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Abstract: Changes in the characteristics of modern ones, reflecting them as the "digital generation”, inevitably
necessitate electronic interactive, mobile and mixed, machine learning, especially in the field of automation and control of
technological processes and production. As a consequence of reflecting these realities, there have been parallel changes in
the taxonomy of learning objectives - from the classical to the revised rethought and digital.

In order to study the problem of synchronizing the training of future specialists in the field of automation and control
of technological processes and production and funny knowledge in accordance with the dynamics of the taxonomy of learning
objectives, we recommend using the following methods: clarifying the concepts of "blended learning"”, "e-learning", "mobile
learning” and " electronic learning object”’; considered, the characteristics of the digital generation; traces the evolution of
the taxonomy of learning objectives; clarifies the levels of interactivity that are achieved when creating electronic learning
objects for the implementation of blended learning; offers digital tools and original tools that learners master to create e-
learning objects for higher cognitive levels of Bloom's digital taxonomy - assessment and creation.

The article notes the advantages of mastering the tools for creating electronic learning objects with varying degrees
of interactivity and the corresponding models for their inclusion in training units of process automation in the implementation
of blended learning.

Keywords: machine learning, taxonomy of learning objectives, Bloom's digital taxonomy, assessment and creation
of digital tools and blended learning.

Annomauus: “Paxamiu asénod”’ xkabu y3uoa 3aMOHASUN MABCUDIAD V32apUUIIAPUOA IAEKMPOH UHMEPPAOIL,
MOOUN 8a apanawi mypoacu MAWUHATYU VKUMuwied, AuHUKCA MeXHONO02UK Xcapaéunap 6a uwinab qukapuuiiapHu
asmomamaaumupuw 6a bowkapuul coxacuea oynean 3apypamuu oeneunad oepaou. bynoaii pearnuxnapnu axc smmupuwi
Hamudcacuodd KIAcCUKOaH Kauma Kypub yYukunaémean 8a pakamiu MexHOIo2Usiapeayd Oyiean YKUmMuu Maxkcaoiapu
MAKCOHOMUACUOA2U NAPATIEN Y32aPUMLAPHU 03024 KeTMUPOU.

Texnonoeux dcapaéunap 6a uwiiabd YUKAPUWHU ABMOMAMAAUWIMUPUW 84 OOWKAPUWL COXACU 84 YHed MYypooud
ounumaap 6yUuNa MymaxaccuciapHu manépiauiHu  YKUMuul Maxkcaoiapu MAaxkCOHOMUSCU OUHAMUKACU2A MY80QUK
CUHXPOHAAUIMUPULL MYAMMOIAPUHYU  YP2AHUUL MAKcaouda Kyuuoazu YCyinapoan @QOUuOANaHUWHY MAKIUQ IMamus:
“apanaw ykumuw”, “snexmpon yxumuw”’ 6a “VKUMUWHUHE 3]IeKMPOH 00bekmu”~ Kabu myulyHYaiapHu aHUKIAUMupuuL;
pakamau aenod mascugrapunu Kypud yuxuwl, YKUMUw MaKcaoiapu maxCcoHOMUSCU MAOPUNCUNHU KY3amuw, apanaul
VKUMUWHU AMAT2A OWUPUWL YUVH VKUMUUWHUNKE INeKMPOH 00beKmIApUHU Spamuuiod dpUuuiaouean uHmep@aoiiux
casusacunu aHukiauwmupuut, brymuune paxamau maxcoHomuscuHu 10Kopu KOCHUMUE CAmxaapu — 6axoaaw 6a aHeraul y4yH
INEKMPOH YKY8 00beKMAAPUHU APAMUUOA VEYSUULAD YIAAUMUPAOULAH PAKAMAU 84 OPUSUHAL 60CUMATIAPHU MAKIUGD IMULL.

Hwoa mypau unmepgaonnux oapazxicarapu 6a moc mooeniap Ouran YKumuwHuHe 1eKmpoH 00beKmIapuHu
Apamuul 60CUMANAPUHY  V3IAUWMUPUWHURE AQ3AIIUKIApY KYPCaAMuiean Xamoa YIApHU apaiaul VKUMUWHU amaied
OWUPUULOA MEXHONOUK HCAPAEHTIAPHU ABMOMAMIAWMUPUWHURE VKY8 OUpIusUea KUupumuid Kypuo Yukuieaq.

Tasnu cyznap: mawuxaniy YKumuui, YKy8 Makcaonapu maxkcoHomusicu, Baymuume paxamnu maxkcoHoMuscu,
PaKamau ocumanapHy 6axonaw 6a apamuil, apanlawl YKumuul.

Anuomauuﬂ: HUsmenenus 6 XapakmepucmuKkax CO6PEMEHHbIX, ompaxcarowux uUx Kak «uuqbpoeoe NnoKoJienuey,
HeusbextcHo 06)/0/106]11460]0"’1 HeobxooumMocms 8 ONIEKMPOHHOM UHMEPAKMUBHOM, MOOUNBHOM U CMEeuaHHoM, MAUUHHOM
06yll€H14M, ocobenno 6 c¢epe asmomamusayuu U ynpaeieHusd mexnojiocudecKumu npoyeccamu u npous'sodcmeamu. Kax
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crneocmeue OmpadtCeHus SMuX peanull GOHUKIU NAPALIENbHble USMEHEHUA 6 MAKCOHOMUU yenel 00yueHus - om
KAACCUYECKOUL K NepecMOMPEHHOU NePeoCMblCIeHHOU U YUPPOBOIL.

C yenvio usyuenus npooemsl CUHXPOHUZAYUYU NOO20TOEKU OYOVIUX CREYUATUCIO8 8 0ONACTHU ABMOMAMU3AYUU U
VAPAGNEHUS MEXHOIOUYECKUMU NPOYECCamu U NPOU3B00CBAMU U CMENCHBIX 3HAHUU 8 COOMEEMCMSEUU ¢ OUHAMUKOU
MaKcoHoMuy yenell 00yueHus peKoOMeHOyeM UCHONb308aMmb  Cedylowue Memoobl. YMOUYHeHUs NOMAMUA «CMeUanHoe
obyuenuey, «2NeKmponHoe 00yueHuey, (MOOUTIbHOE 00YUeHUe) U «INEeKMPOHHBII 00bEeKm 00YUeHU), pACCMAMPUBAIOMCH,
Xapaxmepucmuxku yu@ppoeo2o NOKOIEHUA, NPOCENHCUBACINCI IEOTIOYUSL MAKCOHOMUU Yenell 00yUeHUs; YIMOUHAIOMC YPOSHU
UHMEPAKMUBHOCY, KOMOpble O00CMUSAIOMCA NpU  CO30AHUU INEKMPOHHLIX 00bEKMog 00yueHus O peanusayuu
CMEUAHH020 00yUeHUs, NPednazaomcs Yugposvie UHCIMPYMEHMbL U OPUSUHATbHBIE UHCIPYMEHMbL, KOmopble obyuaemvle
oceausaom O CO30AHUA INeKMPOHHLIX YYEOHbIX 00beKmog 0 Oojiee 6bICOKUX KOSHUMUBHBIX YPOBHel yugdposou
maxkconomuu bnyma - oyenka u cozoanue.

B pabome ommeuaromes npeumyujecmea 0c8oeHus UHCMpyMeHmapus co30aHUs SIeKMPOHHBIX 00beKmMo8 00y ueHs
C DA3HOU CMENeHvbio UHMEPAKMUBHOCMU U COOMEEMCMBYIOWUX MoOenell Ol Uux 6KIIOUeHUs 8 yueOHvle eOuHuUlybl
asmomMamu3ayuy MmexHoI02U4eCKUx npoyeccos Npu peanu3ayui CMewanHo2o 00yueHus.

Knioueguie cnosa: mawunnoe obyuenus, maxconomus yenei ooyuenus, yugposas maxconomus bnyma, oyenxa u
co30anue Yyupposvix UHCIMPYMEHMO8 U CMEUWEHHO20 00YYeHUs.

Introduction

The development of information technology in the early years of the new millennium gave rise
to new ways of processing and disseminating information. The introduction of information and
communication technologies in education represents the largest and most significant change in the
dominant educational paradigm in recent decades. These realities have changed the way young people
perceive and process information, naturally led to a revolution in educational standards and to the
emergence of revised digital taxonomies. In response to the new challenges of the time, modern time
pedagogical psychology, including private didactics, led to the search for the most rational ways to
improve pedagogy, teaching and learning in full compliance and harmony with the formed modern
characteristics of students.

The training of modern highly qualified specialists in the field of automation and process control
is an extremely responsible and multidisciplinary problem that requires future specialists with higher
education to use modern information technologies that provide digital competence required by national
and international standards; knowledge of the current and prospective characteristics of today's youth;
mastering software tools for creating electronic learning objects in order to be able to create effective
blended learning in accordance with generally accepted ergonomic and didactic aspects of educational
psychology; apply digital teaching methods in special disciplines of industrial process automation.

The article [1] shows the effectiveness of using computer simulators for training process control
operators in order to increase the efficiency of automation and process control, as well as reduce
accidents in production. The role of simulation modeling in the control of the operation of various
devices of technological processes and its significance for operators are described. Statistics of the
damage that production may suffer due to operator errors are given. The article reveals the importance
of preparing operators for various situations. In article [2] highlight important aspects of using machine
learning to avoid errors in automation. It is based on the possibility of reducing systematic errors through
the use of artificial intelligence methods.

The work [3] shows that training of operators on a computerized simulator is effective, but simple
simulators cannot adequately present the scenario of technological events to operators without using
dynamic simulation. Also, as a solution to this problem, it is necessary to add an element of "virtual
reality” to the simulator. From the perspective of the chemical industry, VR simulations are believed to
lead to increased productivity, reduced environmental impact, and increased safety. The article [4]
proposed a method for teaching students how to operate automation systems by virtual introduction of
new elements in cyber-physical laboratories. In such situations, attention is focused on eliminating the
problem of direct intervention in production systems along with economic savings. The effectiveness of
cyber-physical systems in teaching students about automation and control systems is described. In the
article [5], taking the process of coal combustion in a furnace as a technological process, and modeling
the processes of mass and heat transfer in it, the issue of training using simulation modeling is
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highlighted. Based on the methodology developed in the article, a dynamic computer simulator of steam
boiler burners is proposed. It is based on the fact that operators will have the opportunity to fully explore
the capabilities of auxiliary equipment using this simulator.

The issues of organizing online learning using automation tools, taking into account the human
factor, are covered in [6]. The cases of human intervention and the development of individual tasks in
online education are analyzed. Online training organized by adding a person to the automation system
in online training is proposed for the railway system. In the article [7], the authors evaluated the
effectiveness of computer simulators for students studying cardiac surgery. The article emphasizes that
students reading on a simulator rarely encounter errors that a traditional reader might miss. Similarly, in
the article [8], the authors described ten characteristics of the use of simulators in training. The decision-
making procedure in the simulators is shown by the description of the model. Demonstrated the use of
dynamic simulation to implement situational training in the Swedish armed forces using simulation
training.

Despite the progress shown in the cited literature, none of them disclose the importance of
taxonomies in the use of trainers and simulators. Pedagogical research approaches that combine methods
of advanced pedagogical and digital technologies with simulators were not considered.

In order to synchronize the training of future automation specialists in accordance with the
dynamics of the taxonomy of learning objectives, it is necessary: future specialists to use modern
information and digital technologies, so that the necessary digital literacy and competence are provided
in full and harmonious accordance with state standards; knowledge of the current and prospective
characteristics of today's youth; software tools for creating electronic learning objects were mastered in
order to provide the ability to create effective blended learning in accordance with generally accepted
ergonomic and didactic aspects of educational psychology.

Blended learning

Blended learning is known to be a proven form of training, which is implemented by supporting
traditional learning with electronic and mobile ones.

E-learning is a procedural and functional unity of learning and training activities through various
electronic media and multimedia technologies. This learning is done through electronic educational
resources, which can be text files, video demonstrations, simulations, assessment tests, or educational
games. Blended learning takes place both in formal education at school, university, as well as outside
educational institutions.

The development of computer technology and communication technologies, the emergence of
mobile devices such as tablets, phablets and smartphones, have given rise to a new trend - BYOD (Bring
your own devise). In their free time, modern students study, travel or have fun, constantly having their
mobile devices with them. They rationally use them both for communication (including through social
networks), and for the constant search for new information, games or data exchange.

Some authors define mobile learning as a natural successor to e-learning. However, mobile
learning has its own terminology. For example, the concepts of multimedia, interactivity, hyperlinks,
multimedia environment, etc. are included in the terminology of e-learning, and such terms as
spontaneous, personal, quick search and finding, related, non-formal learning are included in the
terminology of mobile learning [9].

E-learning and mobile learning require the development of appropriate learning environments,
most often multimedia. According to Nokelainen, “a multimedia learning environment is an application
made up of electronic didactic materials. Electronic didactic materials are created for educational
purposes, published in digital form and accessible to a computer”, and the learning object is “the smallest
meaningful unit of electronic didactic material” [10, 11]. A learning object is "any thing (entity), digital
or non-digital, that can be used, reused, or referenced in a technology-supported learning process".
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E-learning objects are suitable for stand-alone use, face-to-face learning, embedding in e-learning
environments, and learning via mobile devices. Their widespread use meets the needs of the digital
generation.

Characteristics of the digital generation

Current students are defined as the "digital generation” who like to get information quickly,
prefer parallel processes and multitasking, prefer to receive graphic and multimedia information instead
of text, work best on the network, expect immediate results and rewards.

The new generation of young people is defined as the “millennial generation”. They “want it all”
and “want it now”, seek to take advantage of the present, strive for rapid career growth, work-life
balance, job satisfaction, and social recognition. The new generation is team-oriented, not only a
consumer of Internet content, but also engaged in the creation of content - from photos and videos to
web pages and blogs.

This new generation is now entering higher education institutions. It must be educated in the
expected way, on the one hand, and on the other hand, it must be prepared to educate the next generation
of youth, according to its inherent characteristics. To succeed in this task, higher education institutions
must provide training that prepares future automation professionals to master digital tools.

Taxonomies of learning objectives

In 1956, Benjamin Bloom proposed a cognitive taxonomy of learning objectives at six
hierarchically represented cognitive levels, from lowest to highest: knowledge, understanding,
application, analysis, synthesis, and evaluation [12]. Each of these cognitive levels can be represented
by specific actions aimed at achieving certain learning goals. The taxonomy is hierarchical as each level
is seen as a prerequisite for the next.

A revised version of Bloom's taxonomy was developed in the same way as the original, but with
a number of significant changes. Although the original number of cognitive levels (six) remains the
same, two of them have been renamed, two have been rearranged, and the level names have been
changed to their verbal forms to match how they are used for educational purposes. The cognitive levels
in the revised taxonomy include analysis, evaluation, memorization, understanding, application, and
creation.

The idea of Bloom's digital taxonomy belongs to Andrew Churches, who does not rethink the
content of the transformed taxonomy, but only significantly expands it by significantly supplementing
the list of verbs - terms that are determined by the use of Web 2.0 technologies for each cognitive level
of the hierarchy. Thus, in relation to the higher cognitive levels of the hierarchy of evaluation and
creativity, new actions (verbs) were added.

Added for level assessment:

* blog / vlog, commenting and reflecting - commenting and reflecting other people's comments

in blogs;

* publishing - posting your own comments on blogs and participating in discussions;

» moderation - performs the functions of a moderator (gives a reasoned assessment of

publications from different points of view);

« collaboration and networking — collaboration and networking with other actors;

» testing — testing (of applications, processes and procedures);

» validation - verification of reliability (reliability of information sources).

Added for creation level:

 programming - developing your own applications - educational or gaming in a structured
environment;

* filming, animation, videocasting, podcasting, mixing and remixing. Filming, animation, video
casting, podcasting, mixing and remixing reflect the growing trend of using multimedia editing and
editing tools;
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» directing and producing (understands and integrates the components into a complete product);

* publication - publication (via the Internet author's multimedia products created by digital
means).

Interest in higher cognitive levels of assessment and creativity from digital taxonomy is dictated
by the fact that it is with them that it is possible to use electronic learning objects in a constructivist
approach that can offer students a high degree of interactivity as an attractive component of e-learning
and mobile learning.

Degrees of interactivity in e-learning

Interactivity enables teaching and learning processes to be managed as needed with a full degree
of automation. The term "interactivity" came from the English language and means "interaction". If in
traditional learning there is interaction between the student and the teacher, then in the context of e-
learning, the wording undergoes modification, since the interaction is carried out not only in the direction
of "person-to-person”, but also in the direction of "person-to-person”. "human" - "computer” and
"human™ directions "human™ - "computer" - "human". The use of e-learning objects provides
opportunities for these interactions. In the theory of e-learning, four levels of interactivity in the
relationship "human" - "computer™ are regulated:

e the first level - low interactivity: the user has little or no control over the interaction with the
learning content. The interactivity of this level is primarily associated with the ability to move the user
back and forth through the learning content;

esecond level - moderate interactivity: includes the first level, but gives more control over the
learning content. May include sound support for the presentation of educational content. In terms of
navigation, back and forth, menus, branches, content map and glossaries are used;

e third level - medium interactivity: includes interaction with more complex information and
allows you to increase the level of control. Operations may be illustrated with graphics, video, animation,
or a combination of these. Modeling is part of the presentation of learning content. In addition, a quick
response to user actions is obtained, which ensures the memorization of educational material;

o fourth level - high interactivity: includes a detailed presentation of educational information and
allows you to fully control the content of training. Most tasks are demonstrated with full interaction and
simulation. It includes all the interaction elements described in levels 1-3, as well as advanced branching
options with multi-level menus, complex animations and videos.

A variety of digital tools and copyright tools allows you to create educational objects with
different levels of interactivity necessary for their inclusion in the training blocks of automation of
technological processes and production.

Conclusion

Learning objects can be used independently of each other or embedded within each other. For
example, video files created with Adobe Captivate are voiced with audio files and supplemented with
text files. Or, practice and assessment models created with Adobe Captivate are embedded as objects in
a multimedia application created with Toolbook. This is how digital mixing and remixing activities are
also carried out in practice.

Learning objects are used in the lessons of automation of technological processes with which
blended learning takes place. Their inclusion in educational units depends on the current didactic task.
For example, in the introductory part of the lesson blocks, at the stage of updating knowledge,
infographics, tests and presentations can be used. At the exposition stage, new educational content -
infographics and presentations. At the stage of skill formation - video files and simulations. When
providing feedback and debriefing - mobile phone tests or electronic tests. The approach to the use of
different learning objects depends on the specific topic and the creative views of the teacher.
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Preparing appropriate learning objects is a lengthy process that requires great skill and effort.

The result of their application is an attractive and effective blended learning process automation that
meets the characteristics of digital learners.
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