
Online Evaluation with Trainee-Adaptive Tests

CRISTEA BOBOILA
University of Craiova

Faculty of Mathematics and Computer Science
Al.I. Cuza Street, No. 13, Craiova RO-200585

ROMANIA
boboila@central.ucv.ro

MARCELA S. BOBOILA
Stony Brook University

Computer Science Department
Stony Brook, NY 11794-4400

USA
mboboila@cs.sunysb.edu

Abstract: This paper presents an online application for test design and evaluation oftrainees. We advance our
research in two directions: activity flow modeling and adaptive test design.With activity flow modeling, we
achieve high usability and structural coherence, while the adaptive test design method that we propose facilitates
dynamic generation of tests based on topic relevance. Our method ensuresthe creation of adaptive tests that target
to specific topics of interest for users, and employs specific policies to adjust the difficulty level of tests.
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1 Introduction

The development of new technologies is having a
tremendous impact over our society in current years.
A pivot factor in the society evolution has been the in-
ternet, which has become more and more present at
our workplace and in our learning methods. The great
merit of internet is the easy access to information that
has implicitly led to a new, fast and handy range of
tools and capabilities for various fields of activity.

Teaching and learning is one of the areas that
greatly benefits from the technological explosion. The
use of computers and internet influences several com-
ponents of the educational activity, and introduces a
high degree of flexibility with respect to time, place,
delivery process and learning process.

The research in e-learning has been developed in
two main directions: Computer-based training (CBT)
and web-based training (WBT) [2]. With CBT, digital
technologies are particularly used, such as CD-ROMS
to store and distribute multimedia training materials.
WBT facilitates the online training, and uses the inter-
net to provide access to educational materials.

We have directed our research towards web-based
training, whose great potential in education comes
from its flexibility and continuously increasing acces-
sibility and usability. Training on the internet is be-
coming more available to every learner at any hour,
along with the continuous development of the inter-
net. Moreover, the information can be updated eas-
ily, leading to the great popularity of e-learning. In
contrast, with CBT, if a read-only device is used (e.g.
CD) the difficulty of updating the information im-
poses a constraint on the educational process. Also,

the internet supports the delivery and communica-
tion in e-learning. For example, the learning con-
tent (e-books, e-courses or e-tests) can be delivered to
students through internet and communication can be
performed through e-mail, discussion forums, instant
messages and so on [2]. In addition, the internet can
provide unlimited storage capabilities, due to its dis-
tributed nature, while the CBT storage size is limited
by the device (e.g. CD, hard disk).

Our work describes an online application for test
editing and evaluation. Apart from a detailed struc-
tural and functional description, we present our re-
search in two directions that have been addressed with
respect to our online testing environment. We discuss
the activy flow modeling process that enforces usabil-
ity and is the basis of a well-structured application.
We also introduce the concept ofquestion-relevant
keyword set (QKS), which extends testing to flexible,
adaptive test design, and facilitates training in specific
topics of interest for the user.

The rest of the paper is structured as follows: Sec-
tion 2 presents related work in this area. Section 3 de-
scribes our online testing application from a structural
and functional point of view. Section 4 presents the
adaptive model used for test design. Finally, Section
5 concludes the paper.

2 Related work
The recent research in online evaluation has ranged
from testing techniques based on quizes [3][4] to spe-
cific problem solving with creative answers [1]. Grad-
ing in online settings has also been studied in the at-
tempt to reduce the faculty time spent on grading [5].

Proceedings of the 4th WSEAS/IASME International Conference on Engineering Education, Agios Nikolaos, Crete Island, Greece, July 24-26, 2007        1



Figure 1: Modeling the activity flow for database administration

Furthermore, several researchers have shared their on-
line teaching practice experience [7], making a strong
point with respect to the benefit of this type of train-
ing.

Methods of setting up an online learning environ-
ment have also been explored [6], along with the need
for distributed repositories for large testing databases
[8]. Going deeper into technological aspects, educa-
tional software design and implementation has been
the key concern in [9][10]. Software applications such
as QUIZIT [15] and ASSIST [14] exist, which pro-
vide online testing facilities for questions whose cor-
rect answers respect a specific regular expression.

Moreover, the research area of semantic web has
strong ties with e-learning, providing means to per-
sonalize the learning process [11][13] and to meet e-
leaning requirements [12].

Our work addresses a problem that encompasses
both semantic web and online testing techniques. We
approach the issue of on-the-fly, adaptive test de-
sign, based on representative keywords and knowl-
edge level of trainee.

3 Structural and functional concepts

We are developing the online application as a dynamic
internet website for user auto-evaluation. Its first dis-
tinguishing feature is usability, enforced by an activity
flow modeling process during the design phase that
ensures a well structured application and a logical,
easy to use interface.

Moreover, an important achievement of our work
is the adaptive test design, based on logical decompo-
sition in topics during the testing process. Therefore,
the purpose of the evaluation system is not only to as-
sist users in verifying their knowledge online, but also
to create a stimulating environment, where users im-

prove their knowledge gradually.
Also, the editing section expands the functionality

of traditional testing systems, with the possibility of
user interaction in test editing. In this way, the learner
can himself provide training material, which becomes
available to others who access the online system.

3.1 Modeling the flow of activities
An online testing system is available to people from
various categories of work. Most of them do not have
a background in computer science, and have a very
limited knowledge of information technology. There-
fore, an important part of our research has been di-
rected towards usability, which mainly represents the
ease of application utilization. In our view, usability
can be achieved by having a clear picture of the flow
of actions and operations employed by a user who ac-
cesses the application. The activity flow modeling im-
proves the description of functions carried out by the
application from the point of view of both the user and
the designer. It provides the user with a clear and log-
ical way in which the application can be utilized. Fur-
thermore, it helps the designer to better and coherently
describe the main tasks carried out by the application
he develops.

Building on these considerations, we carried out
a thorough study of the activity flow during the de-
sign phase. The first step pertains to a logical decom-
position in actions that must occur during a user in-
teraction with the online application. The result is a
hierarchy of actions, where not all the operations are
performed by the user. For example, the insertion of
a question in the database is carried out by the appli-
cation itself, and the user can only ”trigger” the event.
Some of the actions in the hierarchy flow are abstract,
and may stand for a group of more concrete activi-
ties. Basically, actions are assigned to different levels
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Figure 2: Structural and Functional Schema

and nodes, depending on the abstraction level, start-
ing with the most abstract task at the root and going to
more practical and concrete operations at the leaves.
Following the logical decomposition in a hierarchy
of actions, we identify the temporal relations between
operations situated on the same level in the hierarchy.
Also, we identify the way in which the actions on the
same level are correlated.

Figure 1 models the action flow that occurs in the
interaction with the database. We used the notation
and representation system provided by the Concur-
TaskTrees (CTT) tool [16]. In comparison with pre-
vious approaches, such as Hierarchical Task Analysis,
ConcurTaskTrees provides a more divers set of nota-
tions, with precise meanings [16]. In the database ad-
ministration modeling, the root node and its children
(i.e. the adding and deleting of data) are of abstract
type, since they do not include a single concrete action
in terms of user-computer interaction. As a general
principle, the interaction with a database must allow
adding and deleting of records. Between these two
types of operations, a temporal order can not be es-
tablished, since no one of the two operations precedes
the other in all scenarios. We use the‖ CTT notation
to suggest that the two tasks are performed indepen-
dently in time. The ”complete add form” node mod-
els data adding, and reflects a system-user interaction.
The ”add record” action is performed by the applica-
tion itself, during a database access operation. As we
emphasized before, the flow model should also incor-
porate information about actions on the same level in
the hierarchy. In the particular case of data adding, we
denote a relation of precedence accompanied by de-

livery of data with the[] >> CTT notation. The data
removal is conceptually modeled is the same way.

Similarly, during the design phase we are per-
forming the flow modeling of the activities associ-
ated with all structural components. The hierarchical
model is particularly useful in achieving a unitary and
logical design of the online application as a whole,
and defining inter-module interactions and communi-
cation, which are described in Section 3.2.

3.2 The modular structure

The online evaluation system has been designed with
flexibility and extensibility in mind, in order to pro-
vide also interactive editing facilities, in addition to
testing and grading. Figure 2 synthesizes the modu-
lar structure of theEvaluation SectionandTest Edit-
ing Section. Each of the modules interacts with the
other components and provides some particular fea-
tures that are further described.

The main scope of theEvaluate OnLine Moduleis
to facilitate the user authentication with a (name, pass-
word) pair and also to select the domain of interest.
Apart from security reasons, authentication provides
a mean to store and retrieve test results and informa-
tion associated with a user. Thus, adaptive learning
process is built on previously stored results (Section
4), and the application adjusts the difficulty of new
tests based on past scores. Moreover, the application
can provide the user with an evolution diagram con-
structed from theuser score history.

The Test Moduledelivers the current test and
keeps track of the elapsed testing time. This module
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has an important algorithmic and decision component,
which will be explained in Section 4, that provides the
facility to build adaptive tests. It also interacts with the
database to identify the questions. With interactive
tests [17], the questions are displayed one at a time,
allowing the interference of the user, who can decide
to receive feedback on the current question or leave
the test at any moment. The category of passive tests
[17] has also been addressed in our implementation.
With passive tests, all test questions are displayed on
a single web page, and the response order is thus more
flexible: the user can answer the questions in any or-
der he chooses. TheEval Moduleapplies the grading
system to evaluate the test answers. Furthermore, it
provides a visual feedback with respect to the student
evolution, using the user history to deliver an evolu-
tion diagram over taken tests.

We have also developed the editing facility, where
the access is granted in theEdit Test Moduleby a se-
cure login to the editing section. Our implementation
has been advanced in several directions, included in
theOptions Module. The adding of new information
to the online evaluation system, such as new domains,
topics, sub-topics, new tests or new questions depend-
ing on the level of granularity selected by the user is a
feature provided by theAdd Module, while theModify
Moduleis particularly concerned with editing or delet-
ing existing data. Data modification can be done at
different levels of granularity, ranging from domains
to particular questions, time and score settings. Fur-
thermore, the modules interact with the database in
order to retrieve, store or modify information.

3.3 Technological aspects
With interoperability and free access in mind, we have
used the PHP and MySQL technologies in out im-
plementation. PHP and MySQL provide the pos-
sibility of making a dynamic web portal, and offer
equally good implementation facilities as ASP and
SQL-Server from Microsoft. In addition, they are
open-source and cross-platform, and can be used on
a Linux operating system.

4 Adaptive test design
The construction of adaptive tests is an incremental
process. Past performances of the same trainee di-
rectly impact which questions are extracted from the
database to form the current test. In order to adapt
the difficulty of the test to the knowledge level of the
trainee, we must start with a smaller granularity: the
difficulty level of a question.

In general, the difficulty level of questions is not
constant for any test. Some of the questions may be

easier to answer; others may pose a higher intellectual
challenge. For a test questionqi, we associate a dif-
ficulty level di ∈ [1 · · ·R], whereR is the range, or
highest level defined. We have considered that 10 lev-
els of difficulty can usually offer sufficient flexibility
in test design, and therefore we are using the value 10
for R.

4.1 Question-relevant keyword set
In this work, we are introducing the concept of
question-relevant keyword set (QKS), and describe
how this concept can be used to design adaptive tests.
The QKS denotes the set of keywords that are associ-
ated with a question. In other words, a question tests
learner’s knowledge from the topics given by the key-
word set. We can define the QKS for a questionqi as
the set:

QKS(qi) = {k1, k2 · · · kn} , (1)

where k1, k2 · · · kn represent the relevant keywords
for questionqi.

Let us consider the following sample question:

q3: Which of the interfaces below does the Hashtable
class implement?
◦ Table;

◦ List;

◦ Map.
Although this question might have been added

by a user to the programming languages domain, the
question can also be relevant for more specific topics,
such as Java language or hashtables.

Therefore, the QKS assigned for this question can
be:

QKS(q3) = {programming, Java, (2)

Hashtable}

In this way, we have provided the user with a
more powerful evaluation tool. He can now train not
only from a general domain (i.e. programming lan-
guages), but can target to more specific topics, such as
Java language. In addition to already formed tests, the
Evaluate OnLine Module is extended with on-the-fly
generated tests that incorporate questions from differ-
ent topics of interest for the learner. The user must
provide the domain and the topics, and the online ap-
plication will select the questions based on the QKS
and difficulty level.

When a user edits or adds a test question to the
database, the keywords assignment can also be carried
out. This is astatic assignment, since it is performed
by the user. We also propose adynamic assignment
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No. Topic Questions
1 indexing q1, q2, q4
2 deadlocks q3, q4, q5
3 queries q3, q6, q7
4 object-oriented q6, q7, q8, q9

Table 1: The (topic, question set) association. The
learner tests his knowledge on four topics related to
databases.

of keywords, carried out by the application, which is
based on user interests. Some of the topics might be
of greater interest for users than other topics. The fre-
quency of test topic request gives a good measure of
users’ interest in that particular area. Our solution is to
employ a daemon application, that works in the back-
ground, or in periods of low activity (i.e. at night), and
searches for frequently requested topics in the text of
the questions. Next, it updates the QKS for the ques-
tions where the frequent topics have been found.

For example, let us assume that several learners
are concerned with Java interfaces, and specifically
ask for this topic in their test setting requirements.
The ”interface” keyword does not appear in the QKS
for q3, although this question discusses an aspect re-
lated to Java interfaces (i.e. the interface that is im-
plemented by the Hashtable class). Therefore, the ap-
plication will dynamically assign the ”interface” key-
word toQKS(q3):

QKS(q3) = {programming, Java, (3)

Hashtable, interface}

4.2 Integrating difficulty levels with topics

We want to adapt the difficulty test level to the score
history of the learner, and to give him the chance to
improve in topics where he has more weaknesses.
Specifically, if a learner scores low in a particular
topic, the next test should have more questions of
lower difficulty level in comparison with the other top-
ics that he wants to be included in his test.

Let us assume that a learner wants to master the
databases domain. In particular, he wants to test his
knowledge in the following databases topics: index-
ing, deadlocks, queries and object-oriented databases.
A simplified description of the questions stored in our
evaluation system relating to these topics is presented
in Table 1.

If the trainee has not been tested on these topics
before, the topics would be represented in the first test
in equal proportion (25% each in our case, since we
have 4 fields of interest). For the next tests, we enforce

an ordering relation such that:

If nk
c (ti) > nk

c (tj) , (4)

Then nk+1(ti) < nk+1(tj) ,

where nk
c (ti) represents the number of correct an-

swers on topicti in testk andnk+1(ti) is the num-
ber of questions that will appear in testk + 1 on topic
ti. Therefore, the next tests contain more questions
related to topics in which the learner has previously
done worse.

Furthermore, we can employ a proportionality re-
lation with respect to the number of questions from
each topic that appear in the next test. Mathemati-
cally, we can represent the relation for topicsi andj

as:
nk

c (ti)

nk
c (tj)

=
nk+1(tj)

nk+1(ti)
. (5)

In practice, we prefer to take an average of the
number on correct answers on each topic, over a cho-
sen number of previous tests. This is motivated by
several subjective factors that may appear during a test
and influence the score of the learner. The last perfor-
mance is usually not the best indicative of the knowl-
edge level on a particular subject.

The difficulty level is adjusted incrementally by
referring the learner performance to a threshold T,
such that:

If nk
c (ti) ≥ T , (6)

Then Increment(dk+1(ti)) ,

Else Decrement(dk+1(ti)) .

wheredk+1(ti) is the difficulty level for questions in
topic ti, for the testk + 1.

Moreover, we note that, in general, the topics are
not disjoint in terms of questions contained. Some
questions can be relevant for more than one area;
therefore the QKS pertaining to these questions inter-
sect. The algorithm employed in our portal implemen-
tation gives more credit to non-common keywords.
Let us assume that questionq is related to topicsti
andtj from the current test. If the learner has scored
better on topicti in the previous test, thenq has more
chances to be assigned toti than totj . The reason-
ing behind this is to allow the user to be trained on
more specific questions from the domain in which his
knowledge level is lower.

Therefore, ifQKS(ti)
⋂

QKS(tj) = {q}, then
the probability of assigningq to the topicti in the next
testk + 1 is:

P k+1(q, ti) =
nk

c (ti)

nk
c (ti) + nk

c (tj)
, (7)
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where the ordering relationnk
c (ti) > nk

c (tj) ensures
thatq is more likely to be considered in the question-
set associated withti for the next dynamically created
test.

5 Conclusion
Online training has highly benefited from the fast de-
velopment of the internet in the recent period. The
continuously increasing accessibility and flexibility of
the internet provides means to develop educational
techniques using the web environment.

This work describes an online application for test-
ing, where both the evaluation and test editing facili-
ties are provided to users. We present how activity
flow modeling is performed during the design phase,
in order to maximize application usability. Moreover,
we describe our results in the direction of adaptive
tests, where the user score history is a determinant fac-
tor for next training tests. We introduce the concept
of question-relevant keyword set (QKS)to define the
topics that a particular question may test. We consider
that training is successful if not only the user, but also
the system itself learns. Therefore, our method pro-
poses a continuous update of relevant topic-defining
keywords, carried out by the application. As future
directions of research, we intend to advance our work
in the rich area of adaptive and personalized tests, and
study complex scenarios of test mapping on user lev-
els of knowledge.
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