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Abstract: The paper deals with assessment of educational process. Specifically, monitoring and testing of students' 
knowledge, of professional and personal skills/abilities are in the focus of the study. A new assessment approach 
called Mixed Diagnostic Testing (MDT) is discussed in the paper. The approach combines two known testing concepts: 
unconditional testing and conditional testing. In the unconditional testing, each next question of the test sequence is 
independent of previous test results; in contrast with it the conditional testing includes a sequence of questions 
strongly connected with the previous test results. The proposed approach provides designing of an individual learning 
"trajectory" for each student. According to our hypothesis, such a trajectory is especially important since it allows 
personalizing the learning process, thus increasing its efficiency. The paper provides theoretical analysis of the MDT 
approach, as well as of its implementation in a certain academic course “Information technologies”. For preparing 
(constructing) of mixed diagnostic tests,   experts' knowledge of specific subjects should be utilized. It is shown, that 
the use of MDT effectively supports and facilitates development of curriculum. The MDT reduces both time and cost 
expenses for organization and management of the educational process. Since the MDT may actually replace a teacher in 
the teacher's function as a consultant, the proposed approach is especially promising in the blended learning. 
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Introduction 
 
Emerging information technologies provide a number of innovative and very promising technologies 
for teaching and learning. A significant group of the technologies are related to the distance, on-line 
education or to the education involving limited interaction between students and teachers. During the 
last five years, so-called Web 2.0 technologies have become ubiquitous (Levin & Kojukhov, 2013). 
Such technologies affect both the educational practice and the principle approaches to the distance 
education by improving collaboration which is a very important component of education. At the 
same time, the problem of evaluation and improving efficiency of the educational process becomes 
actual even more than in a conventional class, due to absence of the teacher in such a class.  
 
The concept of blended learning, which is a learning combining both education and training, was 
introduced in (Bliuk et al, 2007). Being a new theoretical concept, at the same time the blended 
learning is a popular approach both in a higher education and in an industrial training. 
 
In general, the blended learning corresponds to an integrated learning environment, which combines 
e-learning with traditional classroom teaching (Graham, 2006). One of the main problems of high 
school is to develop mechanisms for effective training a large number of students by a wide diversity 
of tasks (Singera and Stoicescu, 2011). 
 
The simplest example of the blended learning is using diverse resources and methods within the 
structured and targeted syllabus. Despite of the variety of information technologies (including 
methods of artificial intelligence),  methods for diagnostics of the gained knowledge in the teacher-
student interaction are not developed enough. The development of such methods is highly time-
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consuming and requires considerable efforts (Brusilovsky et al, 2006, Uskov and Uskov, 2010). 
 
Students of different abilities have diverse preferences in learning and achieving goals of lessons. 
Ausburn (2004) used a questionnaire aimed to study students’ abilities, such as the initial level of 
their knowledge, skills, and experience. Orientation on student's particular interests and capacities 
should make the learning process more effective. Any graduate student (a specialist) should rely on 
experience and skills obtained at a higher school to find the proper solution of educational and 
industrial tasks. Moreover, the specialist should understand very clearly why and how he/she will 
use the obtained knowledge, professional and personal skills, and abilities to reach his/her goals. 
Bliuk et al (2007) identify four different ways to define the blended learning. The blended learning 
can be considered as: a) combining modes of web-based technology; b) combining of various 
pedagogical approaches; c) combination of any forms of instructional technology with a face-to-face 
instructor-led training; or d) combination of teaching with practical work. 
 
In our paper, we propose a new approach for training and testing. The approach is based on so-called 
mixed diagnostic tests (MDT) introduced in (Yankovskaya et al, 1996, 1997, 2009, 2010, 2011). The 
MDT uses both conditional and unconditional components of training. 
 
The blended learning is known as the learning with a high level of redundancy of possible learning 
trajectories. An important example of the blended learning with high level of redundancy is learning 
subjects owing multiple representations (Levin and Levit, 1998; Levin et al, 2004). In (Yankovskaya et 
al, 2013) the MDT is used in order to design specific trajectories of students’ educational processes.  
 
For effective implementation of the MDT approach, a number of tasks have to be solved: а) providing 
students with an instrument for designing their own learning trajectories; b) providing interactions 
teacher-student and student-student; and c) increasing accessibility of information.   
 
The main idea of the present study is to make the MDT process transparent for students studying the 
same topic. It provides the students with a possibility to collaborate not just with the teacher but also 
with one another, comparing their own results and achievements.  
 
Problem Background 

 
The modern society involves dynamic, frequently unpredictable changes, which call for students and 
graduates to be able to solve different educational and professional tasks (Singera and Stoicescu, 
2011). It should be noted that the blended learning requires broadening of the range of skills, 
experience and competence both of teachers and students. 
 
In (Yankovskaya, 1996), the mixed diagnostic test was proposed as a new approach of intelligent 
systems design. The approach is based on pattern recognition methods. Implementation of the MDT 
in intelligent learning and training systems was presented in (Yankovskaya, 2011), (Yankovskaya and 
Semenov, 2013). 
 
Unfortunately, presently available testing methods motivate students very insufficiently. The main 
advantage of the MDT approach is in providing flexibility in designing of learning trajectories. 
According to our hypothesis, more flexible leaning trajectories allow increasing motivation of 
students and improving quality of the learning process. 
 
Any academic discipline may be represented as a structure comprising a sequence of content blocks. 
In order to formalize description of such a structure, it is accepted to associate each of the content 
blocks with a specific didactic unit. A sequence of didactic units can be either arbitrary, or be 
dependent on the students' abilities expressed by their success in studying previous didactic units.  
 
In turn, for each student, the study of individual didactic units can be represented as the sequence of 
independent content blocks of the course. The MDT can be applied for development of separate 
didactic units. 
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Basic Concepts and Definitions 

 
In our paper, the following main concepts are used (Yankovskaya, 2011), (Yankovskaya and 
Semenov, 2013): 
 
Respondent - a person participating in a testing process. 
 
Diagnostic test - a set of test tasks, that is able to identify such material of the course, on which the 
respondent has failed. 
 
Mixed diagnostic test - a diagnostic test comprising a sequence of test tasks built on the base of results  
of performing previous tasks by the respondent.   
 
Unconditional portion of (diagnostic) test (UCT) is a portion of the test that includes tasks being 
independent from previous test results. UCT allows a concurrent representation of its constituent 
tasks. 
 
Conditional portion of (diagnostic) test (CCT) is a portion of the test that includes tasks, sequence of 
which depends on previous test results. The CCT is characterized by the sequential representation of 
test tasks. 
 
MDT tree - a structure representing relationships between separate blocks (tasks) of the MDT. The 
root node is associated with the unconditional component of MDT. Each of the remaining nodes is 
associated with either unconditional or conditional component of MDT. The MDT tree edges define 
connections between nodes (components of the MDT). 
 
The Problem 

 
Developing the mixed diagnostic tests (MDT) is in the focus of our research. Additionally, we study 
the way of MDT implementation by using some specific didactic unit of the course "Information 
Technology".  
 
The course "Information Technology" of the Computer Engineering BSc curriculum is used in our 
study. The MDT for the course has been developed by a group of highly qualified Information 
Technology experts. 
 
Description of the Test Structure 

 
Traditionally, the study of the discipline "Information Technology" is assessed by a grading test. 
Presently, the test uses Moodle in majority of universities. Some of the Moodle test tasks were used 
for developing the MDT. The tasks were proposed to the students of  the Tomsk State University. 
Each test task includes a question and a certain set of possible answers. In a number of tasks, students 
were asked to formulate the correct answer themselves. In our study, four standard forms of test tasks 
were used. These forms are:  
a) a closed form with the only answer,  
b) a closed form with multiple answers,  
c) a matching test,  
d) a sequential test. 
 
The test consists of 25 questions. Each of the questions is chosen randomly from a certain category of 
questions. Results of the test were assessed by a five-point grading scale. 
 
Results of a statistical analysis of the test tasks provided by the Moodle are shown in Fig. 1. 
 
Statistical analysis of the test indicates that some test tasks have low discriminative efficiency for 
tracking of the knowledge perceiving. However, they may be useful for managing the educational 
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process, since their facility index indicates the level of complexity of the tasks. 
 

 
Figure 1. Statistics for question positions 

 
An MDT tree created for a specific topic “processing of text by using Word” is shown in Fig. 2. The 
study of the topic should form a system of knowledge about the principles of working with electronic 
text documents and the basics of personal information management. All nodes of the tree are 

numbered. Symbol iu  is associated with the unconditional components, ic  – with the conditional one. 

Table 1 shows the correspondence between the test tasks and  the MDT. 
 

Table 1. Test tasks and MDT 
Test question 

number 
 
The questions in the MDT 

6 Paragraph - Attributes 

7 Symbol - Attributes 

8 Section, List, Paragraph - Attributes 

18 Style, Standard styles,  Standard Table of Contents 

19 Form, Template, Reference 

23 Bibliography, Reference to a Bibliography 

24 Paragraph - Attributes 

 
In the test tree shown in Figure 2, five unconditional components are highlighted. Both the learning 
and the testing start from the first unconditional component “Formatting”. The next level of the test 
comprises 4 unconditional components: “Symbol”, “Paragraph”, “Special Parts of the Document”, 
“Automatic Document”. On this level, any of the unconditional components can be selected. The 
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average assessment is followed by fulfillment of tasks of the unconditional portion of the test.  
 

 
 

Figure 2. Mixed diagnostic test tree 
 
The further testing is implemented on the base on the above assessment. The further testing direction 
starts from the certain selected unconditional component to the conditional components associated 
with this component. At each successive stage of the testing, just one test task is proposed. The task is 
assessed, and then the testing propagates on the selected branch of the test tree. In the case of failure 
on a certain task, the respondent is redirected to the relevant section of the course for additional 
studies. If the respondent is still unable to solve this problem alone, he/she is given an opportunity to 
ask a teacher. 
 
There are three nodes that include a number of input edges. For example, “Outline” and “Headline's 
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References”. Tasks corresponding to such nodes can be performed only after passing all the higher 
branches of the tree. 
The above strategy of passing the test allows creating the final assessment as an integrated one that 
includes results gained at each level of the test. Notice that the described procedure also provides a 
possibility to study the learning and testing processes for further cognitive analysis of students’ 
achievements.   
 
In the next section, we describe an algorithm for implementing the proposed approach. 
For simplicity, we use the same numbering of the MDT tree nodes as shown in Fig. 2. 
 
Construction of MDT tree Data Structures  

 
For each unconditional and conditional test components, a so-called coefficients matrix of the correct 
answers has to be constructed. The matrix comprises weights of the questions (Table 2) (Yankovskaya 
and Semenov, 2013). 

 

Table 2. Coefficients matrix 
 

 1  2  … j  … k  weight 

1  11a  11a  … … … 11a  1w  

2  11a  11a  … … … 11a  2w  

… … … … … … … … 

i  1ia  2ia  … ija  … ika  iw  

… … … … … … … … 

n  1na  2na  … nja  … nka  nw  

 
Rows of the matrix are associated with the test tasks proposed to a respondent while passing a test 
component, the columns – the index (number) of respondent’s answers, n  – the number of questions, 

2k  – the maximum number of possible answers (both correct and incorrect answers). Answer's 

weight iw  has to satisfy the condition 10  iw for any i . 

 

For test tasks of so-called closed type, with the only possible answer, k  is equal to the amount of the 

proposed answers. For test tasks of the closed type with multiple answers: 



m

i

i
mCk

1

, where m  – the 

number of answers. For example, for the test tasks like comparing two lists: !lk  , where l  - the 

length of the list. For the test tasks like recognition of the correct sequence: !sk  , where s  – the 

number the sequence elements. 
 
A matrix element at the intersection of the i -th row and the j -th column specifies weight of the j -th 

answer to the i -th question. It should be noted that the total number of answers to different questions 

may be different, and, as a result, the matrix may contain empty elements. 
 

In addition to the above-described matrix, a so-called threshold assessment of learning material tp , 

where t  - the number of MDT tree node, has to be specified. 
 
Test Strategy with Saving Results 

 

Let the testing always starts at the node 1u . The respondent is given all the tasks of the test. The 

respondent's answers are registered as a pair )(, iji , where i  - the number of the question, )(ij  - the 

number of the selected answer to the i -th question. This information allows reconstructing the 

process of passing the test by each student. According to the test results, an intermediary assessment 
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is calculated ./
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The assessment is compared with a threshold value 
iup , by using methods of fuzzy logic and 

threshold logic (Varshavsky, et all, 2003). After that, any other unconditional test component is 
performed. This component is determined according to the MDT tree. It is obvious that sometimes an 
additional study of the relevant part is required (Yankovskaya, 2011), (Yankovskaya and Semenov, 
2011, 2013). 
 
Similarly, every other component of the unconditional test is tested. Some differences have to be 
mentioned for cases when the node with a conditional component is reached. 
 
The concept of MDT assumes that only one question is selected from the conventional components of 
a test. The corresponding answer determines the direction of a so-called tree pass. The respondent’s 

answer is registered as a pair )(, iji , where i  – the question number, )(ij  – the number of the chosen 

answer. On the base of the test results, the intermediary assessment is calculated iijic waE
q

 )(, . It is 

compared with the corresponding threshold value 
qcp , where q  is the number of a chosen 

conditional component. After that, another component is performed. This component is determined 
according to the MDT tree. Sometimes, an additional study of the relevant topic is recommended. 
Notice that if there are a number of questions corresponding to the set of conditional components of 
the topic, these questions are supposed to have the same weight. Only one of them is chosen 
randomly for the testing. 
 
Since the evaluation of test results is produced for each traversed node of the test tree, the total 
assessment is gradually accumulated and, if necessary, the learning can be interrupted at any level, 
with further continuation from the point of interruption.  
 
The proposed technology assumes that both the intermediate and final assessments are available for a 
group of respondents. Comparison of successive steps of learning by using the proposed technology 
allows studying the learning process in progress for each of the students. Moreover, it allows 
designing the learning trajectory for each of them. Interactive comparison of individual results at each 
learning stage improves the students’ mutual relations and supports the healthy competition between 
the students. It affects positively the internal micro-clime within the group and motivates students in 
their study. 
 
The final assessment can be both quantitative and qualitative. In order to provide this option, 
correspondence between qualitative and quantitative scales has been defined. 
 
An important advantage of MDT is the ability to use its intermediary and final testing results for 
cognitive studies. Notice, that students’ educational achievements can be visualized by using various 
diagrams illustrating the MDT three in dynamics.  
 
Conclusion 

 
We have introduced the concept of a mixed diagnostic test (MDT), which comprises both 
unconditional and conditional components. We have also presented a technique for development and 
implementation of the MDT, being an element of our technology of teaching-testing systems. We have 
studied the potential of the mixed diagnostic tests in blended learning. Methods of fuzzy logic and 
threshold functions are used for the assessment based on the MDT. 
 
The use of MDT allows effectively managing curriculum development by constructing individual 
learning paths (trajectories). It reduces the time and the cost of organization and management of the 
educational process. Due to the fact that MDT is actually able to replace a teacher in his/her role as a 
consultant, it is possible to use MDT for blended learning. In our paper, the technique is illustrated by 
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the example of the course "Information Technology". 
 
We plan to apply the methodology for development of MDT for a number of other courses having a 
different structure. We suppose that our approach might be efficient in various mathematical courses, 
for example, in the course "Discrete Mathematics". We also suppose that the students’ discussions  
concerning the MDT results may increase their motivation for learning and, as a result, the level of 
their resulting competence. Our future research plans are connected with the high cognitive potential 
of the MDT visualization at each stage of the learning process. We plan to study regularities of the  
MDT based education, for example patterns of students' behavior, as well as the process of making 
pedagogical decisions based on the MDT results. We believe that the above research directions will 
improve efficiency of the educational process.   
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