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Abstract. The paper defines the methodology for designing professional re-

training programs, taking into account the requirements of professional stan-

dards and applying the “one discipline—one competence” approach as its basis.

The use of the described design methodology makes it possible to formalize the

designing process itself and reduce it to coordinating the requirements of the

professional standard with the customer’s requirements to the contents of the

disciplines included in the professional retraining program.

1 Introduction

The term “additional professional education programs” refers to professional development

programs and professional retraining programs [1]. The professional development programs

are designed to improve the professional level of the student within a previously obtained

qualification and have the duration of 16 academic hours. The contents of a professional

development program are normally composed of 2 or more sections, as well as a final cer-

tification in the form of a test/exam/final assignment. The professional retraining programs

are designed to prepare a student for obtaining a new qualification or carrying out a new type

of professional activities and have the duration of 250 academic hours. Similarly to those

of the higher education programs, the contents of the professional retraining programs are

composed of several disciplines and final certification in the form of a final exam or defense

of a final certification paper.

This paper is devoted to the particularities of designing professional retraining programs.

Designing the contents of a professional retraining program is a difficult and time-

consuming task, since it necessitates simultaneous consideration of several sets of require-

ments, which are often contradictory: the requirements of the Customer (an individual or

a legal entity initiating the training), the requirements of the regulatory documents (profes-

sional standards, qualification reference books, Federal State Educational Standards, etc.), as

well as the actual features of the future professional activity of the students.

References [2, 3] describe an algorithm for designing professional retraining programs

using a competence-based approach. The list of competencies to be obtained by a student

upon completion of the training is determined based on the regulatory documents and agreed

upon with the Customer. The algorithm proposed by the authors [2] implements a modular

principle for building the contents of a professional retraining program, namely: a profes-
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sional retraining program is made up of modules, which themselves constitute professional

development programs, and the selection of modules is carried out taking into account the

competencies they form. Thus, for a professional retraining programs, the terms “discipline”

and “professional development program” are identical: therefore, we will use the term “dis-

cipline” throughout the further text.

2 Methods

The competence-based approach involves building the contents of a training program, tak-

ing into account the work functions described in the corresponding professional standard.

In the relevant section of the university information and analytical system, a competence

base is created, which is composed of the competencies generated within the framework of

studying the disciplines, meaning that each professional development program corresponds

to a single competence. When designing the professional retraining programs, the necessary

competencies are selected from the competence base, resulting in the generation of a list of

professional development programs involved in the formation of the specific competencies.

Therefore, the number of disciplines included in the structure of the professional retraining

program becomes equal to the number of competencies formed during the learning process,

which are selected by the methodologist and agreed upon with the Customer. Besides, it

should be borne in mind that some additional competencies can be formed as a result of

mastering certain disciplines within the retraining program.

Let us analyze the procedure applied to build the contents of a professional retraining pro-

gram, using the ‘‘Organization of research and development of aviation equipment’’ program as

an example. The trainee category is: people with higher education (specialty, master’s degree).

Stage 1. Determination of the professional standard, according to the requirements

of which the program contents will be formed, as well as the name of the qualification

awarded (if any). In accordance with the program subject matter, the professional standard

“Specialist in research and development” (approved by order of the Ministry of Labor and So-

cial Protection of the Russian Federation No. 121n dated March 4, 2014) can be selected [4].

It should be noted that this professional standard has a code of 40.011, meaning that it be-

longs to the group of professional standards for cross-disciplinary professional activities in

the industry.

The name of the qualification to be awarded upon completing the professional retraining

program should be based on the name of the professional standard and can be formulated as

follows: “Specialist in research and development of aviation equipment”.

Stage 2. Determination of the list of competencies to be acquired by each student

upon completion of the program. The list of competencies is formed based on the job

functions (generalized job function) taken from the selected professional standard and agreed

upon with the Customer.

Let us choose from the specified professional standard the generalized job function “Car-

rying out research and development activities within the subject matter of the organization”

(code C, qualification level 6), which, in turn, includes the following job functions:

• JF-1 “Scientific management of research based on individual tasks” (code C/01.6, qualifi-

cation level 6);

• JF-2 “Management of the results of research and development activities” (code C/02.6,

qualification level 6).

The fulfillment of the job function JF-1 involves conducting the following job activities

in accordance with the professional standard:
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petencies (formulated based on job activities JA-1–JA-3 for the “Organization of research and

development of aviation equipment” professional retraining program):

• C-1 Preparedness to develop plans and methodological programs for conducting research

and development on aviation topics;

• C-2 Ability to arrange the collection and examination of scientific and technical informa-

tion on the research topic;

• C-3 Preparedness to conduct analysis and theoretical generalization of scientific data in

accordance with the research objectives.

For the successful fulfillment of JF-2, in its turn, a student must have the following com-

petencies (formulated based on job activities JA-4–JA-6):

• C-4 Ability to analyze the results of trials and observations;

• C-5 Preparedness to introduce the results of research and development into production;

• C-6 Ability to monitor the correctness of the results obtained by the subordinate employees.

Stage 3. Determination of the list of disciplines forming competencies C-1–C-6. In

general, a single discipline forms a single competence. There are cases when a single compe-

tence is formed by several disciplines; then, several variable professional retraining programs

can be created, in which one or more disciplines differ.

The disciplines forming the specified competencies (C-1–C-6) are shown in table 1.

The discipline contents are formed based on their learning outcomes, which, in turn, are

planned according to the required competence, taking into account the knowledge and skills

specified in the professional standard for performing a particular job activity. For example,

the learning outcomes for the “Fundamentals of Scientific Research in Aircraft Engineering”

discipline can be formulated as follows:

1) K-1: know the methods of conducting research and development (wording from the

professional standard for the job function JF-1);

2) S-1: be able to document the results of research and development activities (patents,

scientific and technical documentation) (wording from the professional standard for the

job function JF-1);

3) S-2: be able to apply the current regulatory documentation in the field of aircraft en-

gineering (formulated based on the wording from the professional standard for the

job function JF-1 “Apply current regulatory documentation in the relevant knowl-

edge area”).
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Table 1. Disciplines forming the specified competencies

Competencies Disciplines Alternative disciplines

C-1
Fundamentals of Scientific

Research in Aircraft Engineering
—

C-2
Organization of Scientific

Research Activities
—

C-3
Methodology of Scientific

Research
—

C-4 Methods of Mathematic Modeling System Analysis

C-5
Fundamentals of Production

Organization

Modeling of Production Processes,

Production Management Systems

C-6
Quality Management Tools and

Methods

Project Team Management,

Project Management Strategy and

Tactics

A single program section can be designed to generate one or more learning outcomes. It

is also true that several sections can generate a single learning outcome. For example, the

learning outcome K-1 is achieved after studying the “Methods of conducting research and

development” section, the learning outcome S-1 is achieved after studying the “Patenting and

protection of intellectual property” section, and the learning outcome S-2 is achieved after

studying the “Industry (aviation) standards” section.

The learning outcomes and possible names of sections for other disciplines are given

in table 2.

Table 2. Learning outcomes and possible names of sections for disciplines

Item
Discipline

name

Competence/

Job function

Wording of the learning

outcome

Name of the program

chapter

1

Fundamentals

of Scientific

Research in

Aircraft

Engineering

C-1/JF-1

Know the methods of

conducting research and

development in the field

of aircraft engineering

1.1. Methods of

conducting research

and development

during the designing of

aviation equipment

Be able to document the

results of research and

development activities

(patents, scientific and

technical documentation)

1.2. Patenting and

protection of

intellectual property

Be able to apply the

current regulatory

documentation in the field

of aircraft engineering

1.3. Industry (aviation)

standards
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Table 2. (Continue)

Item
Discipline

name

Competence/

Job function

Wording of the learning

outcome

Name of the program

chapter

2

Organization

of Scientific

Research

Activities

C-2/JF-1

Know the means of

planning research and

development

2.1. Software methods

and means for planning

research projects

Be able to formulate a

scientific and technical

problem and identify the

stages of research

activities

2.2. Statement of scien-

tific research goal and

objectives

Be able to search, collect,

and store scientific and

technical information

2.3. Scientific search

systems

2.4. Patent search

3
Methodology

of Scientific

Research

C-3/JF-1

Know the methodological

fundamentals of scientific

knowledge

3.1. Methods of

obtaining scientific

knowledge

Know the methods and

particularities of

theoretical research

3.2. Structure, models,

and methods of

theoretical research

Know the methods and

particularities of

experimental research

3.3. Methodology and

planning of trials

Know the methods of

processing scientific and

technical information

3.4. Processing of the

experimental research

results

4

Methods of

Mathematic

Modeling

C-4/JF-2

Know the basic concepts

and methods of solving

computational and

optimization problems

using computer tools

4.1. Basic concepts and

terms of mathematical

modeling

4.2. Approaches to

mathematical modeling

Be able to develop

physical and mathematical

models of the processes,

phenomena, and objects

being examined

4.3. General principles

of constructing

mathematical models

4.4. Designing of

various types of

mathematical models

Be able to analyze the

solution obtained using

computer tools

4.5. Evaluation of the

results of the analysis

of computational and

optimization problems
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Table 2. (Continue)

Item
Discipline

name

Competence/

Job function

Wording of the learning

outcome

Name of the program

chapter

5
System

Analysis
C-4/JF-2

Know the essence of the

systems approach

5.1. Basic concepts of

system analysis and

systems approach

Be able to apply the

methods of research and

development results

analysis

5.2. Methods of system

analysis

5.3. Mathematical

methods of decision

making

6

Fundamentals

of Production

Organization

C-5/JF-2

Know the main production

processes at the aviation

industry enterprises

6.1. Characteristics of

the main production

processes

Know the methods of

introducing the results

of research and

development activities

into production

6.2. Calculation of the

economic efficiency of

introducing the results

of research and devel-

opment activities into

production

6.3. Methods for

introducing the results

of completed scientific

research into production

Know the principles of

production organization

and planning

6.4. Organization of

production preparation

6.5. Planning of

production preparation

7
Modeling of

Production

Processes

C-5/JF-2

Know the concept of a

production system and

a technological process

7.1. The concept of a

production system

7.2. Technological pro-

cess and production set

Know the typical

production processes

7.3. Typical production

processes and their

characteristics

Know the tasks of

production process

optimization
7.4. Cost theory

Be able to assess the

feasibility and risks of

introducing the results of

research and development

activities into production

7.5. Introduction of

new developments into

the production process

flow
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Table 2. (Continue)

Item
Discipline

name

Competence/

Job function

Wording of the learning

outcome

Name of the program

chapter

8

Production

Management

Systems

C-5/JF-2

Know the principles of the

production process

organization

8.1. Organization of the

production process in

terms of space and time

Know the composition

and relationship of

functional blocks of the

enterprise production

management

8.2. Information

systems of enterprise

management

Know the methods of

introducing the results of

research and development

activities

8.3. Introduction of

new processes at an

enterprise

9

Quality

Management

Tools and

Methods

C-6/JF-2

Know the main stages of

product quality planning

9.1. Product quality

planning

9.2. Lean production

Know the basic methods

of analyzing the process

failures and defects

9.3. Analysis of failure

causes and

consequences

Know the process

verification criteria

Know the methods of

verifying the results of

research and development

activities

9.4. Checklists

Possess the tools for

functional and cost

analysis of business

processes and designs

9.5. Functional and

cost analysis

10
Project Team

Management
C-6/JF-2

Know the methods of

organizing, planning,

and monitoring team

work

10.1. Basic rules for

managing people and

small groups

10.2. Team

performance

assessment

Be able to enhance

the motivation

of subordinates and

resolve conflict

situations

10.3. Motivation and

conflict resolution in

teamwork
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Table 2. (Continue)

Item
Discipline

name

Competence/

Job function

Wording of the learning

outcome

Name of the program

chapter

11

Project

Management

Strategy and

Tactics

C-6/JF-2

Know the methods of

making strategic and

tactical decisions in

project activities

11.1. Features of

strategic and tactical

project management

Be able to collect and

analyze information, draw

conclusions about the

causes and problems

during the implementation

of project activities

11.2. Project execution

monitoring

11.3. Selection of a

project strategy

The choice of disciplines forming the same competence (disciplines 4 and 5 from table 2,

as well as the groups of disciplines 6–8 and 9–11), is performed upon an agreement with the

training Customer.

3 Discussion and results

The disciplines presented in table 2 can be used to compile several variants of professional

retraining programs with different sets of disciplines can be compiled (table 3 contains

3 examples).

Table 3. Examples of professional retraining programs with different sets of disciplines

Item Competencies Option 1 Option 2 Option 3

1 C-1

Fundamentals of

Scientific Research

in Aircraft

Engineering

Fundamentals of

Scientific Research

in Aircraft

Engineering

Fundamentals of

Scientific Research

in Aircraft

Engineering

2 C-2

Organization of

Scientific Research

Activities

Organization of

Scientific Research

Activities

Organization of

Scientific Research

Activities

3 C-3
Methodology of

Scientific Research

Methodology of

Scientific Research

Methodology of

Scientific Research

4 C-4

Methods of

Mathematic

Modeling

System

Analysis

Methods of

Mathematic

Modeling

5 C-5

Fundamentals of

Production

Organization

Modeling of

Production

Processes

Production

Management

Systems
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Table 2. (Continue)
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Table 3. (Continue)

Item Competencies Option 1 Option 2 Option 3

6 C-6
Quality

Management Tools

and Methods

Project Team

Management

Project

Management

Strategy and

Tactics

The approach applied during the designing of the professional retraining program is called

a modular one. This approach allows the formation of the same set of competencies using

different sets of disciplines. It should be noted that disciplines 1–3 are repeated in all three op-

tions shown in table 3; therefore, they can be combined into a single module. The advantage

of the modular approach is the ability to change the set of competencies upon a Customer’s

request, choosing the disciplines required for the formation of the specified competencies

from the list of disciplines.

4 Conclusion

Combined with the competence-based approach [5–11], the modular approach allows to de-

sign the content of an additional professional education program with minimal effort and

maximum efficiency.

The algorithm for designing a professional retraining program includes the following stages:

1) determination of the professional standard, according to the requirements of which the

program contents will be formed;

2) determination of the list of competencies to be acquired by a student upon completion

of the program;

3) determination of the list of disciplines forming the competencies;

4) determination of the discipline contents.

An example of the variable content formation for the “Organization of research and de-

velopment of aviation equipment” professional retraining program demonstrates that the ap-

plication of the modular approach to designing additional professional education programs

allows to reduce the program development labor costs, as well as to adapt to the Customer’s

requirements as much as possible.

The methodology for designing additional professional education programs, proposed in

the paper, will be useful for the methodologists involved in the development of additional

professional education programs, employees of training departments at enterprises, and other

individuals, participating in the organization of training under additional professional educa-

tion programs.
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