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Abstract. Large-scale changes associated with the digitalization of all
industries require from the student to have both knowledge proficiency in
the subject field and the formation of critical thinking, the ability to apply
and update their knowledge, and the ability to apply knowledge to solve
professional problems. Of particular importance in the learning process is
the formation of a student’s system of goals, mastery of basic activity
strategies. This requires flexible control mechanisms and monitoring to
obtain a large amount of information about the current level of potential
development of the student. The analysis shows the relevance of
developing systems for supporting the adoption of pedagogical decisions in
the context of mass education, based on a multi-aspect assessment of the
results. The paper describes the author’s theory of adequacy based on the
fact that the quality indicator of a model can be obtained by comparing the
estimated model with a model accepted as a reference model. The
mathematical basis is a clear definition of strategies, their analysis and
improvement based on the algebraic approach, the application of which is
reflected in the formation of three components: a system of basic elements;
systems of standard transformations and standard combinations of
elements; an approximation mechanism designed to represent the strategy
as the result of applying standard transformations and typical combinations
of basic elements. It is substantiated that the results for automated
(automatic) decision-making can be obtained on the basis of continuous
control and evaluation activities organized according to the developed
methodology. The content of the decision-making system is described on
the example of a mathematics course.

1 Introduction

Large-scale technological changes determine the need for appropriate educational
transformations. Students should actively apply and update their knowledge, have critical
thinking, and solve professional problems [1].

One of the topical areas of digitalization in engineering education is the development of
support systems for the adoption of pedagogical decisions based on a multi-aspect
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assessment of the learning process. It is proposed to use the theory of strategies and manage
learning based on assessing the level of knowledge of basic strategies as the ideological
basis of the system corresponding to its goals [2]. The basis for the generation of sound
recommendations is the control and evaluation activity, which has the properties of
continuity and consistency [3].

A university lecture and school teacher perform many functions. In recent years, the
function of managing cognitive activity of students and the formation of their competencies
is necessary for independent construction and implementation of activity plans. Under these
conditions, basic algorithms learning is no longer enough. Learning to formulate a system
of goals and mastering basic activity strategies comes to the fore. All this requires more
flexible control and monitoring mechanisms to obtain a large volume of information about
the current level of potential student development. An adequate student model is a
condition for making the right pedagogical decisions. In the review [4], the authors identify
methodological strengths and weaknesses of current predictive learning analytics
applications and provide the most up-to-date recommendations on predictive model
development, use and evaluation. The study described in the article [5] provides an
overview of the progress made to date in learning analytics, that uses techniques, methods,
and algorithms that allow the user to discover and extract patterns in stored educational
data, with the purpose of improving the teaching-learning process. The article [6] shows,
how by collecting longitudinal learner and learning data from a range of resources,
predictive learning analytics are used to identify learners who may not complete a course,
typically described as being at risk. The topic is important for the quality organization of
online learning, learning analytics can be used to measure the level of student participation
in online courses [7, 8]. This study [9] presents a software application that facilitates the
extraction and subsequent analysis of peer assessment-related data from Moodle Workshop
activities: Moodle Workshop Data Extractor. A separate area of research is the use of
educational robotics tools [10].

The research papers [11, 12], examplify the informational and educational environment
Nomotex, in terms of using a connectionist model of knowledge introduction. This model
enables to construct courses and monitor in-class learning and classroom training. The term
“a knowledge quantum” is used in the system realization.

2 Formation of the strategy proficiency

The activity management is accomplished with a help of modeling. We identify a model as
a binary system, consisting of two constituents: an interfacing component for information
exchange between a prototype and its image and a reference model component for the
image formalization. The author’s adequacy theory is based on the fact that model quality is
assessed by means of the evaluated model comparison with the reference one [13]. Activity
plans are viewed as the popular reference models of any activities. We proposed to consider
strategies as tools for the activity plan creation.

The strategy embraces a system of typical objectives and plans for their achievements,
available resources, etc. A general scheme of a planning mechanism is shown on Fig. 1.
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Fig. 1. Description of a planning mechanism.

Strategies and their typical plans and the precise plans of strategy implementation are
defined as components of the activity management system. Definite strategy-setting, its
analysis and improvement contribute to implementing an algebraic approach. In the
framework of the analyzed context, the algebraic approach context is focused on forming
three components: 1) the system of basic elements; 2) the system of typical conversion and
typical element compositions; 3) the mechanism of an approximation for submission of the
strategy in the form of implementation results in terms of typical conversion and typical

basis element composition.

3 Possibilities of control-assessment activity in strategy
formation

A control-assessment activity is viewed as a learning process constituent and it can be
considered as a basis for realizing a pedagogic decision support system. This issue is
determined by the following possibilities:

1)to actualize promptly the academic knowledge;

2)to motivate students to get knowledge for the further subject learning and the applied
tasks handling skills; thus it contributes to dealing with learning material;

3) to identify the student’s training level and then to divide them into focused groups;
this process is very important for realizing the differentiated learning process;

4)to check the effectiveness of selected learning methods and to conduct its
assessments;

5)to submit the basis for effective realization of the students’ self-study.

The development and implementation of a continuous control-assessment activity in

terms of above-mentioned possibilities enable:
—to measure the learning quality indicators, including the knowledge mastering

completeness;

— to exert a continuous control over the student’s forming of a holistic perception for
providing interdisciplinary relationships among them in terms of analyzing element and
structure unity as well as a part and an integrated whole;

— to track the educational achievement development of every student.

The formation and corresponding assessment of different ways of thinking are of great

attention.
The method of a continuous control-assessment activity is shown on Fig. 2.
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Fig. 2. The method of a continuous control-assessment activity.

To great extent, a student’s self-study, its regularity and the analytical depth of studying
materials, identify the learning results rating. System components enable to create a high-
quality foundation for students to work independently.

Rating tables are an important element of the lecturer’s electronic portfolio and the
necessary basis for making certain managerial decisions: correction of the proximal lecture
and practical classes content, operational changes in the organization of students'
independent work, taking into account their individual achievements, etc. The significance
of appraisal rating for the students aims at increasing their motivation to the subject study.

The data obtained as a result of applying the system enable to conduct pedagogical
research using multi-criteria assessments. The content of control and measuring materials,
taking into account the different level and material development completeness, affords to
implement an individual trajectory of students studying in full-time studies, viewed as an
essential element of electronic educational resources, online courses.

4 Content of the decision support system on the example of
mathematics course

Due to the spread of information and communication technologies, digitalization, science,
technology, engineering and mathematics [14, 15] are becoming increasingly important for
successful professional activities. The importance of mathematical training in engineering
education and the relevance of its strengthening in some cases are shown in [16, 17, 18, 19,
20]. [21] carried out a theoretical and methodological study on the critical thinking
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development through mathematical modeling in the training of engineers. In this case,
mathematical modeling is considered as a didactic strategy aimed at developing not only
disciplinary, but also transversal competencies.

In this regard, the system development for a mathematics course seems to be especially
relevant in engineering training.

The formation of the ability to use an activity strategy and control of its proficiency
begins with the formation of the goal composition. For example, the goal of “finding a
function”, in addition to the well-known reference models in the form of a formula, a graph,
and a table of values (perhaps with an approximation mechanism for intermediate values of
the argument), includes: a) parametric task of the function, including the situation when the
dependence of its argument and its values from the parameter are set in table or graphs; b)
implicit task definition F(x,y) = C of the function, including the task of the function F
using the table of values, level lines, etc. There are other reference models in the goal “to
find the function”.

With assignments focused on mastering the composition of the purpose, personalized
individual homework tasks, given to students. These are tasks in a test form, individually
generated for each student, focused on learning, so the text of the tasks usually contains
hyperlinks to the corresponding sections of the electronic textbook. These tasks are checked
with a help of Java-Script embedded in the pdf source file generated by pdflatex, and the
acrotex extension package is used in the *.tex source file. Examples of task texts are shown

in Fig. 3.
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Fig. 3. Example of a task, aimed at forming a goal composition.

The task presented in fig. 3, is based on the representation of vector algebra as a model-
triad (Fig. 4).
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Fig. 4. (a, b) [llustration to the model-triad definition.

Vector algebra can be represented in the form of a model-triad, the components of which
are: 1) vector-geometric model, in the framework of which we operate with directed
straight line segments, considered as a result of postponing the vector from a point;
2) vector-symbolic model, the examples of the formulas of which are (5 + 2¢) L (g — §),
U = 37 —w etc.; 3) coordinate model. Examples of tasks focused on the formation of the
ability to translate information from the language of one of these models to the language of
the other one are shown in Fig. 5.
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Fig. 5. An example of a task, oriented to skills forming in terms of translating from one language
model to the other language model in the algebra of vectors.

In recent years, it is assumed that the purpose of training is not limited only to the
formation of professional knowledge and skills, other competencies also play an important
role. For example, professional activity requires the ability and experience to work with
errors, which includes not only the ability to detect and correct them, but also to use them
constructively. It is worth noting that some scientific methods are involved in making a
mistake. For example, the method of reasoning “on the contrary” is based on the study of
an erroneous statement, which can be interpreted as a deliberate mistake. When formulating
a hypothesis, consideration of particular cases and the use of unsubstantiated assumptions
are often used.
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It seems to us that the task of a comprehensive formalization of learning objectives
remains relevant, especially in connection with the expanding practice of introducing e-
learning elements. The developed system of pedagogical decision support is based on the
formalization of learning objectives using a design called the system of balanced strategies.
The idea is to evaluate the level of, for example, mathematical training using assessments
vectors of the proficiency level of important strategies in terms of mathematical activity.
Examples of assessments of the proficiency strategy level are: 1) the time spent on
perceiving the task; 2) the time spent on the decision; 3) the number of problems solved in a
certain time, etc. In these terms, the goal of teaching mathematics can be represented as the
inclusion of a vector of assessments of the possession of a strategy in the target area (the
boundaries of which are set, for example, by a system of inequalities). As a result of solving
a training problem using a specific strategy, the ownership of this strategy improves, see.

Fig. 6.
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Fig. 6. Illustration to the management of parameters the ownership of the strategy.

5 Conclusions

The pedagogical decision support system is designed, firstly, to obtain relevant values of
the components of the vector of assessments of the strategy’s ownership by a particular
student, secondly, to forecast the changes in this vector as a result of certain tasks, thirdly,
to select tasks for a group of students or even a particular student, providing the movement
of the vector of assessments in the target area with the least expenditure of resources
(certain resources, for example, time, or a weighted estimate of the total expenditure all
resources), to ensure a certain stability of the vector estimates preserve knowledge of its
components after a certain period of time, and so on.
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