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Abstract 
 

e-learning becomes a widespread used technology. 
Knowledge assessment is inseparable part of current 
e-learning technologies However, knowledge tests are not 
developed with the adequate care. Usually they are not 
designed to reveal reached level of knowledge. Moreover, 
testing suites are very seldom reviewed regarding their 
validity and items correlation. Some considerations 
regarding grading semantic and misuse of modern 
communication technology during assessment are also 
presented. 

1. Introduction 

e-learning becomes a widespread used technology. 
Knowledge assessment is inseparable part of current 
e-learning technologies. It can be used for students’ self-
assessment to give them feedback about their progress in 
a study or (on the opposite side) for intermediate or final 
grading. Author’s experience in the area of knowledge 
assessment led to a belief the “plain” testing is usually 
used in this process. Knowledge tests are not developed 
with the adequate care. They are not designed to reveal 
reached level of knowledge according taxonomy of 
cognitive aims (if any is considered during test 
development). Moreover, testing suites are seldom 
reviewed regarding their validity and items correlation.  
“Provocative” question is grading and its semantics. 
Grading is very often required to be relative, without strict 
semantic. Of course, it is extremely difficult to say, what 
grade A (or D) means. Moreover, we know that grade A 
has different “semantics” for different classes, different 
schools, different years etc. Question is, if we need (or 
want to have) comparable grading at some situations (i.e. 
to compare different classes) or want to have any 
semantics in exam grades. 
Cheating and its ‘support’ by modern technologies, to our 
opinion, becomes a problem. Mobile phones integrated 
digital cameras give ability to take screenshots of 
questions presented to students. Tools for on-line 
communication give to students chance to spread 
information very quickly and anonymously. However, 
“cheated” exam does not assess level of knowledge but 
level of utilization of modern communication 
technologies, only. 
 

2. Taxonomy of educational objectives 

Taxonomy of educational objectives ([1], [2], [3]) is well 
known classification in the pedagogical theory. According 
[1], educational objectives of well known Bloom’s 
taxonomy are divided into three domains: 

• Cognitive; 
• Affective; 
• Psychomotor. 

Only cognitive domain of the Bloom’s taxonomy presents 
interest for the knowledge assessment. Cognitive domain 
specifies six levels [4]: 

• Knowledge: recognize or recall information; 
• Comprehension: demonstrate that the student 

has sufficient understanding to organize and 
arrange material mentally; 

• Application: a question that asks a student to 
apply previously learned information to reach an 
answer; 

• Analysis: higher order questions that require 
students to think critically and in depth; 

• Synthesis: higher order question that asks the 
student to perform original and creative thinking; 

• Evaluation: a higher level question that does not 
have a single correct answer. 

In our country (Slovakia), Niemierko’s taxonomy [3] is 
quite often cited and sometimes stated as more suitable 
for building cognitive (knowledge) tests. Niemierko’s 
taxonomy consists of four levels [5]: 

• Remembering – similar to knowledge in 
Bloom’s taxonomy; 

• Understanding – similar to comprehension in 
Bloom’s taxonomy; 

• Specific transfer – application of acquired 
information according presented patterns; 

• Non-specific transfer – creative application of 
acquired information. 

It was mentioned already that taxonomy of educational 
objectives is accepted and applied in pedagogy, but its 
application in the knowledge test design and 
implementation is not so straightforward. 



3. Knowledge assessment 

Term “didactic test” is often used in Slovak and Czech 
pedagogical community. It usually denotes process of 
examination designated for fair evaluation of level of 
mastering of a given body of material. It seems term 
“achievement test” is more frequently used in the English 
speaking countries. 
Regardless of what term is used, this type of tests is 
considered as tool of systematic measure of results of 
teaching. 
It is accepted, that didactic/achievement test has to be 
prepared according specified rules by team of specialists. 
We have to define what is measured by test, target group, 
administration of test, way of test evaluation and assumed 
conclusions according achieved results [6]. 
Test can contain closed and opened test items. Closed 
items are items for which several answers are prepared 
and participants have to decide what a right answer is (i.e. 
true-false, one-from-many choice, many-from-many 
choice, sorting, matching etc.). Opened items are items 
for which answers are not specified and participants are 
required to fill/submit right answer.  

3.1. Knowledge assessment problems 

As we can see in the previous paragraph methodology of 
design of tests is well developed. However, basic 
principles are not followed in practice during test design 
and implementation. Tests are usually developed ad-hoc, 
without clear specification of aims, using only basic set of 
question items (true-false, one-from-many choice, 
sometimes many-from-many choice). Moreover, testing 
items are usually not linked with appropriate level of 
taxonomy of cognitive aims (if any taxonomy is chosen at 
all) and they are usually developed for specific paragraph 
of curriculum only. 
As a result, questions are very often targeted to lower 
levels of taxonomy (knowledge/remembering and 
comprehension/understanding) and in such way do not 
evaluate participants’ knowledge. 
Next problem consists in processing of results of testing. 
In every test there is some grading approach specified 
during preparation of test which is applied to evaluation 
of test items and, at the end, evaluation of whole test. It 
means there should be permanent evaluation of testing 
items (to discover possible ambiguity, reveal correlation 
between items etc.).  
There are many reasons of problems specified above. One 
of them, to our opinion, is inadequate support of 
knowledge assessment test development methodology in 
the current learning management systems (LMS). Most of 
systems do not support wide range of question item types, 
systems have no support of taxonomy of learning 
objectives and test items are required to be linked to 

specific chapters, not to appropriate composite 
knowledge.  

3.2. Semantics of grading 

Grading is a process which should answer students’ 
abilities, knowledge, skills etc. In such way it could be 
used as important information in the decision process of 
external bodies. However, grading is very often required 
to be relative. It means it do not answer question about 
student’s knowledge (abilities, skills etc.) but only answer 
her/his position in selected (often later unidentified) group 
of students. 
For external bodies (next level educational institutions, 
employers) it is important to gain assessment of applicant 
personal abilities, knowledge, skills. In this case relative 
grading according selected group (class, school) is 
inappropriate. That is a reason why external bodies very 
often do not take in the account grades acquired at the 
educational institutions. 

3.3. Technological issues 

Nowadays, assessment test, as usually, are performed by 
computer systems. The most of computer systems are 
connected to Internet without any restrictions during 
testing. With increasing computer literacy it gives chance 
to participants to steal testing items and publish them 
on-line in a very short period of time. But even in a case 
of some restriction (firewalled computer class, restriction 
to use computer keyboard for closed type only testing 
suites), students overcome them by using new 
technological achievements (i.e. they take a photo of 
computer screen by mobile phone digital cameras to 
publish items on-line; use mobile phone for on-line 
consultancy). In such way students prove their 
competence in using technological achievements, but 
their test results do not reflect their knowledge (skills, 
abilities). 

4. Mitigation of knowledge assessment 
problems 

In the previous chapter we identified several problems 
related to knowledge assessment: 

• Poor support of knowledge assessment 
methodology by current learning management 
systems; 

• No semantics of grades; 
• Technological issues. 

In this chapter we try to discuss some solutions to 
identified problems. 



4.1. LMS functionality for assessment 

Learning Management Systems (LMS) have evolved to 
matured systems in the area of course development during 
last ten years. They often support some methodology for 
course development and provide either integrated or 
external authoring tools for course development. 
However, it is hard to find any methodology implemented 
to LMS regarding knowledge assessment. Our basic 
requirements for knowledge assessment module of 
learning management systems regarding implementation 
of assessment methodology are: 

• Definition of taxonomy of cognitive aims; 
• Definition of cognitive structure of curricula in 

addition to ordinary structure of curriculum; 
• Requirement to link each testing item to 

appropriate level of taxonomy and appropriate 
node of cognitive structure of curriculum; 

• To provide rich set of question item types, 
including open items; 

• To support item and test life-cycle support; 
• To support functionality for teamwork 

development of tests; 
• To provide well-developed approaches for items 

and test statistics. 
Definition of taxonomy of cognitive aims gives possibility 
to developers of tests to choose appropriate taxonomy 
according their needs. System besides “flat taxonomy” 
(commonly used nowadays, contain only one level) 
should provide Niemierko’s and Bloom’s taxonomies at 
least. It is wise to give the chance for developers to define 
their own taxonomy according their needs. 
Purpose of definition of cognitive structure of curriculum 
is to specify composite knowledge as knowledge built on 
any combination of elementary and other composite 
knowledge. Purpose of composite knowledge is to link 
testing item to several “elementary” and composite 
knowledge concepts stated in the curriculum 
Linking each testing item to appropriate taxonomy level 
and curriculum cognitive structure node enable more 
powerful generation of testing suites, including adaptive 
test. 
Rich test item types give developers chance to increase 
number of possible question items for particular 
knowledge node. Especially, open items can provide 
solution for overcoming some problems. During last few 
years several systems for source-code assignments 
submitting and assessment were developed. Such 
approach provides flexibility, but need some other tools 
for evaluation (i.e. plagiarism discovery). 
Test development is time consuming process carried out 
by team of developers. It means not only whole test but 
individual item also can be developed, reviewed and 
tested (debugged) by several persons. As a result, 
individual items and test in the whole have to pass several 
phases than reach final phase when they can be used in 

regular testing process. These phases have to be reflected 
by LMS in the item and test life cycle support. System 
also should support items versioning to have history of 
the item development registered. 
To ensure quality of testing items various statistics about 
them is necessary. 100% answered items may not be 
useful, 0% answered items may be incorrect, or not 
reflected material presented in the curriculum. Some 
items can give answer to other items. All this fact (and 
probably many others) should be discovered by detailed 
statistics. 

4.2. Application of assessment functionality 

Application of functional model stated in the previous 
section can provide “added” value for knowledge 
assessment test development. 
Linking testing items to specific level of cognitive 
taxonomy give possibility to better select corresponding 
items. For example, it gives possibility to test 
“knowledge” of participants after lectures but before 
seminars. Next test can be targeted to comprehension (or 
higher) level. Moreover, different levels can be combined 
for different part of curriculum. This model seems to be 
suitable for building adaptive test also. We can start from 
any level and according correctness or incorrectness of 
participant’s answers we can adjust level of following 
items presented to tested person. 
Linking testing items to taxonomy of cognitive aims give 
test developers possibility to specify items for evaluation 
not only of elementary knowledge but also of composite 
knowledge. We assume closed question items will be 
suitable for elementary knowledge nodes and open 
question items will be more suitable for composite 
knowledge nodes. 
Combination of two approaches just stated above can give 
opportunity to develop test composed of different 
cognitive levels for different knowledge nodes (i.e. at the 
beginning of seminar we can provide test, which examine 
knowledge level for the current course content, but 
comprehension or even higher level of knowledge for 
previous course content). 

4.3. Semantics of grades 

Application of taxonomy of cognitive aims gives us 
possibility to attach semantics to grades. Let’s take 
Bloom’s taxonomy. We can attach grade “A” to highest 
level of taxonomy and grade “E” to lower levels of 
taxonomy (knowledge and comprehension). In such case 
grade can provide valuable information for external 
bodies about knowledge and abilities of interesting 
person. Idea of composite grading – relative and 
taxonomy reflecting – can also be considered. 



4.4. Mitigation of technological issues 

Mitigation of technological issues are challenging task. 
Probably, it is impossible to eliminate them completely. 
But limitation of time for test completion and strong 
personalization of testing suites (each participant receive 
its own not repeated copy if the test) can provide some 
solutions. Large number of “equivalent” items (items 
attached to same taxonomy level and same node of 
cognitive structure of curriculum) can eliminate stealing 
of items. Alternative types of items (i.e. items with 
pictures) including open items can mitigate on-line 
consultancy. 

5. Conclusion 

Presented ideas reflect author’s current experience in the 
area of knowledge assessment. We just started to evaluate 
possibility of implementation of presented ideas in the 
real environment. Nowadays we explore LMS Moodle to 
try to develop plug-in modules implementing presented 
ideas. 
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