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Abstract 
e-learning has became widely accepted technology during last decade. However, main attention 
was devoted to content development, its presentation and functionality of learning management 
systems during this period. On the other side, it seems, there was not so high interest in the area 
of knowledge assessment. Paper deals with the functional specification of advanced knowledge 
assessment system. 
 
 
Introduction 
e-learning became widely accepted technology during last decade. However, main attention was 
devoted to content development, including authoring tools, content presentation and specification 
and implementation of functionality of learning management systems (LMS). These aspects were 
deeply developed and LMS were released in the many both commercial and open-source 
implementations ([1], [2]). 
 
Hardcopy published curricula have linear structure (what correspond to “structure” of human 
learning process, which is linear also – we mean, human is not able to learn several mental 
knowledge simultaneously). This linear structure is logically converted to tree structure using 
chapter numbering. Tree structure presents knowledge structure of curricula, starting with the 
basic (low level) knowledge at the leaves of the tree. Upper layers of the tree group lower layer 
knowledge to the more complex knowledge.  
 
During the period of intensive development of curricula and LMS systems there was not so high 
interest in the area of knowledge assessment although some standards regarding testing were 
developed (e.g. [3]). Usually, developers did not respect testing standard and the few types of 
questions were implemented in the LMS for testing purposes only – true/false, one-from-many, 
many-from-many types. Developed tests are “flat”, usually composed as a “random” subset of 
questions, usually tight with basic knowledge, only. There is no methodology implemented in the 
LMS supporting test development, systems do not support test and question lifecycle. LMS 
systems lack functionality about statistics regarding tests and questions used (reporting 
functionality). 
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Course developers develop also tests and they are usually not aware the fact the tests have to be 
carefully developed and tuned afterwards. Every question has to be explored in the details to 
reveal and remove “hidden” meaning in the test question and presented answers. 
 
Another problem regarding knowledge assessment consists in the “complex” testing (i.e. midterm 
or end of the course knowledge assessment). Question is usually designed to prove the fact the 
students were able to remember information from the presented relevant chapter. Final course 
assessment (testing) consists of mixture of questions from chapter tests. Higher levels of testing 
questions, which are able to prove higher-level of course material understanding, are not so 
frequent. 
 
Authors’ personal e-learning experience in the frame of the one of the largest e-learning project - 
CISCO Networking Academy Program (CNAP) and also as an university teachers proved 
another aspect of testing – test questions are usually very quickly revealed after first release. In 
the global systems, what the CNAP program is, students are very often able to find questions and 
answers on the Internet. “Local test” (developed in-house by teachers) are stolen using current 
technology (digital cameras, mobile-phones). In this case, results do not reflect real students’ 
knowledge and testing is carrying the formal character, only. 
 
Mobile phone technology became phenomenon. We discovered that sometimes students are using 
mobile phones with hands-free set to get required information from their colleagues be prepared 
to consult all available resources (i.e. books, lesson notes), make a photos of the screen. We 
believe others approaches are not discovered yet. 
 
We are aware, not all type of knowledge can be assessed by computerized test. However, our 
experience in the area of information technology education convinced us in the possibility to 
fight with mentioned problems and reach quite high level of knowledge assessment. 
 
 
Advanced Knowledge Assessment Systems – requirements 
 
To address drawbacks presented in the previous section, we briefly summarize them: 

• impossibility of testing questions to demonstrate level of understanding of course 
material; 

• absence of curriculum structure (model) definition in the LMS; 
• poor set of types of question implemented in the LMS; 
• personalization of the test and (possible) strong limitation in the time; 

 
To assist developers in their work, we require following functionality of LMS in the area of 
testing: 

• testing question lifecycle support; 
• flexible way of generation of tests; 
• test lifecycle support; 
• open to incorporation of new type of testing questions; 
• support for test developers collaboration; 
• extensive reporting (regarding items, learning objects, whole test). 



 
In the next chapter we will try to introduce technologies and approaches we are regarding helpful 
in the  
 
 
Advanced Knowledge Assessment Systems – technologies 
 
To alleviate, or even eliminate, drawbacks of current LMS systems in the area of knowledge 
assessment, the approaches described bellow we regard helpful. 
 
Taxonomy of the cognitive aims. 
During the learning process human being passes several phases of knowledge acquisition– 
starting from the remembering, going through the understanding and using it in the productive 
activities, at the end. Learning process has to pass these phases which are usually named as 
cognitive aims.  
 
There are several specifications of levels of cognitive aims. We call it taxonomies. Well known is 
Bloom taxonomy [4], which defines six levels of knowledge and intellectual skills. Another one, 
widely presented in Slovakia, is Niemierko’s taxonomy [5], which define four levels. 
 
Categorization of testing question to different level of taxonomy can give us possibility to assess 
if the student reaches required level, or to find out, which level of taxonomy student reached 
during learning process. 
 
We require every question designed in the system must be assigned to particular level of chosen 
taxonomy. Several taxonomies, even defined by the user, should be supported by the AKAS. 
 
 
Definition of knowledge structure of curriculum.  
To better understand cognitive aims of curricula, map of knowledge (learning objects or learning 
items) and their relationships is useful. In this case we get knowledge structure of curricula. This 
structure must be represented as oriented graph.  
 
 File manipulation Synchronization

Shmget() shmctl() ... open() read() write() close()

 
 
 
 
 
 
 
 

Fig.1 Example of cognitive structure of the curricula 
 
We illustrate this in the short example. One of our course – Unix/Linux system programming – 
presents, among other topics, two (practically independent) topics - file manipulation and 



synchronization of processes. File manipulation topic contains learning items regarding functions 
open(), close(), read() and write(), while synchronization topic is build around the concept of 
semaphore. However, special form of open() function can be used for synchronization purposes. 
Structure of the curricula for this case is presented on the Fig. 1. 
 
We require every question to be assigned to particular node of the graph. It gives us possibility to 
specify if question tests basic or more complex knowledge. It is clear, definition of structure of 
curriculum must be supported by the AKAS. 
 
Rich set of types of questions. 
As mentioned above, many of the LMS systems provide only few types of question. As usually, it 
is true/false, one-from-many and many-from-many types. However, to evaluate higher level of 
knowledge, it will be valuable have other types of testing questions, i.e.: 

• clickable figures (allow to ask to specify required part of a figure); 
• short free text evaluated on regular expressions; 
• input for evaluation program. 

 
Possibility to incorporate on the user level evaluation program represents the most flexible 
approach. On the other side, this approach represents security risk 
 
Personalization of tests and strong limitation in the time. 
We believe, problem of cheating can be partially eliminated by strong personalization of the tests. 
It means each student have to get its own version of the test. Common approach used in the 
current systems – changing order of questions and changing order of answers in the one-from-
many and many-from-many types of question – seems to be insufficient. Solution could be higher 
variability of the testing questions – specify much more positive and negative answers for 
particular question (i.e. if we specify 3 positive and 4 negative answers for one-from-four 
question type, overall we have 12 different combinations for one question). Another solution 
could represent free answer question type evaluated by regular expression or even evaluated by 
special designed program. 
 
“On-line” cheating (using mobile phone or other on-line communication tools) can be hardly 
completely eliminated. Some technological solution can help, especially in area of limitation of 
on-line communication. But they cannot be used in all situations and some of them can be limited 
even by legislation (e.g. local cancellation of mobile signal is not allowed in the Slovakia). Time 
restriction is the means, which could help to eliminate this problem. We shall require system 
functionality to allow limit not only overall test duration, but also to limit particular questions or 
parts of tests. 
 
 
Conclusion 
 
According presented ideas we started design and implementation of advanced knowledge 
assessment system. We explore two ways: 

• extension of LMS Moodle for richer question types; 
• design and implementation of system from the scratch. 



 
First approach seems to be more productive, because of enormous amount of works involved into 
the LMS Moodle, but could be limited by its structure. Second one pretends to be solution 
covering broader functionality presented in the paper, but will require full development of the 
system. 
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