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EVOLUTION OF THE CONCEPT MAP BASED ADAPTIVE KNOWLEDGE ASSESSMENT
SYSTEM: IMPLEMENTATION AND EVALUATION RESULTS

JEDZIENU TIKLOS SAKNOTAS ADAPTTVASVZINééANU VERTESANAS SISTEMAS
EVOLUCIJA: REALIZACIJAS UN NOVERTESANAS REZULTATI

J.Grundspenkis, A.Anohina

Concept map, adaptive knowledge assessment, multiagent sysiem, degree of task difficulty, comparison
algorithm of concept maps

1. Introduction

In the area of education many researchers support the idea that the educational process can be
promoted by modern information and communication technologies (ICTs). ICTs enable student-
centred and one-to-one leaming in traditional as well as in computational environments [1]. A plethora
of technology-enhanced educational systems that aim at facilitating teaching, learning, and assessment
has becn already developed and many others are under the development. At the same time even the
most advanced so called intelligent tutoring systems provide intelligent support of the educational
process that is far behind of that provided by a human-teacher who is able to adapt to each learner
individually and to give flexible feedback. With the dissemination of technology-enhanced, in
particular, distance learning, learming assessment has become a constant concern {2]. For example, in
e-learning a regular knowledge assessment, as a rule, is based on tests that allow assessing of learners’
knowledge only at the first four levels of the well-known Bloom’s taxonomy [3] including three levels
of lower order skills: knowledge, comprehension, and application, and analysis, that along with
synthesis and evaluation belongs to three higher order skills. Even in traditional teaching, where
regular knowledge assessment may be carried out quite easily, only final examinations are applied in
practice due to the high workload of teachers.

The paper presents the approach ensuring systematic knowledge assessment through the use of the
developed concept map based adaptive knowledge assessment system (KAS). Both teachers’
assessment and learners’ self-assessment are supported by the system that allows keeping track of
person’s learning progress. Section 2 introduces underlying concepts of the KAS. Section 3 describes
four prototypes of the system and results of their evaluation. The section ends with detailed
comparison of the prototypes reflecting the evolution of the system. Conclusions and future work are
given in Section 4.

2. Underlying concepts of the system

In the sixties of the last century, Ausubel developed the Assimilation Theory [4, 5] in concordance
with which human beings learn meaningfully via acquisition and retention of concepts and
propositions that are stored in their cognitive structures in a particular, idiosyncratic way. As it turns
out, this idea is not easy to put into teaching practice without proper understanding of the process
through which people learn meaningfully, i.e., there is a fundamental necessity of leaming the
concepts of progressive differentiation and integrative reconciliation before applying them to school
topics [2]. Aware of this, Novak has developed a pedagogical tool called a concept map (CM) [6, 7.
According to Novak, a CM represents a part of a person’s cognitive structure, revealing his/her
particular understanding of a specific knowledge area. CMs are a specific kind of mental models that
arc used for representation and measuring of individual’s knowledge by visualization of a graph with
labelled nodes corresponding to concepts and with arcs (links) indicating relationships between pairs
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of concepts. Arcs may be undirected or directed, as well as may have the same or different weights
[8]. Finally, arcs may be without or with linking phrases on them that specify a kind of relationship
between concepts. A proposition is a semantic unit of CMs presented as a concept-link-concept triple
that is a meaningful statement about some object or event in a problem domain [9]. A CM is
constructed by the continued application of progressive differentiation and integrative reconciliation
[2]. The step-by-step construction of a CM and a sequence of CMs constructed by a student can
illustrate the evolution of person’s understanding of the topic [10]. CMs are a viable, computable, and
theoretically-sound solution to the problem of expressing and assessing students’ learning [2]. The
concept mapping approach offers a reasonable balance between requirements to assess higher levels of
knowledge and complexity of a KAS [11], and can be used as an alternative to usual essays,
decreasing the amount of teacher’s work during assessment [2]. That is why in educational settings
CMs have become a valuable tool of a teaching, assessment and learning toolbox, as they enhance
learning, promote reflection and creativity, and enable students to externalize their knowledge
structures [6].

Besides the abovementioned advantages there are several additional reasons that motivate the
development of the CM based adaptive KAS. First, the use of CM based tasks for assessment allows
secing students’ cognitive (knowledge) structure. Thus, CMs promote system thinking that frequently
is a critical point even for university students. Second, CMs allow offering of tasks with different
degrees of difficulty that can be ranged from high-directed to low-directed depending on information
provided for students. All tasks are divided into “fill-in-the-map” tasks where a CM structure is given
and “construct-the-map” tasks where students themselves must create a CM structure and choose its
contents [12]. Fill-in tasks belong to high-directed tasks because a CM structure and sets of concepts
and/or sets of linking phrases are given. Some concepts may be already filled in, linking phrases
defined, links marked with weights or students must define concepts and/or linking phrases. In
construction tasks a CM structure is not given. Lists of concepts and/or linking phrases may be given
or students must define them by themselves. Consequently, CM based tasks are suitable for adaptive
knowledge assessment. The adaptation to students” knowledge level can be reached in several ways.
At cach stage, a student can receive a task that corresponds to his/her current knowledge level, and at
the next stage task difficulty can be changed depending on previous results of knowledge assessment.
Third, CMs support process oriented learning in which a teacher divides a study course into several
stages and carries out knowledge assessment at the end of each stage. Thus, systematic assessment is
provided that, in its turn, allows not only to assess a current knowledge level of each individual
learner, but also allows to change teaching methods and learning content timely in order to achieve a
desirable knowledge level and to promote qualitative teaching and learning process.

In order to support systematic knowledge assessment the following procedure for the creation and use
of CMs has been developed [13]. Learners should acquire a certain set of concepts at the first stage of
a study course. A teacher includes these concepts and relationships among them into the first CM. At
the second stage new concepts are taught and the teacher adds them to the CM of the first stage
without changing relationships among already existing concepts. So, ecach new CM is an extension of
the CM of a previous stage. Reaching the last stage, a CM contains all concepts and relationships
among them representing a complete knowledge structure of the study course. The overall scheme
showing the use of CMs in systematic knowledge assessment is displayed in Fig. 1.

Contents of a study course

Knowledge Knowledge Knowiédge
assessment 1 assessment 2 assessment N
Stage 1 Stage 2 Stage N
Concept map 1 Concept map 2 Concept map N

(O -4dnew concept; @ - aconcept of a previous stage

Fig.1. Use of concept maps in process oriented learning for learners’ knowledge assessment
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The developed KAS implements the following scenario. Using the system’s graphical user interface, a
teacher prepares CMs for each stage by drawing CMs on the working surface. During the creation of
the first CM the teacher can freely add and delete concepts and links, but in the next stage he/she can
freely operate only with new elements of the current CM. In order to make teacher’s work easier,
already developed ontologies of study courses may be transformed into CMs [14]. During knowledge
assessment or self-assessment learners get a task (a CM) that corresponds to the current learning stage.
After the completion of the CM, a learner confirms his/her solution and the KAS compares CMs of the
learner and the teacher. A final score and the learner’s CM are stored in a database. The learner
receives feedback showing his/her CM with mistakes, but a correct CM remains hidden.

The KAS is designed as a multiagent system (Fig.2). The agent-expert forms a CM of a current stage
using a teacher’s CM and a learner’s CM of the previous stage, and passes it to the communication
agent for visualization. The agent-expert also delivers the teacher’s CM and a corresponding ontology
to the knowledge evaluation agent for comparison. The communication agent perceives leamer’s
actions and is responsible for visualization of a CM received from the agent-expert, and for the output
of feedback received from the knowledge evaluation agent. The latter compare the leamer’s CM with
the teacher’s CM and the corresponding ontology, and recognizes synonyms of concepts and several
patterns (correct or incorrect) of the learner’s solution (see Section 3). The interaction registering
agent stores the learner’s solution and score in a database. It is necessary to point out that each of the
already implemented prototypes of the KAS has only limited functionality of the designed architecture
that is under the development at the moment,

Repository of Ontology : ' LEARNER ’
ontologies Concept map A Learner-completed A
of the current stage concept map Feedback
Transformations Y
[ Communication agent ]—
Database Concept map 4 Learner-completed )
of teachers’ of the current concept map Feedback
concept maps stage Y
Teacher's b, Teacher’s
concept map > concept map Knowledge
> Agent-expert L evaluation
Learner's > P agent
concept map N/ Ontology >
of the previous —— Learner-
stage Learner’s concept Interaction Score completed
map and score registering o concept map
Database ot agent >
of learners’ concept
maps and scores INTELLIGENT KNOWLEDGE ASSESSMENT AGENT

Fig.2. The architecture of the adaptive knowledge assessment system

3. Implementation of KAS prototypes

The development of the adaptive KAS started in 2005. Since that time four projects managed by the
first author of this paper and funded by the Latvian Ministry of Education and Science, and Riga
Technical University have been finished.

3.1. The first prototype

The development of the first prototype mainly was focused on the implementation of the overall
conception and basic functional capabilities. The architecture of the system included three modules:
the teacher module, the learner module and the administrator module. The following tools were

chosen: Borland JBuilder 9.0, JGraph, PostgreSQL DBMS 8.0.3 and JDBC driver for PostgreSQL.
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The two layer client-server architecture was used (Fig.3). A learner accesses the application using any
browser. The client application is downloaded from the server via WebStart and instalied on the user’s
machine (the client side). Data exchange between the database on the server side and the client
application is carried out when the learner interacts with the KAS. The application connects the server
directly and communicates using the JDBC driver and SQL-or PL/SQL commands.

Java Web Start architecture for the location of the application on the client side
Java Network
Launching Ja"‘? Web StarF:
Browser -—‘ggétocel downloading, installing and
updating of applications
- ) Files of the client
Files of_thebchent Y application
application T
Java application
HTTP server
Teacher module

Administrator module

Learner module

Server side

Client side

Fig.3. The two-layer architecture of the KAS’s first prototype

In fact this system is not adaptive at all because learners can solve only fill-in-the-map tasks receiving
the given CM structure. The task for learners is to put concepts from a given list in correct nodes of
the structure. However, there are limited possibilities to change the degree of task difficulty by
increasing or decreasing the number of teacher’s predefined concepts already placed in correct places.
Arecs are undirected and without semantics. Only two predefined weights reflecting importance of
relationships (important and less important) are used. At the next stage learners receive an extended
CM where all correctly placed concepts are left, but incorrectly placed and new ones are given in the
corresponding lists.

A novel algorithm for comparison of CMs has been developed and implemented in the system. This
algorithm is sensitive to the arrangement and coherence of concepts. For demonstration of algorithm’s
performance let’s suppose that a learner has received a high-directed fill-in-the-map task where the
CM structure is defined (Fig.4a). An example of the learner’s solution is shown in Fig.4b. Operation
of the algorithm is based on the assumption that understanding of relationships between concepts is
the most important for knowledge assessment while types of links and places of concepts are of
secondary importance. The algorithm carries out the comparison of concept pairs of the teacher’s
constructed CM (Fig.4a) and a learner’s completed CM (Fig.4b).

an important relationship

a link of secondary importance

Fig.4. Comparison of concept maps based on five patterns
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Five patterns are identified [15, 16]. Pattern 1 corresponds to a correct solution, and the learner
receives the maximal score. Pattern 2 represents a completely incorrect solution (the learner has
defined a relationship that does not exist and receives zero score). Pattern 3 originates when the
learner has defined a correct relationship but at least one of concepts is placed incorrectly (he/she
receives 80% from the maximal score). Pattern 4 occurs in case if the learner has defined an incorrect
type of a relationship and at least one of concepts is placed incorrectly (the learner receives 50% from
the maximal score). Pattern 5 means that a concept is incorrectly placed but its place is unimportant
{the learner receives maximal score).

When comparison is finished, a learner receives feedback with information about incorrectly related
pairs of concepts, a list of not inserted concepts, the maximal possible score at this stage for the
absolutely correct solution, and the actual score he/she has achieved. In turn, the teacher receives
feedback with information about the maximal and actual scores of all learners, and their CMs with
mistakes highlighted on them. More details about the first prototype of the KAS are given in [15, 17].
The first KAS prototype was evaluated in 6 study courses (5 engineering and 1 pedagogical course)
both in Riga Technical University and Vidzeme University College. In total 102 students participated
in evaluation and 84 of them submitted questionnaires after the use of the KAS. Fifty eight (69%)
students answered that CM based knowledge assessment promotes logical thinking and better
understanding of learning material. For 41 (49%) students the user interface was relatively convenient
and perceivable. However, 19 (23%) of them pointed out that textual format of feedback is not
informative enough, and 15 (18%) thought that feedback should contain information about missing
knowledge units. At the same time for 44 (52%) students fill-in-the-map tasks were difficult, and for 6
(7%) students even very difficult. They also reveal causes: the method is unusual, requires active
thinking, and the KAS has limited functionality. Practically all students supported the use of CMs in
other study courses if the abovementioned drawbacks will be avoided. The students suggested to use
the drag-and-drop technique for fill-in-the-map tasks, and to ¢laborate the feedback in order to identify
mistakes in a graphical form.

3.2. The second prototype

The drawbacks of the first prototype were eliminated in the second prototype which roughly
corresponds to the multiagent architecture (see Fig.2). Several new solutions have been implemented.
First, new kinds of feedback were worked out both for teachers and learners. For teachers the system
collects statistical data about non-existing relationships that learners often define, about correct
relationships that learners define rarely, and about important relationships that learners define as links
of secondary importance. These data may draw teachers’ attention and facilitate changes in teaching.
Feedback for learners is more instructive and is given in a graphical form. A learner receives his/her
completed CM with labels representing his/her received points for each relationship. Labels are given
in the form “x out of y,” where y denotes maximum of points for a certain relationship, and x
corresponds to points acquired by a learner. Relationships also have different colours according to
their correspondence to patterns.

Second, two approaches how to change the degree of task difficulty have been developed, namely, by
inserting additional concepts into a CM or by offering different types of tasks. In the first approach
only fill-in-the-map tasks are available. During task performance, a learner can ask to reduce the
degree of task difficulty, and the system inserts additional concepts into a CM. Reduction of task
difficuity has two steps. First, the analysis of learner’s CM is carried out; incorrectly inserted concepts
arc removed and added to a list of concepts. Second, a learner chooses the number of concepts he/she
wishes the system would insert. Note that this number depends on the minimal number of concepts
pre-defined by a teacher that a learner must insert by him/herself [18]. The system reacts by inserting
additional concepts. This is a duty of the agent-expert that uses the developed algorithm that is based
on the identification of degrees (the number of incoming and outgoing arcs) of free nodes (nodes that
do not contain concepts). Free nodes are sorted in descending order. The node with an average index is
chosen and a corresponding concept is inserted into a CM. If the learner wishes to insert more than
one concept, the process continues. In that way, nodes with an average degree are inserted first of all.
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This decision is based on the assumption that concepts with smallest degrees give too little help, but
concepts with highest degrees are keywords that learners must know.

The approach was evaluated in 4 study courses both in Riga Technical University and Vidzeme
University College. Forty four students took part, and 35 questionnaires were received after
knowledge assessment. Thirty students (86%) liked the usage of CMs for knowledge assessment, and
26 (74%) considered that CMs help them to understand learning material better, For 21 (60%) student
it was difficult, and for 4 (11%) even very difficult to solve fill-in-the-map tasks. However, only 10
(29%) students used the system’s offered possibility to reduce the degree of task difficulty. At the
same time 8 (80%) of them pointed out that it facilitates further execution of tasks. Remaining 25
(71%) students explained that they did not want to reduce their total score. Students approved the
system’s user interface (19 students or 54%) considering that it is convenient and perceivable, but 14
students (40%) found it relatively convenient and comprehensible. Twenty seven (77%) students
indicated that the provided feedback was useful showing what kind of knowledge is missing. The form
of fecdback was evaluated as being demonstrative (19 or 54% of students) or partly demonstrative (14
or 40% of students). So, evaluation of feedback is significantly higher in comparison with the first
prototype where a textual format of feedback was used.

In the second approach, five tasks (3 fill-in-the-map and 2 construct-the-map) providing adaptive
capabilities of the KAS have been selected and sorted starting with the easiest high-directed one where
a structure of a CM and linking phrases are given, and ending with the most difficult low-directed task
where a CM must be constructed if only a list of concepts is given [13, 19]. At the first stage, a learner
receives a task that has a teacher’s defined degree of difficulty. During task performance, the leamer
can ask to reduce the degree of task difficulty. The ordinal number of the task in the sorted list of tasks
is reduced by one in this case. The task difficulty depends on a learner’s result at the previous stage.
So, if the learner has reached a teacher’s predefined minimal score without reduction of the task
difficulty, the system delivers the more difficult task at the next stage. This is the system’s adaptive
rcaction to the learner’s behaviour.

Addition of construct-the-map tasks extends a set of patterns and causes modification of points
received for relationships. Considering an absolutely correct relationship as 100%, its constituents are
defined as follows: 40% for understanding of relationships between concepts, 30% for understanding
correct semantics (linking phrases), 20% for understanding of a correct type (important or less
important) of a relationship, and 10% for placement of both concepts in correct places [17]. Nine
patterns have been identified that can be distinguished by the developed algorithm for comparison of
the teacher’s CM (Fig.5a) and the learner’s CM (Fig.5b).

Environment

Part of
Pattern 1 Pattern 4
Goal Partof| System isa
Goal thinking Relationship
Part of
Part of isa
Pattern 2 Pattern 5  Pattemn 8
System
thinking System Part of)| et
&
Part of concepts
is based on .
isa isa
isa isa Patterm3 Pattern 6
Environment System Relationship pv— Fy.
e whole
concepts ] Part of
isa isa/ Y a / has Pattern 7 | Part of Pattern 9
isa
isa
Attribute A whole Set Object Process Process Attribute
a) b)
e 20 important relationship -————  aless important relationship

Fig.5. Comparison of concept maps based on nine patterns
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Patterns represent the following cases. Pattern 1 represents a correct solution (a learner receives the
maximal score (max S): 5 points for important and 2 points for less important relationship). Pattern 2
corresponds to the completely incorrect solution (the score is zero). Pattern 3 means a correct solution
with exception that at least one of concepts is placed incorrectly (a learner receives 0.9 max S). Pattern
4 is valid only for construct-the-map tasks. It represents the case if a type of a relationship is incorrect
(a leamer receives 0.8 max §). Pattern 5 represents a solution in which a linking phrase is incorrect (a
learner receives 0.7 max S). Pattern 6 corresponds to a situation where a type of the relationship is
incorrect and at least one of concepts also is placed in an incorrect place (a learner receives 0.7 max
S). Pattern 7 occurs in case if the lcamer has defined a correct relationship, but both its type and a
linking phrase are incorrect (a learner receives 0.6 max S). Pattern 8 is another case that is valid only
for construct-the-map tasks. It reflects a situation in which both a type and a linking phrase are defined
incorrectly for the existing relationship (a learner receives 0.5 max S). Pattern 9 is similar to the
pattcrn §, but at least one of concepts is placed incorrectly (a learner receives 0.4 max S).

The second approach was evaluated in one engineering course “Fundamentals of Artificial
Intelligence” in spring of 2007. Totally 30 students took part and 28 of them completed the
guestionnaire. From questionnaires it may be concluded that once again CM based knowledge
asscssment is approvingly evaluated by 68% (19) of students. The same number (19 or 68%) students
pointed out that such approach helps better understanding of logical organization and
interconnectedness of mastered concepts. Once again rather high number of students answered that
CM based tasks are difficult for them (16 students or 57%). Twelve students (75%) from those who
had difficulties used possibility to reduce the degree of task difficultly, and 11 of them (92%) found
that the system offered an easier task. At the same time the system increased the degree of task
difficulty for 9 students (32%), and 8 of them agree (89%) that the task offered by the system was
more difficult. Evaluating feedback, students mentioned that it is demonstrative (17 students or 61%).
They liked the graphical form that shows weak points in their answers.

3.3. The third prototype

The third prototype continues improvements of the adaptive KAS in the following directions:

e ateacher is provided with option to define synonyms of concepts and linking phrases;

* dirccted arcs are introduced;

e a sct of standard linking phrases are defined such as “is a” (subclass-class relationship), “is
instance of” (instance-class and instance-subclass relationship), “has attribute” (object-attribute
relationship), “has value” (attribute-value relationship), and “part of” (part-whole relationship);

* a list of linking phrases frequently defined by a learner that are not synonyms of correct linking
phrases are determined. The aim of such list is to make a teacher aware of the facts. A teacher may
make a decision is a linking phrase valid and to extend a set of synonyms for a corresponding
relationship;

e aset of patterns of learner solutions is extended taking into account directions of arcs.

In 2007 a theoretical research focused on possibilities to transform study course ontology into CMs

also was completed. In result the algorithm for transformations of OWL ontology into a CM has been

developed [14]. This algorithm is not integrated into the prototype because it requires time consuming
re-implementation of the system.

Performance of the third prototype was evaluated in the study course “Methods of Systems Theory”

by 40 students. They have submitted 37 questionnaires after the use of the KAS for knowledge

assessment. Answers showed that for 16 (43%) students it was easy, but for 21 (57%) student it was
difficult to solve given CM based tasks. As the main reasons of difficulties 10 (47%) students
mentioned insufficient learner’s support from the system’s side, 8 (38%) students pointed out lack of
work cxperience with CMs and 6 (29%) students declared that they have not mastered leaming
material deeply enough. Those students who did not have problems underscore that they have good
understanding of essence of CMs (7 students or 44%), have experience of using different software
products (5 students or 31%) and have good knowledge of learning material (4 students or 25%).
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3.4. The fourth prototype

The development of the fourth prototype has not finished at the moment. Three main directions in
improvement of the already existed KAS are worked out.

First, new three-layer architecture is implemented to make the system more secure providing
protection of students’ data and their results. The architecture shown in Fig.6 has three conceptual
clements: the database server, the client application and a newly introduced application server. So, the
application is secure enough because the database server is open for connections only from one
computer, namely, the application server Apache Tomcat. The new version of the KAS is
implemented using the following technologies: Eclipse 3.2, Apache Tomcat 6.0, PostgreSQIL DBMS
8.1.3, JIDBC drivers, Hibernate, VLDocking, JGoodies and JGraph {20].

Download of the client application

> Database server ) Client

PostgreSQOL Application server Java swing application

Tomcat serviei conlainer
Data exchange (SQL) Server side code

T A A o e Implementation of the servlet interface | Remote invocation of methods and
data exchange

-

Y
Data exchange (persistent entities)
Business logic execution

Fig.6. The three-layer architecture of the concept map based knowledge assessment system

Second, new kinds of learners’ support have been designed [21] dividing them into two categories:
provided help during execution of tasks and offered feedback during and after completion of tasks
(Table 1).

Table 1
Kinds of help and feedback and their characteristics
Type of support | Types of tasks | Nature l Status
Help
Changing the degree of task difficulty | F-M*, C-M* H* Implemented
Additional insertion of concepts F-M H Under implementation
Explanation of a concept F-M, C-M H, T* Under implementation
Feedback

Numerical data F-M, C-M I* Implemented
Labcled learncr’s CM F-M, C-M 1 Implemented
Checking of a proposition F-M, C-M H,T,1 Under implementation

* F-M — “fill-in-the-map”’; C-M - “construct-the-map”’; H - help; T — tutoring; I — informative

Additional insertion of concepts is initiated by a learner who asks the system to insert a chosen
concept into the right place (node) of CM. It is obvious that there is not any tutoring because the
system only helps the learner reducing the total number of concepts that he/she should insert
coincidently reducing the degree of task difficulty. Explanation of a concept occurs when a learner
asks the system to explain the chosen concept. Explanation may be given in three forms (a definition
of a concept, a short description or an example) and depends on leamer’s preferences captured in a
student model. The initial form of explanation is determined asking a learner for his/her choice. A
learner can change the form of explanation. Moreover, the system keeps track of learner’s actions and
determines which form of explanation has the greatest contribution to the creation of a correct CM.
This, in turn, enables to modify a student model. Checking of a proposition (a pair of concepts) allows
a learner to indicate a created proposition so that the system can check its correctness, and provide
explanation (tutoring) in case if a proposition is incorrect. More sophisticated checking of propositions
based on larger patterns, e.g. patterns containing three concepts and two relationships is under the
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development [22]. It will help to separate which parts of a student’s CM is different from a teacher’s
CM and which are just different reflections of the same structure, as well as to increase the level of
automation of knowledge assessment. Larger patterns are described by production rules that are used
to expand a teacher’s CM by adding to it all possible extra (default or hidden) relationships.
Afterwards the expanded CM is compared with a CM constructed by a learner. This technique allows
assessing learner’s knowledge more precisely. Production rules can also be used to find additional
rclationships in longer concept chains that consist from more than three concepts and two relations. In
this case the algorithm iteratively goes through a CM searching for patterns and adding extra
relationships whenever rules order it. The algorithm stops when there is not any new relationship that
can be added.

3.5. Summary
Evolution of the developed CM based adaptive KAS is summarized in Table 2 that reveals details how

the developed KAS undergoes an evolution step-by-step moving towards the final goal — the
development of truly intelligent KAS based on CM and ontology formalisms.

Table 2
Evolution of the concept map based knowledge assessment system
Characteristics Number of prototype
lst znd 3rd 4th
lst A* 2nd A*
Proccdure for the creation and use of CMs + + + + +
The interaction scenario + + + + +
Task(s) for learners ¥-M F-M F-M, EF-M, ¥-M,
C-M C-M C-M
Evaluation mechanisms of CMs (mumber of patterns) 5 5 9 36 > 36
Creation of concept maps
Two types of relationships + + + + +
Semantics of arcs - - + + +
Directed arcs - - - + +
Definition of synonyms of linking phrases - - - + +
Definition of synonyms of concepts - - - + +
Usc of standard linking phrases - - - + +
Help offered to learners
Changing the degree of task difficulty - + + + +
Additional insertion of concepts - - - - +
Explanation of a concept - - - - +
Feedback offered to learners
Maximal score for the current task + + + + +
Actual leamer’s score for the current task + + + + +
Addition score in comparison with the previous stage + - - - -
List of not inserted concepts + - - - -
List of pairs of incorrectly related concepts + - - - -
Learner’s CMs with points for cach relationship - + + + +
Teacher’s CM - - - - +
Checking of propositions - - - - +
Feedback offered to teachers
Learncrs” CMs with highlighted mistakes + + + + +
Maximal score for the current task + + + + +
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Characteristics Number of prototype

lsi an 3l‘d 4!}1

lst A* 2nd A.k
Learners’ scores + + + + +
Statistical information about differences between ©o- + + + +

teacher’s and learners’ CMs

Architecture of the system

Three modules + + + + +

Client/server architecture 2-layer | 2-layer | 2-layer | 2-layer | 3-layer
Other

Drag-and-drop technique - + + + +

Multiple execution of the same task - + + + +

Use of a student model - - - - +

Help about the use of the system - - - - +

* 1L A - the first approach; 2™ A — the second approach

4. Conclusions

in this paper rather longitudinal research and development of the adaptive multiagent based KAS
using CMs is described. Three prototypes have been already implemented, tested and evaluated and
the fourth is under development at the moment. The experience obtained manifests that the KAS based
on CMs is able to adapt to the knowledge level of each individual learner by offering a wide variety of
tasks with different degrees of task difficulty.

Within all four sequential projects there is step-by-step progression towards a truly intelligent adaptive
KAS by improving the CMs comparison algorithms. To make system more flexible, semantics of links
and directed arcs are introduced. The set of patterns for comparison is extended from 5 in the early
prototypes till 36 in the third. In the fourth prototype the set of patterns is expanded by adding so
called larger patterns that include more than two concepts and one relationship between them. This
will allow assessing of learners knowledge more precisely.

System’s experimental evaluation showed that engineering curriculum students who study computer
science achieved considerably higher scores in comparison with students of pedagogical curriculum.
The hypothesis get from these first experiments is that computer science students are familiar with
various diagrams used in software engineering therefore a CM is not absolutely new technique for
them. Certainly much more testing experiments are needed in order to conclude which study courses
and areas arc especially suited for CMs.

FFuture work is also directed towards extension of the developed KAS. First, the algorithm for
transformation of study course ontology into CMs should be integrated into the system. Second, the
new algorithm that uses a larger set of patterns for CMs comparison should be implemented, too.
Third, the multiagent architecture should be realized in full scale where a student model is developed
and implemented, too. And last, but not least, the system should include also an ontology based
facilities to choose learning material that learners can revise to fill gaps in their knowledge structure.
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Grundspeqkis J., Anohina A. Jedzienu tiklos sakpotas adaptivas zind@Sanu verteSanas sistemas evollicija:
realizdcijas un noverteSanas rezultati

Raksta ir apskatita jedzienu tiklos saknota adaptiva zinasanu vértéSanas sistema. Jédzienu tiklu prieksrocibas ir
analizétas, uzsverot, kas tie piedava pienemamu risinajumu, kas Jauj novertet augstaka limepa zindsanas péc
Blima taksonomijas un vienlaicigi saglabat zinasanu vertésanas sisteémas relativu vienkarsibu. Jédzienu tkli
Jaw atklar studentu zinaSanu struktiivu, veicina sistemisku domasanu un atbalsta procesa orientétu apmdcibu,
kura macibu kurss tiek sadalits stadijas un katra no tam tiek veikta zindaSanu verteéSana. Izstradatd zinasanu
vértésanas sistema sastav no pasniedzéeja, studenta un sistemas administratora moduliem, un ta ir realizeta ka
daudzagentu sistema. Ir aprakstiti Cetru projektu gaita izstradatie sistemas prototipi. Pirmaja prototipa ir
realizeti tikai definétas jedzienu ttkla strukturas aizpildisanas uzdevumi, ievietojot jédzienus no ieprieks definéta
saraksta. Otrs prototips nodro$ina uzdevumu gritibas pakapes mainu, tadejadi adaptéjoties apmacama zindasanu
limenim. Uzdevumu Klasts ir papildindts ar tadiem, kuros apmacamajam ir jakonstrué jédzienu tikls. TreSaja
prototipa veiktie uzlabojumi [auj lietot jedzienu tiklus ar loku orientaciju un ar standarta attieksmju semantiku.
Savukart ceturtaja prototipa realizéta tris limenu arhitektiira [auj paaugstinat sistémas drosSibu. Bez tam ir
ievérojami paplasinats apmacama atbalsts, kas sniedz apmacamajam gan palidzibu, gan macitbu materialu.
Ralksta doti art prototipu novértesanas rezultati dazados studiju kursos. Raksts noslédzas ar visu Cetru prototipu
salidzinajumu péc visiem galvenajiem realizétas zinasanu vérteSanas sistemas raksturojumiem.

Grundspenkis J., Anohina A. Evolution of the Concept Map Based Adaptive Knowledge Assessment System:
Implementation and Evaluation Results

The paper represents the concept map based adaptive knowledge assessment system. Advantages of concept
maps are analyzed emphasizing that the approach offers a reasonable balance between requirements to assess
ligher levels of knowledge according to Bloom’s taxonomy and complexity of a system. Concept maps allow
revealing of student’s knowledge structure, promote system thinking and support process oriented learning
where a study course is divided into stages in each of which knowledge assessment is carried out. The developed
knowledge assessment system consists from a teacher’s, learner’s and administrator’s modules and is
implemented as a multiagent system. Four prototypes of the system developed within four projects are described.
The first prototype supports only fill-in-the-map tasks where a learner must put given concepts in correct places.
The second prototype provides changing the degree of task difficulty, thus, performing adaptation to a learner’s
knowledge level. The set of tasks are also extended by construct-the-map tasks. Improvements implemented in
the third prototype allow using of directed arcs and standard relationships in concept maps. The three-tier
architecture used in the fourth prototype is chosen to rise the security level of the system. Besides that learner’s
support is considerably expanded giving help and tutoring to a learner. Results of evaluation of the developed
system’s prototypes in different study courses are presented. The paper concludes with the comparison of all
Jour prototypes using all main characteristics of the developed knowledge assessment system.

Ipyuocnenvkuc 5., Anoxuna A. 3601104uA AOANMUGHOU CUCMEMbI OUEHUBAHUA 3HANUT OCHOSANIION HA
CemAX NONANUI: pe3yabnanel peaiu3ayiiil u oyenku

B cmainve paccmampusaemes adanmugHas cucimema oyenusaiius 3HAnNu OCHOBAHHAS HA Cemsax NOHAMUL U
HPUGEOCH aHaIu3 NPeuMyuiecne UCHOIb30GAIIUA cemell NOHAINUL, HOOYepKUGWI, YmO MAaKol nooxoo
obecneyugaem peuterive, KOMOpPoe Oaem GOIMOJICHOCHb OYEHUGANTb BLICULUE YPOBHU 3HAHUN NO MAKCOHOMUU
Biyma, coxpawsis mpu smom omuocumenvHo npocmyio cmpykmypy cucmemvt. Cemu NOHAMUU NO3GOAAIOM
BbIAGUIMbL  CcINpYKMypy — 3nanuil - 00yuaemoz0, cnocobCmEyiom  pA3GUMUI0  CUCIMEMHO20  Mbluiienus U
HO0JepIICUBAION OPUCHMUPOBAHHOE 11a npoyecc obyueHue, 8 KOMOPOM yuebHblLll KypC pazdensiemcs Ha cmaduu,
@ KAJCOOU U3 KOMOpblx MpOGOOUMCs oyenuganue suanuil. Paspabomannas cucmema OYeHUGAHUA 3HAHUY
cocmoum u3 Moovaeu npenodasamens, 00yHaemoc0 U CUCHEMHO20 AOMUHUCMPAnopd, U AGIACMCA
peanuzosaniiol 8 gude MHOZ0A2eHMHOT cucmeMmsl. B cmamve onucanel npomomunsl cucmems!, pazpadomanHsle
6 x00e yemvipex npoekmog. B nepgom npomomune peanizo6ana moabKo 3a0aya 3aN0NHEHUs NpeosiodCeHHOU
CHIPDYKINYpLL cemy NOHAMUL ROHAMUAMY U3 OAHHO20 chucka. Bmopoil npomomun obecnevugaem usmeHeHie
cmeneny mpyouocmu pewaemMon 3a0a4u, makum 06pazom peaiuszys A0anmayuio K ypogHio 3HaHUll 00yHaemoco.
boree  moeo,  mHOdNCECMBO  3a0a4  OONOAHEHO — 3a0a4amu  KOHCMPYUpOGAHUS — Cemu  HOHAMULI.
Ycogepurencmaoganus, peaiuzogannvie 6 mpenbeM Npomonne, Odm GO3MOJCHOCMb UCHONL306AMb CCMu
HOHSIMULL ¢ OpUEHMUPOSAIIBIMU OY2aMU U ¢ CEMAHMUKON CIMAOapmHelx OmHoweHull. B ceoio ouepeos, ¢
yeneepmomM npomomune UCNONb308AHUE MPEX YPOBHEGOU APXUMEKMYPbl HOGbIUIAEM HAOEJICHOCHb CUCHEMbI.
Kpome moeo, 3nauumeisHo pacuiupera nodoepoicka obyuaemozo, npeocmagnis obyiaemMomy He mOAbKo
novowe, HO u obyuaiowull mamepuan. B cmamve Rpugodsmcs pe3ynbmamvl OYeHKU paspabomaHHulx
HPOMOMUN0E ¢ pasiuyHulx Kypcax obyueius. Cmambs 3aKaHyu8aemcs CpagHeHuem 6Cex Hemvipex npomomunos
114 0108 OCHOGHBIX XAPAKM EPUCTHUK PEWTUZ0BAHHBIX 8 CUCINEME OYEHUBAHUS 3HAHUTL.

24


http:nepGo.14

