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Abstract. The paper deals with the problem of evaluating the quality of distance learning. A 
solution is proposed that is based on pattern recognition method. It is realized in a number of 
learning systems concerning high level programming languages. Special emphasis is given to 
algorithms that substantially substitute the work of experts when forming state classes of 
diagnostics objects. 

1. Introduction 
In the globalization process the greatest success is achieved by companies that can continuously ac-

quire new knowledge, update their structure and functions in alignment with the dynamically changing exter-
nal environment. Such companies are generally called “learning organizations” [2]. The major components of 
their activity are knowledge accumulation, its delivery to the interested personnel and quality check of the 
material being learned. Quality evaluation is particularly important because it directly influences implemen-
tation of new business processes and quality of the products. 

Evaluation of the quality of mastering new knowledge is one of the major factors for assessing effi-
ciency of knowledge processing systems. At present this problem is being solved mainly with the help of 
threshold tests and a final exam [1]. But when it is necessary to simultaneously train a large number of people 
(thousands of people in corporations), inefficiency of exams may be observed because it is easy to falsify the 
results of distance learning tests [1]. This fact led to devaluation of certificates obtained online.  

For improving validity of exams some companies use rating methods that made a good showing in 
internal education. In knowledge processing systems they turned out to be ineffective due to impossibility of 
conducting an online analysis and explanation of the result, complexity of developing rating methods [2]. At 
present there is a need for a method that will help to increase efficiency of online testing by modeling the 
quality of training and its representation in the form suitable for perception and analysis. Together with the 
results of exams this will allow to make a reasonable conclusion concerning quality of employees’ know-
ledge [3]. A possible solution of the problem based on pattern recognition is proposed in this paper. The ap-
proach was implemented when developing learning systems for high-level programming languages. 

2. Problem statement  
In light of modern concepts of educational psychology and didactics learning includes knowledge 

subject to mastering and activities based on the knowledge. The final goal of learning is formation of an ac-
tion realized through skills [1,2,3]. Action is a unit of activity. Taking into account all actions during learning 
it is possible to evaluate quality of the process. Within this view we will state the problem of the evaluation 
of learning quality. 

Conceptual statement of the problem is quite simple. There is learning material (therein after “con-
tent”) formed by an expert in accordance with a certain procedure and supplied to the trainee through the 
network. It is necessary to develop a procedure for evaluating learning quality (actually, the quality of trai-
nee’s communication with the content) before exams.  

By quality in this case we will understand: 
• the fact of looking-up logically isolated elements of the content in the suggested sequence; 
• trainee’s activity at content points requiring his activity in accordance with the logics of the scenario; 
• trainee’s activity at the so-called hidden points of the content explicitly not requiring activity but presum-

ing it in real training. 
At activation all above-mentioned content elements generate certain values (chapter number change, 

an answer, pause button pressing, etc) that in principle can be fixed and evaluated. Any content fragment 
involving the trainee in some actions and generating certain values we will call “points of activity”. A set of 
X values obtained at points of activity and normalized (reduced to equal dimension) will rather closely cha-
racterize the learning process and the trainee. In fact, vector X = {X1,X2,…,Xn}  represents prints (by analogy 
with finger-prints in biometrics) obtained in the process of studying n separate parts of the content that ac-
tually can’t be falsified.  

Such approach allows to define more precisely the stated problem in the following manner. 
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There is an object (content) P, the state of which is described by a set of diagnostic signs X = 
X1,X2,…, Xn. Depending on X values an object can be in one of  k state classes determined by the expert. The 
classes are named by marks S1,S2,…,Sk.. It is necessary to build  learning samples S’ = S’0,S’1,…,S’n and a 
decision rule f (X,S) allowing to refer X to one of S classes.  The samples and the rule should correspond to S 
marks. 

The described statement has much in common with the classical statement of pattern recognition 
problem thus making possible to use the corresponding solution methods.  

3. Solution method 
Using k values we will determine in the online process names (marks) k of classes S1, S2,…,Sk, that 

will characterize the quality of learning (e.g.:  <excellent>, <satisfactory>, <unsatisfactory>) by means of the 
following algorithm: 

i := 1; 
M: Output (‘class name’, i); 
Input (S[i]); 
i := i+1; 
if i < k then goto M:  
end; 

Formation of X vector takes place in the course of communication of the trainee with the content  
involving points of activity. Because the generated values may belong to different types of data the values 
should be normalized. To accomplish this use is made of elementary algorithms, e.g.: 
/ point of activity generates R value/ 

case R of 
  ‘r‘:  X[i] := 0.0; 
  ‘s‘: X[i] := 0.5; 
  ‘i‘:  X[i] := 1.0; 
end; 

If a quality pattern X  and a number of classes к are known, then it is possible to form patterns (vec-
tors) of possible states S1, S2,…,Sk. Taxonomic methods can be used for classification. To construct refer-
ence vectors S’0,S’1,…,S’n corresponding to marks S1, S2,…,Sk without a teacher it is assumed to use the 
following algorithm based on the number of classes  k defined by the expert:  

i := 0; 
step := 1/(k-1);     / computation of scaling step / 
M1: i := i+1; 
sign := (i-1)*step; / computation of the value for  elements of  i reference vector / 
j := 1; 
M2: S’[i,j] := sign;  / assignment  of sign value to  i element of  i vector / 
j := j+1; 
if j < k then goto M2; 
i := i+1; 
if i < n then goto M1; 
end; 

Use of the algorithm allows to exclude time-consuming process of reference vector formation made 
by the expert. 

The presence of the source vector X and matrix of reference vectors S’ allows to carry out classifica-
tion.  For this purpose it is necessary to introduce the notion of object similarity.  Each cluster  should contain 
objects having similar characteristics. For quantitative assessment of similarity  the notion of metrics is intro-
duced into the cluster analysis, similarity or difference between objects is evaluated by metric distance be-
tween them. If each object is described by n signs, then it can be represented as a point in n-measured space. 
The similarity with other objects will be determined as a corresponding space, e.g. Euclidean space: 

D (X,S’) = ∑
=

n

1j
iji )'S-(x 2 

The goals at the final stage of recognition: 1) to obtain an identifier of S’[L] class the space to which 
from X is minimum; 2) by the number of L element to obtain the value of the class name S[L] the result of 
which will be an integral estimate of learning quality. 
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The described technology is simple but greatly hampers the possibility of falsifying the result  of 
learning quality evaluation because the integral estimate is formed on the basis of learning diagnosis and ex-
am results.  

Fig. 1 illustrates real data obtained in the course of checking the quality of retraining personnel of IT 
company when changing the programming platform from Java to C#: 

Subject: 
<C#>

Tests:  <good>
Exam: <excellent>

1.0  excellent

0.5   good

0.0  unsatisfactory

Diagnosis: <unsatisfactory>

Training quality
<C#>

0                                                          17                              

0                                                          17                              

C
L
A
S
S
E
S

 
Fig. 1. An example of learning evaluation. 

At large-scale learning it is easy to single out “risk groups” by automatically compare exam results 
with the result of learning evaluation. For example, an examiner, having obtained data shown in Fig.1, may 
draw a conclusion concerning a possibility of  exam falsification.   

The technology described above agrees well with modern standards of context formation SCORM 
in XML format. Multimedia insertions are realized in Shockwave, all types of dynamic behavior and its eval-
uation, including the above algorithms, are carried out by means of  Java and Java Script technologies. 

4. Conclusion 
Diagnosis of  retraining quality of distributed personnel is the weakest chain when developing foun-

dation of knowledge processing systems. The existing solutions are based on learning results obtained in the 
process of testing.  

The present paper is aimed at the solution of quality problem through diagnosis of the learning 
process supplementing it with exam results. The solution is based on algorithms of forming possible state 
classes of learning quality and the decision rule of assigning the current state to a possible one.  

The proposed solutions are implemented in actual systems thus indicating their utility in the solution 
of similar problems.   
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