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Abstract. Knowledge assessment is inseparable part of current e-learning technologies. It can be used 
for self-assessment of students to give them feedback about their progress in a study or for an 
intermediate or final grading. However, knowledge tests are not developed with the adequate care. 
Author’s experience in the area of knowledge assessment led to a confidence the “plain” testing is 
usually used in this process. Knowledge tests are not designed to reveal reached level of knowledge. 
Moreover, testing suites are very seldom reviewed regarding their validity and items correlation. 
Paper presents approach for design and implementation of knowledge assessment testing item which 
can be regarded as testing item for evaluation of reached knowledge at highest level of cognitive 
taxonomy. 
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 1.  INTRODUCTION  
 

E-learning proves itself to be viable way of study, which 
can support classical approach and in some cases can be 
fully exploited for education. Knowledge assessment 
represents inseparable part of current e-learning 
technologies. It is usually used for self-assessment of 
students to give them feedback about their progress in a 
study or for the intermediate or final grading. However, 
knowledge tests are very often not developed with the 
adequate care. Author’s self-experience in the area of 
knowledge assessment led to a confidence the “plain” 
testing is usually used in this process. It means, testing 
suites are not designed to reveal reached level of knowledge 
according taxonomy of cognitive aims. Moreover, they 
(testing suites) are very seldom reviewed regarding their 
validity and items correlation. 
 
Another problem is increasing amount of students. The 
most of the Slovak universities accepted obligation 
stemmed from Bologna declaration and introduced three 
level study structure for university education 
(undergraduate, graduate and doctorate studies). This 
transformation requires restructuring of educational 
plans/programs. However, restructuring of educational 
program sometimes leads to parallel courses in both new 
and old study program. As a result number of students 
subscribed to some subjects is significantly increasing. At 
the same time the ministry of education introduced new 
criteria for financing of universities. Significant amount of 
money are granted to universities based on number of 
students finished first year of education. 
 
Knowledge assessment is an inseparable part of education.  
During the past years, there was necessity to interview 
every student at the end of the semester to reveal the level 
of knowledge she or he reached (credit assignments and 
exams). However, assessment of knowledge based on 
interview results may be quite subjective. The situation may 

be worst if the interview is based on different source 
conditions (in the case of credits - assignments assigned to 
students during the semester). 
 
That was the situation regarding an Operating Systems 
subject taught at our department. Students were assigned 
two assignments – the first one regarding various aspects of 
FAT (File Allocation Table) file system and second one 
regarding use of UNIX/Linux system calls. The both of the 
assignments did not require students to present overall 
knowledge of the materials taught at the seminars but the 
small part of it only. Moreover, they were not completely 
balanced in the sense of difficulty – some of the 
assignments were more difficult than others. 
 
To solve presented drawbacks of the assignments we 
decided to develop two complex assignments. The main 
goal was to deeply verify students’ knowledge regarding 
FAT file system and UNIX/Linux system calls. 
 
Paper describes the approach we chose for knowledge 
assessment in the area of the FAT file system. Presented 
approach allowed us to teach about five hundreds of 
students during the semester when course was taught in 
parallel for students at second and third year of education. 
Nowadays we teach about 150-200 students regularly and 
number of students is increasing from year to year. 

 
 

2.  TAXONOMY OF EDUCATIONAL OBJECTIVES 
 

Taxonomy of educational objectives is well known 
classification in the pedagogical theory. They try to specify 
path (phases) learner must pass through to achieve some 
level of knowledge. The higher level knowledge is always 
built on the lower level knowledge. It means, learner who 
reach specific level of knowledge is expected to be able to 
demonstrate proficiency in any of the lower levels of 
taxonomy. 
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The most known taxonomy seems to be Bloom’s taxonomy 
[1] and its revisions [2]. In our country (Slovakia), 
Niemierko’s taxonomy [3] is quite often cited and 
sometimes stated as more suitable for building cognitive 
(knowledge) tests. Paper [10] specifies some other 
taxonomies (Tollingerova’s, Bespalko’s and SOLO), which 
are widely used in the design of courses and development 
of assessment tests. Specifics about computer science 
related courses and suitability of presented taxonomies are 
also discussed and presented in some examples. As a result, 
new taxonomy for computer science is presented in [10]. 

Besides several taxonomy approaches and modification of 
the taxonomies mentioned above, we will concentrate on 
“basic” taxonomies.  

Bloom’s taxonomy 
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 
according Bloom’s taxonomy 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. 

 
Niemierko’s taxonomy 
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. Moreover, 
positioning testing item to particular level can be very 
specific in technology or computer science, as discussed in 
[10]. 

 
 

 
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], [7]. 
 
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. 
 
Bloom and his team already in 1956 discovered that 95% of 
testing items requested students to recall information only. 
It seems situation is not change dramatically to present 
days. Problem lays, to our opinion, in current testing tools, 
which do not support testing items for higher levels of 
cognitive taxonomy. Such testing items require open 
answers and their evaluation can be extremely difficult. 
 

 
4.  FAT KNOWLEDGE EVALUATION 

 
To evaluate knowledge regarding functionality of FAT file 
system we requested our students to design and implement 
computer program for transfer files from hosting operating 
system to image (exact copy of file system stored in the 
regular file) of FAT file system (emulated FAT file system). 
 
Required knowledge
FAT file system comprise several data structures and basic 
but also complex algorithms. Basic data structures: 

• Bios Parameter Block (BPB) – base data about file 
system; 

• File Allocation Table (FAT) – contains data about 
allocation of clusters to file; 

• Root Directory (RootDir) – root of hierarchical file 
system; 

• Area of clusters - data area, where raw data from 
files and directories are stored; 

• Directory Entry structure (DirEntry) – item , where 
data about certain file are stored (name, attributes, 
size of file, date etc); 

• Directory structure – array of DirEntries, which 
contains data about all files in the directory. 
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Basic algorithms: 

• Reading of BPB and calculation of basic 
information about file system (starting point of 
FAT, RootDir, area of clusters, number of 
DirEntries in RootDir); 

• FAT operations (read item corresponding to 
cluster, read next FAT item; find free FAT item) 

• Reading/writing one cluster of data; 
• Finding file in the directory by scanning all valid 

DirEntries; 
 
Complex algorithms: 

• Finding relevant directory by recursive search of 
directory tree; 

• Finding chain of clusters (FAT items chain) 
comprising data area of the file; 

• Read file content; 
• Create DirEntry; 
• Write file content. 

 
Knowledge mapping to relevant taxonomy levels 
Students are required to pass all 6 levels of Bloom’s 
taxonomy to solve presented task: 

• knowledge – students have to learn structure (BPB, 
FAT, RootDir, cluster organization, DirEntry etc) 
of all versions of FAT file systems (FAT12, 
FAT16, FAT32) and basic operational algorithms 
(reading of BPB, FAT item, cluster data based on 
its number etc); 

• comprehension – students have to demonstrate 
their understanding of purpose of every part of the 
FAT file-system, relationships between its parts, 
their mutual dependency; 

• application – students are required to apply 
acquired knowledge in the process of (re)design 
and (re)implementation of basic algorithms which 
operate on FAT file system structures; 

• analysis – copying file from host file system to 
image of FAT file system require detailed analysis 
of operation of FAT file system (reading BPB; 
extraction of file system parameters; localization of 
FAT table, root directory and first data block – 
cluster; processing of directory; recursive 
localization of cluster corresponding to relevant 
directory; etc ); 

• synthesis – based on performed analysis and basic 
building blocks prepared in the early phases 
students are required to “synthesize” computer 
program for specified purpose; 

• evaluation – as was stated above, this level of 
taxonomy requires questions that do not have a 
single correct answer. Implementation of complex 
computer program never has single solution. It can 
be carried out by many different ways (what is 
used for plagiarism detection).  

 
Some authors require for evaluation level of Bloom’s 
taxonomy even higher knowledge – to be able to compare 
effectiveness of two or more programs performing the same 

task. In this case we should position our assignment to 
synthesis level.  
 
Similar specification of required taxonomy level can be 
presented for the Niemierko’s taxonomy. Just to prove it – 
we require students to creatively apply acquired knowledge 
regarding FAT file systems what means the highest level of 
Niemierko’s taxonomy - Non-specific transfer. 
 
Evaluation of assignments 
Students submit their solution in the form of the C/C++ 
source code program to assignment tracking and evaluation 
system. There are several requirements which must be 
followed by students during coding and submitting their 
work in order the system would be able to evaluate their 
solution. Students are not limited by number of submission 
attempts. 
 
Each student’s submission is compiled and carefully tested 
in the secured environment. Assignment submitted by 
student is executed several times. Any single execution is 
performed with different parameters – image of FAT file 
system and specification of files which have to be ‘read 
from’ or ‘write to’ emulated FAT file system. Detailed 
protocol from the assignment evaluation process is provided 
to student. Moreover, students are able to include their own 
outputs at any place in the source code. 
 
Source code submitted to the system can be considered as 
answer to open testing item. Such type of item must be 
thoroughly analysed and evaluated. In our approach (in the 
area of FAT file system operation assignment) evaluation is 
based on parallel “inverse” execution of required operations 
with “baseline” program prepared by the item developer. 
Inverse execution means different things for ‘read from’ or 
‘write to’ assignments. 
 
In the case of ‘read from’ assignment, some files from the 
host file system are copied to emulated FAT file system 
(‘written to’ - that is a reason we call it “inverse” operation 
to ‘read from’ assignment). Such emulated FAT file system 
is provided to evaluated program together with possible 
wildcard specification of files, which should be extracted by 
student’s program. After extraction, number of extracted 
files, their names and content are compared.  
 
In the case of ‘write to’ assignment, preliminary emulated 
FAT file system is provided to evaluated program together 
with possible wildcard specification of files, which reside in 
the host file system. Student’s program is required to place 
(write) relevant files to emulated FAT file system. After 
execution of student’s program, FAT file system image is 
analysed by extraction of relevant file (‘read from’ – again, 
that is a reason we call it “inverse” operation to ‘write to’ 
assignment). Number of extracted files, their names and 
content are compared. 
 
Lessons learned
Initially, student, who submitted assignment and her/his 
assignment was evaluated successfully, was considered 
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having appropriate knowledge regarding FAT file system 
and its operation.  
 
However, anti-plagiarism feature, built in the assignment 
tracking and evaluation system discovered, that only 10% 
of students really designed and developed their 
assignments. The rest were plagiarism - source code was 
usually taken from colleagues, very often slightly modified. 
To be correct, it is necessary to say, that students were 
allowed to use “third party solutions”, but they were 
required to understand it. That was not the case of the most 
of detected plagiarisms. 

 
 

5. CONCLUSION 
 

Our experience show that presented approach requires very 
carefully prepared text of assignment. In the first version of 
assignment there were not exactly specified all necessary 
condition. This problem was solved by forum, where 
students asked about ambiguities and where explanations 
were provided. 
 
Based on the experience learned from running FAT 
knowledge evaluation assignment, we decided to split 
assignment to several simplified assignments in the future. 
We plan to assign basic algorithms tasks, corresponding to 
lower levels of Bloom taxonomy (levels 1-3) during the 
first half of the semester as a separate assignment(s). Later, 
during the second part of semester we plan to require 
students to solve more complex tasks, corresponding to 
upper levels of Bloom taxonomy (levels 4-6). 
 
Presented assignment was introduced in the Operating 
Systems subject in an academic year 2003/2004 together 
with implementation of Assignment tracking and evaluation 
system [9]. In academic year 2006/2007 we were able to 
manage students in two parallel courses, because of 
transition to three level study (3rd year students in old 
programme, 2nd year students in the new programme). 
During that period we served more than 500 students. 
Overall we served more than 1000 students by presented 
system. 
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