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Prefaceto the ConferenceProceedings

We are very delighted to introduce the conference proceedings of the conference on
Perspectives of Foreign Language Teaching for Professional Communication in Tertiary
Education (28 March, 2025) that was held in Bratislava, the capital city of the Slovak
Republic. We would like to express our sincere appreciation to all participants, speakers and
partners for their contributions to the conference program. Full manuscripts of 24 topics were
included for publication in the conference proceedings.

It was a great pleasufer us to welcomeurinvited speakers MMag. Dr. Andrea Bicsar, MA

(Head of the Center for Minority Language Education, Multilingualism and Inclusion,
University College of Teacher Education Bur
(Director for Fundamental Metrology and Statutory Representative President of the Czech
National Committee of the CIE International Commission on Illuminatian)Their
present At(ilgmcsademii@® Engl (i Bihc s &rr ,TheAmgdriamaenoff oie ? i
English Communication Skills in the World of National Metrology Institutes Across the
European( Gm2idonfiM. ) reflected the current nee
learninig of foreign languages in tertiary education.

It was an honour for the Slovak University of Technology, especially for the Faculty of
MechanicaEngineeringo becomeheorganizerof this conferenceTheaim of theconference

wasto presentandpromotedisseminatiorof thelatesttrends experiencendresearctoutcomes

in boththeteachingof foreignlanguagedor professionatommunicatiorin tertiary education

and the application of academic skills in a foreign language through the contributions of
doctoral students. A wide range of research, expertise, insights and knowledge was provided
by the academicommunitythroughtheir topics presentedtthe conference. It was amonour

to have such an enthusiastic audience with us, in Bratislava, offering an opportunity to learn
from each otheWe believe that cooperation among academics and researchers will facilitate
the implementation of innovative methods in education.

We would also like to take this opportunity to express our appreciation to the organizing
committee for their engagement in organizing and managing this scientific event. We would
like to extend our warmest thanks to all conference participants for taking their time to share
their knowledge and experiences with us, and creating such an enlightening and enjoyable
scientific event bringing together researchers, academics and doctoral students with common
interests.

Mgr. Martina Lipkova,PhD.
Head of the Department of Languages, Faculty of Mechanical
Engineering in Bratislava and the Head of the Conference Program

and Organizing Committee
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Communicative, lexical and methodologicalapproachesin foreign language
teaching for professional purposes

AnaMa n dlivik olvanalV,r a ®ieit k ®ragichRMi r kovi |

Abstract

Foreign language professors at academies of applied studies and universities are under
constant pressure from social and economic changes that demand a wide range of
knowledge, skills, and innovation, all of which are essential for professional
communication. Unlike traditional formal foreign language courses that mainly provided
passive knowledge of grammar and vocabulary, we now face the need to become acquainted
with newinformationandideasthatwill bepresentedn adifferentapproachThisis achieved

by applying the communicativeethod oflearning, which helps students gain confidence and
acquire new skills. These innovations are based on changing attitudes and methodological
approaches, rather than altering content itself. This paper provides an overview of how
innovations were introduced to modernize the course of English for Specific Purposes at the
Belgrade Business and Arts Academy of Applied Studies, by introducing a new curriculum
basednacommunicativéanguagepproachalongwith lexicalandmethodologicatrategies

for taskbased assignments. It explains the shift in focus from grammar to vocabulary, which
will be illustratedby various exercises used to help students acthugrgpecificvocabularyin

their field and improveheir speaking skills. When creating theurse and teachingaterials,
theemphasisvasplacedon acomprehensivapproacho developingprofessionaskills. In the
outcome of this research a learning environment has been created where communication,
learning, and understanding are achieved through dialogue with students, not through
monologueWe alsotook into consideratiorthe broadersocialcontextin which theinteraction

and mutual learning between students and professors is taking place.

Keywords: communicativelexical, methodologicalanguageapproach

1 Introduction

Foreign language professors at universities and academies of applied studies have been facing
asignificantchallengehowto introducethe necessarghangesandmodernizdoreignlanguage

for specific purposes courses, including the teaching materials, as well as the approaches and
methods used in instruction. Higher education is under constant pressure from social and
economicchanges that demarmdbroad spectrum ddhowledge, skills, and new approaches to

meet the high demands of the modern society. The rapid advancement of new technologies,
alongsidecontinuoussocialchangespbligategprofessorso considemotonly thecurrentneeds

of their students but also their future ones. Professors are required to be more flexible and
creative in educating for the future, while students are expected to develop learning skills and
theability to applywhattheyhavelearnedo new,far morecomplexsituationsin this process,

12
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our own concepiof learningandteachings transformedandwe view learningasa procesf
continuous personal and social transformation.

Thereis awidely acceptedeliefthatwhencreatingteachingmaterials fora specificcourse, it

is necessary to include diverse experiences, approaches, and methods, keeping in mind the
goals, content, and structure of the course. The role of the teacher is to successfully integrate
various elements of numerous methodological approaches into a coherent and understandable
whole.Whendesigninga course pneshouldconsidetthreemaindirectionsin thedevelopment

of teachingmethodologyfor highereducation. Théirst direction considersesearch related to

how students learn. The second direction is based on the concept of multiple intelligences,
which, according to Gardner, does not imply a narrow definition of intelligence but includes
other dimensions such as verliauistic, visualspatial, and logicatnathematical thinking,

among others (Light 2001: 71). The third direction looks at the development of innovation
theoryandconsidergheproces®of organizationathangetakinginto accounshiftsin business

and industry with a focus on changes in higher education and teaching methodology (Light
2001: 71).

Consideringheseperspectivedeachersregiventheopportunitynot only to improveforeign
language courses but also to understand the fundamental principles of teaching. A significant
roleis playedby thepersonahbility of theteacheto enhancdormertraditionalmethodological
approaches in teaching. In line with such principles, the course itself changes its concept by
emphasizingneaning, purpose, and connectpegsonal experiences with the broader context

of theteachingmaterial.Theaim of thecoursds to enablestudentso enhanceheirknowledge

and find solutions to practical problems thell encounterin their professional environment.
Unlike formal, traditional courses that primarpyovided passive knowledge of grammar and
vocabulary without enabling students to actively use this knowledge in everyday
communication, there is now a demand for new information and ideas presented differently,
using a communicative learning method by which students gain confidence and new skills.
Thesannovationsarebasedn changesn attitudesandmethodologicabpproachesjotmerely

on content changes. The traditional approach does not require students to participate actively
or take on different roles, relying on listening, reading, and completing assigned grammar
exercisesyhichis notalignedwith thechallengestudentswill facein the professionaivorld.
However by applyingthecommunicativeanethodwe placestudentsn aninterpersonatontext

in which they contribute to the learning process and learn from others. This can be observed,
for example, in small group work, where learning is based onstasikng. Students can be
assigned tasks that allow them to take active roles, such as delivering short presentations or
leading discussions, followed by a report on the results of group work.

This paper provides an overview of how innovations have been introduced to modernize the
English language for specific purposes course at the Belgrade Business and Arts Academy of
Applied Studies, by introducing a new curriculum based on a communicative language
approachJexical approachandtaskbasedmethodology It explainsthe shift in focus from

13
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grammar to vocabulary, illustrated through various exercises aimed at acquiring specific
professional vocabulary and developing speaking skills.

In designing the course and teaching materials, emphasis is placed on a comprehensive
approach to developing professional skills. A learning environment is created where
communication, learning, and understanding are achieved through dialogue with students, not
through monologue. The broader social context in which interaction and mutual learning
between students and teachers take place is also considered.

2 Communicative language approach in creating teaching materials for
English for specific purposes

In thelate 1960s,a newcommunicativdanguageapproacto teachingemergedn responseo

the criticisms of the prominent American linguist Noam Chomsky. In his [&ykactic
Structureq1957),Chomskyargued that therevailingstructuralist theories danguagecould

not convey the essential characteristics of language, such as the creativity and originality of
individual sentencedBritish appliedlinguisticshighlightedanotherfundamentatimensionof
language, which had been neglected in previous language teaching approaches: the functional
andcommunicativepotentialof languageThis led to aneedfor languageeachingo prioritize
thedevelopmenbf communicativeompetencevermasteryof structuregRichardsl991:64).

In his work Notional Syllabuse$1976), Arthur Wilkins provided the foundation for the
development of communicative language teaching materials by analyzing the meanings that
learners need to understand and express. In contrast to the traditional focus on grammar and
vocabulary, Wilkins demonstrated a system of meanings underlying communicative language
use. He described two types of meanings: notional categories (such as time, place, quantity,
frequency) and categories of communicative functions (such as requests, refusals, offers,
complaints) Wilkins' theorysignificantlyinfluencedtheformationof communicativdanguage
programs and textbooks in Europe. Littlewood notes that the main characteristic of this
approach is its systematic focus on both the functional and structural aspects of language
(Richards 1991: 65).

In teaching, it is essential to establish a clear link between linguistic form, communicative
function,andsemantianeaning Until recently,mostforeignlanguagdeachingmethodswvere

based on a synthetic approach, in which different linguistic elements, such as grammatical,
lexical, and phonological components, were taught separately. However, with the emergence
of earlyversionsof communicativdanguagdgeachingmethodsn the 1980s this approaclwas
challenged. Any focus on form was seen as unnecessary, with teachers arguing that what
learners truly need is the ability to communicate in the target language. This led to a divide
between those who believed teaching should be based on form and those who argued for a
meaningbasedapproachthougheventhelattergroupdid notdismissgrammarasfoundational

to effective communication. Recently, applied linguistics has shown a trend toward

14
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reintegrating formal and functional aspects of language, making clear to learners the
relationship between form, function, and meaning (Nunan 2004: 37).

Language is not merely set of grammatical rules or vocabultsybe memorized; rather, it is
adynamicprocesf creatingmeaningsA learnemayknow grammaticaktructuresandhave
acertainvocabularyin theforeignlanguagebutit is crucialto find awayto successfullyapply

this knowledge in communication. Over the past 30 years, much has been written about the
communicative method, and at first glance, it might seem like a single teaching method.
However, in practice, this approach consists of multiple interwoven and complementary
approaches. The most significant shift in the communicative approach was toward viewing
languageas ameans otommunication, rathdghan as &et ofphonological, grammatical, and
lexical rules to be memorized. This shift led to the development of new curricula designed to
truly meet learners' needs. Within language teaching, English for Specific Purposes (ESP)
emergedsanimportantsubsetwith its ownapproachet curriculumdevelopmentpedagogy,
testing, and research.

With the rise of the communicative approach, the role of grammar in language curriculum
diminished as some linguists argued that focusing solely on meaning would natevallyp
language skills. However, this perspective has since been reconsidered, and grammar is how
recognizedasessentiafor comprehensionlhechallengdies in balancingts rolein teaching.
Communicative tasks require students to apply grammar effectively to convey meaning,
emphasizing the interplay between form and function.

The basic principles underpinning the communicative approach are as follows: meaning is of

utmost importance; contextualization is essential; language learning is based on successful
communicationywhichbeginsattheelementaryevel; translatioror useof themotherlanguage

is employed when necessary for learners; linguistic variations are essential part of teaching
materialandmethodologylearnersdevelopspeakingskills throughtrial anderror;andstudents

are expected to take an interactive approach and work in pairs or groups (Richards 1991: 68).

Based on therinciples outlinedabove, teaching materials atevelopedo includeaseries of
texts organized by thematic units, tdsksed materials, and authentic materials from sources
suchasnewspapearticles,magazinesandadvertisementsyhich canserveasabasisfor group
communication exercises.

3 Methodological approach and taskbased approach in creating teaching
materials for English for specific purposes

English for Specific Purposes (ESP) focuses
materialsaimedat meetingthe demand®f particularprofessionsywhereas thenethodological

approach often remains secondary, since it cannot be planned before the course begins.
According to Johnson, there are two approaches to studying ESBrthioglox approach
advocatedy Munby andWilkins, prevalentn the 1970s wherestudenineedsareanticipated

15
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in advance, with both techniques and teaching materials primarily teardeted, while
methodologys sidelined;andthemethodologicaapproachrepresentetly Breen,Candlin,and
Johnsorduringthe 1980s which alsoemphasizetheimportanceof studenneedsanalysisand

creation of appropriate materials, however, it prioritizes methodology that is steteated
(Markee 2000:28). Markee believes that both approaches have their place in teaching, and the
choiceof approachdifferswhetherthe studentsareindependentr dependablentheirteacher.
However, the teacher should focus on techniques that encourage independent student
communication during classes.

In practice, group work has proven to be an essential component of communicative
methodology, though the quality of such work should be considered as well. Analysis of
classroom work shows that exercises requiring students to answer questions based on a
comprehensiotextreadingarefar lesseffectiveat developingcommunicativeskills compared

to activities that involve filling information gaps. By assigning tasks without predetermined
answersteacherdostercreativityof their studentgo formulateresponses Englishwhichwill

define issues and propose solutions. Since no answer is predetermined as correct, students are
encouraged to defend their positions with their own arguments. The best responses arise from
their discussions, allowing them to salsess the quality of their work.

Themethodologicahpproachn ESPraisesseveralinterestingjuestionselatedothet e ac her 6 s
role, the relationship between spoken language and grammar instruction, and the approach to
error correction. The teacheros role is pri:i
studentsé communicative abilities through gr
ratherthangrammarHowever this doesnotimply thatgrammarshouldbe entirely neglected.

Brumfit suggests that the fundamental difference between the communicative method and the
traditional approach is that students are encouraged to use all available resources to express
their thoughts, focusing on grammatical accuracy afterward (Markee 2000:29). Rather than
predictingpotentialerrors theteachedirectsattentionto significanterrorsmadeduringspeech
(e.g.,verbtensearticles,or complexclauses)Theteacherasalinguistic expertthenassumes
atraditionalrole by offering correctiveguidanceAdditionally, peererrorcorrectionhasproven

effective, enhancing the learning process through student interaction (Senior 2006:92).

Taskbasedanguagdeaching(TBLT) emphasizethefollowing principles:selectingteaching
material based on students' needs; prioritizing communication skills through interaction;
introducing authentic texts; focusing on the learning process; incorporating students' personal
experiences as valuable contributions; and linking classroom language-wworkhlanguage
(Nunan2004:1).Fromthis,i tckeathatTBLT hasevolvedfromthecommunicativeapproach,

a broad teaching philosophy rooted in linguistics, anthropology, psychology, and sociology,
while taskbased instruction primarily centers on material development and methodology
(Nunan 2004:10). TasBased Language Teaching (TBLT) emphasizes small group work,
enablingstudentdo developlearningstrategiessocialinteractionsandcommunicatiorskills,

thereby embodying its foundational methodological principles.
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To createaneffectivelearningenvironmentj t n@cessaryo transformeverydayandbusiness
situations into pedagogical tasks, as language is essential for both the exchange of goods and
servicesaswell associalinteraction Forexampleto developob-seekingskills, studentsnight

drafta resume, exchange it withpartnerfor review,analyzejob advertisements, and identify

three positions that match their resume. They then compare and discuss their choices. This
exercisdransformss t u d gassivdariguagknowledgegainedfrom readingtextsinto active

use by combining learned structures and vocabulary in new ways.

Whencreatingteachingmaterialsthefollowing guidelinesareconsidered:

1 Reviewingexistingbusines€nglishresources.

1 Aligning sourcecontentwith courseneeds.

1 Organizing materials logically according to knowledge levels and setting a balanced
pace for students.

1 Assessingontentrelevanceo currenttrends.

1 Evaluatingmaterialcomprehensibilityensuringt's neithertoo simplenortoo complex
for students (Forsyth 1999:@H).

Contrary to traditional reading and translation method, the approach shifts toward
contextualization, emphasizing content over form, and ensuring that teaching materials align
with authentic communication in reaforld settings. Teaching materials should simulate
realistic situations that imply genuine communication, taking into account style and register
(Madsen 1978:5).

By adhering to these principles and integrating various methodologies, the teaching materials
for the Englishl andll coursesatthe BelgradeBusinessandArts Academyof Applied Studies

were developed. The primary challenge was aligning the needs of ESP with the diverse
language proficiency levels of students. The text content had to be clear, contemporary,
synchronized with class hours, logically organized, and suited to their proficiency levels.
Therefore, the teaching material was divided into two books and three thematic units that
correspond to three proficiency levels: beginner, intermediate, and advanced. The first level,
designed for firsyear students, includes ten units, and texts are organized in di&ogu
simulate everydagnd professional interactions, such as job interviews, telephoning, banking,
shopping, travel, meeting organization, and business correspondence. The second level, for
secondyear students, introduces business economics with topics such as market economy,
products, pricing, promotion, sales, costs, accounting, and corruption. The third level aims to
enable students to read specialized texts independently, transitioning to current topics and
newspapearticlesonissuesuchasNokia'smarketcompetitionN i  k &d@estisingcampaigns,

and corporate topics related to companies like Ikea and Miele.

Exercisedor eachunit werecreatedollowing thedivisioninto levelsandthematicalignment.
These exercises, using the lexical approach, enable students to master the business English
vocabulary, as will be illustrated in the next chapter.
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4 The lexical approachin creating teaching materials for English for specific
purposes

British linguist David Wilkins famously stated in 1972, "Without grammar, you can
communicate little. Without words, you cannot communicate at all." This perspective is
supported by research indicating that while grammatical errors might still allow for
understandable communication, incorrect vocabulary usage can impede the entire
communication process. Traditionally, English language teaching has centered on grammar
rules,with vocabularyacquisitionoftenconsideregecondaryln recentdecadegherehasbeen
anotableshift towardsemphasizingyocabularystudiesandlexical learningwithin Englishfor

Specific Purposes (ESP), focusing on language use in specific professional domains.

From the 1960s onward, the development of ESP, particularly its vocabulary, has led to
numerous studies not only on vocabulary acquisition but on teaching methods for specialized
language. Since ESP encompasses learning specialized vocabulary and terminology,
vocabulary acquisition is crucial. However, there remains the question of how to effectively
teachandacquireprofessionaterminology.Fraserargueghat"the acquisitionof themeanings

of technical terms automatically results from the process of studying a specific field in which

they are used" (nurovil, 2011: 87). However,
have specific and narrow technical meanings in a scientific field constita&®of lexical
terms in texts (nurovil, 2011: 8 tdlled semh er ef o

technicalwordsthatarepartof thevocabularyof everydayspokerEnglishandacquirespecific
meanings when used in a particular scientific field; as well as ottenhinical words that are

less frequently used in everyday speech but are commonly used in a specific scientific field
without changing their original meaning.

The teacher is often faced with the difficult task of organizing vocabulary acquisition in order
to help students to propenynderstand professional texts. Thest important things to keep

in mind the fact that when acquiring new technical terms, learning individual words isolated
from the context is not implied. According to Lewis, "lexis is the heart of language" and it
differs from the term vocabulary because it is far more complex, encompassing not only the
individual meanings of words but also compounds, idioms, collocations, and expressions
(nurovi l 2011: 88) . Linguists |ike Sinclair,
by focusing on "lexical phrases", through which the student begins to recognize linguistic
matrices, morphology, and other language features that traditionalists considered an integral
part of grammar. Their basic idea was to introduce changes in foreign language teaching,
shifting the focus towards vocabulary and its usual representation in the language, instead of
the previous reliance on classroom language and emphasis on grammatical explanations,
exercisesanderrorcorrection.More specifically,this radicalchangdn attitudes comparedo

previous views predominantly supported by structuralists, was about distinguishing the term
vocabulary which traditionalists saw as a set of individual words with their fixed meanings,
from the lexis which involvesnot just individual words but combinationsof words that we
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remember as meaningful wholes that can be connected and thus produce a coherent text
(nurovil 2011: 88).

Lewis argues that the essence of successful communication lies in mastering the lexis, not the
grammaticakystemandthereforetheemphasishouldbeplacedonlearninglanguagehrases

that combine both grammatical and lexical aspects. Teachers should shift their focus from the
grammaticastructureof asentenceo thegrammaiof words,meaninghesetof rulesby which
wordsform alinguistic matrix. This approactshouldbe understoodsa collaboratiorbetween
grammar and vocabulary, rather than a replacement of grammar learning with vocabulary
learning It is crucialto insistonlearninghowto usewordsin aspecificcontextwhichindicates

that language is far more idiomatic and metaphorical than is typically thought, while also
contributingto the validation of the fundamental idea of the lexical approach to the process of
combining words to convey the correct meaning in speech.

Thevery proces®f memorizingnformationandorganizingakind of mentallexiconis of great
importancen finding themostefficientwayto acquirevocabulary GairnsandRedmarbelieve

that this mental lexicon is exceptionally weliganized based on the semantic grouping of
words, which are interconnected through associations. The frequency of word usage is highly
significant, as we more easily recognize or remember terms we encounter more often. This
theory supports the lexical approach, which holds that it is easier to recall language phrases
stored within the semantic field of our memaman isolated words, ultimately facilitating the
learningprocesg n u r 2041i89). Thereforetherole of theteacheis crucialin pointingout

the existence of certain language phrases that students might not be able to recognize on their
own.

Dudley-Evansproposeshreestrategiesor improving ESPvocabulary:

1 Learning words apart of situational, semantic, and metaphorical framewdexg.,
terms in accounting such assetsbalance sheeandincome statement
1 Emphasizingollocationsandtheirusagge.qg.,fixed costs variable costs direct costs
indirect cost}.
1 Rememberingartsof languageconstruction®r lexicalphrasege.g.,i . . . esakes mat e
c

~

e, 0 Aif i nf I

by

growth, 0o Aéto compete on)pri

Consideringhefactthat studentsvill notbeable toactivelyusenewterms immediatelypon

first encountering them, various techniques are employed for acquiring English vocabulary in
thefield of economicsBramkiandWilliams categorizeéheproces®f "lexical acquisition'into

six stages:(1) providing examples;(2) explanation;(3) definition; (4) reinforcement;(5)
introductionof synonyms{6) illustration( n u r 20%1i90).

In this paper, which explores teaching methods and the process of acquiring vocabulary
included in the English for Specific Purposes course at the Belgrade Business and Arts
Academyof Applied Studies,we will presentvarious exercisesdesignedto facilitate the
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acquisitionof specializedvocabularyand therebyillustrate the practical applicationof the
theoretical principles discussed.

What type of eecommerceare the following? Choosefrom B2B, B2C, or B2G.

Sellingto thepubliconthelnternetis businesgo-consumepr B2C e-commerce Someexperts
think thattherealfuture of e.commerce igoingto bebusinesgo-busines®r B2B, with firms
ordering from suppliers over the Internet. This-grecurement. Businesses can also use the
Internetto communicatevith governmentiepartmentsapplyfor governmentontractsandpay
taxes: businesw-government oB2G.

—_—

Privateindividualscanrenta carwithout goingthrougha call center.

2. Thecity islooking for constructiorcompanieso build anewairport. Therearehundred®f pages
of specifications you can obtain from the city authorities.

3. Car companiesare getting togetherto buy componentsfrom suppliersin greaterquantities,
reducing prices.

é

( Mi r k 2024

151)

4.1Words with grammatical function

In theseexercisesthe emphasiss placedon wordsthathavea grammaticafunction,so-called
grammatical lexemes, where students are expected to find the appropriate terms from the text
they have read and recognize the difference in word types: whether it is a noun, verb, or
adjective, as well as the meaning of the noun itself, which may refer to the crime itself, the
perpetrator, or the committed criminal act.

Completehis tableusingwords from theext
Noun: Noun: Verb: Noun: Adjective
crime criminal What the thing made or

criminal does done in the

(hel/ s he crime

counterfeiting  counterfeiter counterfeits acounterfeit counterfeit
embezzler
faker
aforgery

fraudster defrauds
money / /
launderer

racketeers / /
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(Mascull  2002:
89)

The following exercise illustrates how students should recognize the grammatical function of
words as well as their different lexical meanings within the context of the given sentences.

Choosethe correct word to completeeachsentence.

Thebanklent/loanme$150,000and| repay/ repaymen$550a month.

| havealoan/lendto buya car. Therepayments repaidfor this are$90 permonth.

It cost/ costsso muchto eatoutin restaurantsl preferto eatathome.

| get$2,000amonthfrom my job. | spend$1,800andsave/ savings$200.

| lent/ borrowedfrom my mother$1,000to goona holidaylastsummerThenl won some money

so Irepay / repaié500.

arwd R

( Ma nldvi K @017:33)

4.2 Words with similar meaning

Special attention should be given to the correct use of words with similar meanings when
learningthevocabularyof Englishfor specificpurposesastheir misusein anbusinessontext

can lead to confusion. Misunderstanding or incorrect use may arise for various reasons: some
words are semantically similar especially in Serbian translation (e.g., predict / forecast /
anticipate) while othershavethe sameform but areusedasdifferentpartsof speeche.g.,cost

can appear as a noun or as a verb).

Some of the following nouns also exist unchanged as verbs. Find them and write a sentence us
both a noun and a verb. What are the related verbs from other nouns?

aim design leader
benefit cost market
competitol extent product
increase follower reductior
consumer innovation targeté

( Mi r kkee¢:156)
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Which is the odd oneout in eachof thesegroups of businesswords and phrases?

1. a)sack b) dismiss ¢) demote d) fire

2. a)check b) survey ¢) control d) monitor
3. a)predict b) forecast c) anticipate  d) analyze
4. a)lay off b) employ c) takeon d) recruit

5. a)rewrite b) redraft c¢) reword dr est.

( Ma nldvi K @02p:69)

4 .3 Collocationsand idioms

Collocationsandidiomsfrequentlyappeaiin thelexis of Englishfor SpecificPurposesindare
widely used in the field of economics.

price boom = agoodperiodfor sellerswhenpricesarerising quickly

price cut = areductionin price

price hike = anincreasen price

price war = whencompetingcompanieseducepricesin responseo eachother
price leader = acompanythatis first to reduceor increaseprices

Completethe sentencesvith the appropriate words from the text.
1. A price by Mills mayindicatethestartof priceincrease®y otherproducers.

more than a year ago.

3. Consumersvill getprice of eightpercentoff phonebills from May.
4. Petronis a price ;i tuusllythefirst to offer lower prices.
5. There isa price betweerEasyjetandKLM onthelLondonto Amsterdanroute.

( Ma nldvi K ®022:30)

2.Br it ai nds__hous basgonebeyend London, with properties in Kent now worth 25 per ¢

Do thesecommonexpressiongefer to earning a high or alow salary?
Mark each sentence with H or L.
z

Believeme,theypaypeanuts.
Hereallyis oneof thefat cats.

It's hardlyworth gettingout of bedfor.
It's nothingto write homeabout.

Are wetalkingtelephonenumbers®

aghrwhpE

( Mi r ke2¢:151)

4.4 Semanticand metaphorical languagepatterns

Forastudento effectivelymemorizeandacquirenewlexicaltermsi,it is essentiato developa
mental lexiconin which vocabularys organized based on the semantic relationshipgods
belongingto thesamesemantidield. Given that ESP ikighly metaphorical, it ismportantto

incorporate metaphorical language patterns into exercises to help students more easily adopt

new terms that might otherwisebe difficult to understandTheseexercisesemphasizehe
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figurative meanings of words in business English, with numerous sentence examples
illustrating the overlap between literal meanings (dagnkrupt, tax returhand metaphorical
meanings (e.gin the red, tax haveh®f certain words and expressions.

Circle the correct words to completethe text.
| started my own busine$sa small clothes shopabout five years ago. At first the (&dsts / debtvere very
highi finding the right place and decorating it, and buying the cldtiag | managed to keep within the (

budget/interest had i n mind. | 6d Ijuckleadd (3)coedittimik/ amvesthapirr the
business, as well gmyingbackt he bank. But | 6ve ac(4)sarings /yexpénsesd

borrow money from my brother to keep the business going, and now | find myself o8 / financial
difficulties. If thingsd o rgétlietterin thenextthreemonths| 6 guingto haveto declaremyself(6) bankrupt
[in theredandclosetheshop.In themeantime| 6 reallygoingto haveto (7) economisé overdrafti | éhhvie
to getrid of my assistanind workin the shop myseléll thetime. Otherwiset h e noenvdys 6bkdbleto (8)
cut back / make ends meet

Completethe text with the other words which were not usedin the first text.
| 6 \just got my bank statementthis morning and | see, to my horror, that my accountis (1)

................................... 1 will haveto pay(2)...........cccceeeeeeeeneeeeee.On the moneyl now owe, althoughl can
havean (3).......ccceeeeviiieeeeiiiiiiienn of $1,500beforethe bankstopsmy chequesHowever,| 6 mearlyreached
that | i mit. Il 6ve never been in (4) . . . . . oo

by the end of the month,but | pay my salaryinto my accountandthenl 6 @K again.| 6 liae a few (6)
................................ recent | yanewDVD glayarandmg roadtax.Butl 6reallygoingto haveto

(7) e perhapaot buy the newdigital camera hadin mind.| could usemy creditcard,
butmy (8).....ccoocuviiiiiiiiiiiiiee is $2,000andl ¢ o u | pyth® moneybackif | spentit. | needto win the
lottery!

( Ma nldvi K ®017:51)

Examplegpresentedh this studyillustratehow complexproblemdacedby Englishfor Specific
Purposes (ESP) teachers are solved: how to teach specialized terms that, unlike grammar,
follow a wellorganized principle, as words are used in relation to others in a unique way,
changing their meaning depending on the context or situation. If the lexical principle were
consistentlyapplied,studentsvould beableto acquirevocabularyalignedwith thefutureneeds

of their profession.

5 Conclusion

During the process of university reform and the implementation of the Bologna Process, a
guestion arises: can a foreign language professor, born in Yugoslavia in the 20th century and
educated under the principles of the classical education system, be a successful lecturer in the
21st century? Our education was based on a classical approach, where Latin was studied for
two years in high schools, and the first foreign language, English, was taught using rote
memorizatiorof textsandgrammatical rules. Languageudieswerestructuredaccordingto a
pyramidal,structuralisapproachstartingfrom phoneticsandprogressinghroughmorphology
andsyntax.Languagdearningreliedon grammaticabrills andthetranslationof literary texts,

with significant emphasis placed on the contrastive analysis of English and Serbian.
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Do all these methods, once considered highly effective but now seen as outdated, serve as a
hindrance, a constraint, an obstacle for us teachers in adopting the linguistic methodological
innovations of the 21st century? Or, perhaps, because we have personally experienced these
"outdated foreign language teaching methods,"” we have a broader perspective and eagerly
embracenewideas.Certainly,we aim to impartforeignlanguageknowledgeto the bestof our

ability, keepingin mindthatint o d avgrld &f rapidchangepur studentsalsowantto master
aforeignlanguageasquickly andeffectivelyaspossible Thus,weinevitablyneedto introduce
newmethodsvhile alsoapplyingthebestaspect®f whatwe consideold andperhap®utdated.

We should make use of everything that proves successful and engaging in thestemicher
relationship, listening to their needs, assessing their abilities, and constantly finding new
methodological approaches. In this regard, the next step is to incorporate emerdimgeAl
language platforms since they are reshaping the way we approach language acquisition by
offering adaptive learning ways, instant feedback and personalized learning experiences. By
integrating these technologies we can create a more dynamic and effective learning
environment that meets the demands of the modern world.
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Metody a stratégie prekladu kognitivnej metafory v odbornom texte

Methods and strategiesfor translating cognitive metaphorin a scholarly text

Nikoleta Mertova

Abstrakt

Met af or a ako odr az kognit2vnej produkci e I
vyskytujacimsav umeleckycH publicistickychg & n r boechry cenh o prejave nevyhyba

sa v § aaki odbornémua vedeckémutextu. Spbésob, ktorym prirodzene pristupujeme

k zmyslovému a racionalnemuzachyteniuk a g d o dabjektivegj reality, hodnoteniu

a ponimaniu sveta, schematizacii, kategorizacii a konceptualizacii skiusenosti a jednotiek
poznania (informéacie) je chapany ako proces kognitivheho modelovania prostrednictvom

kognitivnej/konceptualnej metafory T § ako nevyhnutns§ s¥| as S
kagd®ho n8roda zachyt8va obsahy, sk¥senost.i
kagd®ho indiv2dua a ©profiluje ich do n8gh
kognit2vneho rastu, posti hnutia rel8ci? soci
abstraktn®ho myslenia a de/k-dovania vIznamc
poznatkov a poznania obrazov, ent 2t obj ekt c
ng§gho sk¥mania ju zachyt8vame aj v odbornom
anal - gi 2, ktor® zachyt8va) je pre s¥ asn¥ t

zékladebudez a o b analya@dbkonceptualnemetaforyajej konceptualnycldomén z oblasti
odbornéhqgazykaatechnickychvied, analyzourekladovéhakvivalentuap o u ¢ isttafégii h
pri preklade metaforickych terminov.

K O v slow&kognitivna/konceptualnaetaforakonceptualizacigrekladodbornéhdextu,
metafora v preklade, terminologicka metafora.

Abstract

Metaphor as a reflection of human cognitive production is a relatively frequent means,
occurring in artistic or journalistic genres, common speech, but it does not avoid professional
and scientific texts. The way in which we naturally approach the sensory and rational capture
of everyday objective reality, the evaluation and understanding of the world, the
schematization, categorization and conceptualization of experience and units of knowledge
(information) is understood as a process of cognitive modeling through cognitive/conceptual
metaphor. As an essential part of the cognitive paradigm of every nation, it captures the
contents, experiences and images of this world in the mental space of every individual and
profiles them in our language. Metaphor is a means of our cognitive growth, affecting the
relationsof the socialworld, expandinghe boundarie®f humanknowledge abstracthinking
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and de/coding of meanings. It is a result, but also an instrument of fixation of knowledge and
cognition of images, entities, objects of the external and internal world. As the subject of our
research, we also capture it in a professional text, and its adequate translation (and the
translation otheanalogies it captures) ischallenge for contemporatyanslation studies. On

the basis of the above, the paper will deal with the analysis of conceptual metaphor and its
conceptuatiomainsrom thefield of professionalanguageandtechnicalsciencestheanalysis

of the translation equivalent and the strategies used in the translation of metaphorical terms.

Keywords: cognitive/conceptual metaphor, conceptualization, translation of a professional
text, metaphor in translation, terminological metaphor.

1 Uvod

Postupnaylobalizaciaaz v 1 gzaujeio vyskummechanizmoW u d s k@leniapodnietil

aj etablovaniekognitivnychvied,ktorésav g i r Kootemtezaoberajlvyskumom,objasnenim
adefinicioukognitivnychkompetencil | o vNeekpachyb,g &ognitivhavedaajejjednotlivé

discipliny (kognitivna psycholégia, neuroveda, psycholingvistika, kognitivha lingvistika,
kognitivnatranslatolégiainé) dokazujug &yskumkognicieajehozameranige opodstatneny

najm2 so zreteOom na pochopenie kompetenci?
objektivnejreality. T r a d pristupy® o t e r skiimgrksizimovurevidovanéa komparované
saktualnymitézamip r i kaprehodnocujinajmavychodiskan a r § gnay & aho v e k a ,
mysle, jazyka a recepcie objektivnej reality. Objekt vyskumu sa vyrazne posuva do oblasti
interdisciplinarity a aj metodologicka baza kognitivhe a antropocentricky orientovanych vied

je v pozz2cii, v ktor ej sa st8va kooperuj ¥c
priestorom pre samotnl viskum a riegenie ot
humanitnych, socialnych, prirodnych i technickych (exaktne orientovanych) vied (Petrikova,
2015). V tejto suvislosti Galikova, identifikujac zakladné znaky metodologie kognitivho
vednychdisciplin, poukazujenaA aunanieprirodzenepovahykognitivnychstavovl | o v e k a fi

a Ab) formul 8ciu principi8lne testovateOnTch
Aktualnetranslatologické&yskumypotvrdzuji,g éterdisciplinarnesmerovanigranslatoldgie

je viacmenejprirodzenéag ¢ vyraznymipartnermisastavapravekognitivnavedaavyskum

komuni kal nej a pragmati ckej funkcie jazyka,
(transfund8ciou) viacerTch druhov relovich
verejnéhd a odborného, tak na Grovni sémantickej, ako aj formalnej. Prave na zaklade
uvedenéhop o v a ¢ diskusimktora sa realizuje na baze kooperaciediskurznejanalyzy

a terminologického/lexikalneho fundamentu z oblasti diskurzolégie a translatologie za
opr8vnen¥% (bliggie pozri Mot ykovsg8, 2014).
1.1Kognitivna metaforaajejd e f i nmyimédae®ie

'VerejnlT diskurz sa vylleRuje v opoz2ci.i vol.i gr
di skur z, ktor®mu s% vystaven® ¢girok® vrstvy oby
sprostredkovanl girokej verejnosti pomocou masme@
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V naj g izmygleimerpretaciepojmu metaforavychddzamez faktu, J es pt sobi | os S
k vytvaraniu metafory e s %] asSou komplemehta§d®bhjo kodoowie
nositeOa jazykovej kompetenci e (porov. Ly
pochopenia vzSahov anal - -gie v Oudskom mys

(chapaniu) a definicii metafor ako spésobu konceptualizacie objektivnej reality nas
privadzaju k problematike, ktort v antickej filozofii iniciuje a ktorfPeetike®e s d Us a j d )
predostiera grécky filozof Aristoteles (384 pirBR22 p.n.I)?
Problematikgpoznaniasvetaajehoodrazuv O u d sniysé, pastrojovpoznavania fixacie
poznatkow sveteal | o vbeldpertraktovan@ajmavo filozofickom mysleni(Aritoteles,

T. Akvinsky, T. HobbesF. Nietzsche,). J. RousseauG. W. Lebniz,L. van Wittgensteina

inz), a nesk?r v |lingvistike (A. Ortony,
AruSonovov§, A. N . Baranov, Z. I . Rezanovo
sa predovgetkim na vichodisk&8ch, Kktor® n§:s

(prioritne kognitivnej lingvistike) a translatologii (transpozicie vyznamu a zmyslu
dominéant), sposobufixacie elementovkognicie a empirie (poznatkov)v jazyku, r e | i
akomunikaciiaktorévypovedajio tom,p r ehbvorime(vyjadrujemesa)istym spbésobom

a | to priamo koreluje s t1m, ako mysl 2 me
jazyku.To znamenag @ tejto stvislostijazyk chapemekomédium ktorénamu mo g Ru j e
odkrTvaS in® ¢gtrukt %riyj eah o¥rvozvehaeh Cku djsakved m oas
neho, inym O u N oviastneja cudzej kultdre (v interkultdrnom kontexte), elementom

a fenoménom vlastnej osobnosti.

Virazng zmena v tradilnom aristotelovskom
nastroja jazykare vyjadrenie anal6gie prostrednictvom poetickéhspsga s teoretickym
reémcom vymedzenia metaf or? Tuta kniu pretina tadmiam nu O
metafory ktorouG. LakoffaM. JohnsorA [ . . . | paspddotgakymfilozofi vytvaraju
metafyzick® tvrdenia prostredn2ctvom met af
Z kagdodenn®ho jazyka kongtruuj % konceptus
tomto z8klade sa usiluj¥% systematicky Vvys\
ciebom | e charakteristika (dosl ovne) resl
neuvedomovanlch metaford (LA&Pravk fu,v sioSobed , 14
akymchapemevetaopracuvame myslifakty, ktorérecipujemesaukazujed i gt i nkt 2 vno

2 Horizonty a modus nazerania na analégiu v poetickom zobrazovani, predstavené Aristotelom v jeho
koncepcii (umeleckého)napodobovania a bésnenia anticipuju predchadzajuce pochopenie
Aristotelovych Gvah ontologického charakteru. Jedno z prvych Aristotelovych diel predstavuju
Kategoriea idey nazerania na kategorie jestvujacien nim predstavené suvisia s interpretaciou relacii

| asti a celku, jednotliv®ho, konkr ®t neho a vgeol
spol ol n® pre va&a|l g2 polet jednotlivcov rovnak®ho
prvej podstaty, resp. prvej Ssubstancie jestvuj
Aristotelés Kategorie 1958.

SPre kritiku prvenstva Lakoffovej te-rie o konc

porovnaj dieloPoznamky k te6riam metafory. Giambattista Vico( Mi kul 8g, 2017)
4B 1 i pogovnajLakoff, G.& JohnsonM. 1999.
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a protiklady v chapani vyznamov na lidibslovnya priamy verzusnetaforicky(porov.

Lyons, 20083; G8l i kov §, 2011) . Ako n8m ukazuj e
kognitivnehosystémye metaforickarozsiahld a s r&hoje nemetaforick&a metaforické
ch8panie je zalogen® na nemetaforickom ch§
1978, 244)Bez doslovného chapanpadstatyt o h o , okdlomas slegenie smeschopni
premietas spracovan® poznatky do koncept
metaforickéhaharakteriar e k o n gt ir @ fo @ ra chchdpardeMetaforickyjazyk

jetakA[ . . . ] p manifestdiokognitivnejme t a f(LakofyifiOrtony,1978,244).

Gaélikovav danejnadvéaznostk o n g t gaeheutj sef, o aldébadl lo s 4 P Aévisiy g B/
konceptus8l nej organi z8cie, Vv r8mci ktorej
rozdielytypicképrep r 2 s jazykpvukamunitu(Galikova,2011).V tejtosuvislostimedzi

naj vIi zn sadimepravgspa@minandoncepciev ponimanikonceptualnejnetafory

G. Lakoffa a M. Johnsona, ktor?2? odkazuj ¥ Kk
komuni k8ci i (naj ma Vv s¥vislosti s ngstro
ozrejmovanibstraktnyctpojmov). Lakoffovakoncepcia konceptualnejetaforyreviduje

doterajgie, konven| n®, ontologick® ch8pani
tr-pov, vyjadruj Ycich tradi| nT, aristotel

us ¥%v z S dvgohaviacerachobjektovl javov,ktoréspolunemusiss ¥av i (Eoiovansy:
tak akosamazimak starobetak saméajar k mladosti)® P o d A A. Richardsg1990,47)

met af oru nem:geme definovaS |l en ako jazykc
alebo kontextu8lnych posunov (obratov), pr
interakci a i de? a Zzmena kont ext u. Met af o
prostredn2ctvom porovnania a odtiaOto pr a
metaforaakoju profiluje G. Lakoff, je ,,[...]zobrazeninv rAmcikonceptudlnycld o m®n . . . f
(Lakoff in Ortony, 1978, 245) , prilom s¥ t

(Lakoff in Ortony, 1978, 245). Konceptualne/kognitivne metafory tu predstavuju isté

ramce anticipovanénentalneschémy vzorcektoréu s me rnRaugjestenie hovorenie

a spravaniektoré kognitivni lingvisti odkryvaju na zakladeanalyzytextovéhomasivua

A[ .. .]mnogstva empirick®ho materi §lu (real
met aforick® jazykov® vIirazy ¥ Bohupitkg 201 T z nam
100101).

Kognitivnametaforge s ¥ a 2 ywhdiskurzov,nevynimajumdbornyjazyk a diskurz
odbornej a vedeckej komuni k8ci e, ktor® sY
| i n naongskummutranslatolégovk e NKpgnitivnametaforaje jednym z javov, ktoré

Lyons pracuje s myglienkou, ge doslovn® a met af
ich viroku tak, ako sa vzSahuj % ku kontextu, t .
podmienené.

®V met aforickej projekcidi vzSahu veku | loveka (

parcialnychetdpkalendarnehooka)aj v slovenskekognitivnejbazebadamdiguralneparalelyv ramci
metaforickéhanodelul. L OV E RRIRODA:napr.zobrazovanig@restarizakojesend) i v (Autuain

of Years)d i e Sa/ di eakdr iuna /v BorstickaaantropomorfndnetaforauA.S.Pu gk i n a,
zoomorfné metafory | ovek ako medveN, chapadel e-n, sova, rani
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tvoria komplement8&8rnu s¥% asS technickej a
pr2stupu je potrebn® tak¥%Wto t®mu presk?¥ma s
Prijatie metodoldgie kognitivistiky v procese identifikacie a reformulacie metaforického
term2nu a ch8panie metafory ako organonu i
aplik8ciuwu pri model ovan? objektov kompl
prostrednictvonmetaforyje pomernd a s jafomnajmav takomdiskurzektoryv y u g 2 v a
metaforicky prenos a projekciu pre tvorbu novych pomenovani, resp. modelovanie
podobnosti, anal -gie pri oznal ovan? wvlastn
prenosu do druhej. V takomto pr2pade sa o0z
umogRuje rTchlejgiu predstavu o jeho vl ast
sptsobom jednoduchgie a efekt2vnej gie osvo
ktor® nazlvame i stl m 9rmpcujeokorounkator®, obsdhlji@ichat e O
rézne typy konceptualnej/kognitivhej metafory v odbornom jazyku musi nevyhnutne tuto
ideur e g p e &zt aobveazf@resiaciuSaprikladAt e r mi n o Imetafdrso k Da d B m
na mognosti zachovania invariantnej | asti ¢

1.2 Metodologicky aparat prace s prekladom metaforického terminu

Rovnako ako profesiong8li (odbornz2ci), aj gt
pripravuju na vykon buducej profesie prichadzaju do styku s diskurzom technickych vied, pre
ktorT je typick8 technick8 komunikaln§ sf®r
kontaktuj ¥ s textami odborn®ho funk| n®ho a
(Chovanec, 2020). V ramci dlhodobej pripravy pre samostatni profesiu a prichadzaju do
kontaktu s odbornym jazykom a komunikatmi z oblasti technickych vied, pre ktoré je
nevyhnutn® pristupovaS z poz2cie gtudenta kr
2021).

Kognitivnametaforay odbornom(technickomYextepredstavuj& O Y4| domirtantupdktorej

sal a s t adkijav§zhamjednotlivychvyznamovychH a alébdajceléhokomunikatunielen

parci 8l nej | asti prekl adan®ho textu a kont ex
V tejto sYvi sl osti j e podstatns§g identi fik
metaforickych terminov, kognitivna ekvivalencia metaforickych terminov a Kklasifikacia

met af or do tried podOa konceptuS8l nej dom®n

komponentu)Tu sapotvrdzujemy § | iGelLaKoffaotom,g @jmetaforickéz | ogpk g e me
c h § pea\BN a kemetaforickémua doslovnémuvyznamu(Lakoff in Ortony, 1978, 244)

a mnohokr 8§t pr8&8ve nemetaforickl komponent 0
kontexte.

Pri preklade metaforicklch virazov prekladat
buNumo § Rachjoeanienet af or i ckosti a f un kmetatoscke) konc
projekci e, i mpl ementovanich do gtrukt¥%ry (foc

transforméciuktordzachovéominativnyzmyselmetaforickéhderminuanevyhnutnesp6sobi
modifikaciu lexikdlnes ®mant i c kT c h a gramatickTI ch char
adekvatneho ekvivalentu pri preklade terminu s nizkou variabilitou je vysledkom vysokej
zodpovednostp r e k | aafelov e Ownodnychprekladovychkonvenciiza profesionalny
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rzstup od spracovaniu hypot®zy viznamu pre
ymedzenia ekvivalentu prekladovej jednotky.

|l astnl ¢givot, viacer® prijme prekladat eOsk§
tTm sa stan¥% akousi kognit2vnou rutinou. i
rekl adateO poznal a poug2val tak®t o ust 8l €
1] e gsuw ramdi z a u § 2 vpeekiddavychkonvenciip r e k | a dastugy Qité ®
kvalitnim a hObkovim regergom a verifik 8c
trat®gie (Jen| 2kovs§g, 2020; 2021) navrhnut ®
unk|l nost i v cieOovom jazyku. A. Kogel ov §
tor T mi by mal di sponovas: Ajazykov§g, inte
trategi ck§, technickg§g, trhovg a (meta)krit
ongtatuj e, ge v&azbu medzi regergnou a ver.i

emogno prehliadnuS (2018).

2 MetaforickosS Oudsk®ho myslenia Vv

metaforickych terminov. Diskusia

Bezmetaforickéhanodelovaniaeality, ktoréje zafixovanévo vysledkochOu d $ k eajn o s t i

a rovnako aj vo vede, by nebolo mogn® ani
Ar u Su n gewnevyhButnécitlivo p r i s t & podelgiSejfunkcii metafor, ktora

Anielenge formuje predstavy o objekte, al e
(AruSunovovsg, 1999, 378) To, | o pre n§s pr
obmedzen® ani propozicion8lne. V tejto s¥v

to,| onetaforaskryva,aleakcentujego,k| o nalt akymvyznamommasmetaforgorivadza.
A Ma jn#aetelic i @ Pme n ¢ wagdSe, métadoraA o z n a $askpredstanemek

pochopeniu, e zoanammiekoacwnl ér §f Dae Ok on,
skrytéhoobsahu,imanentnéha@myslu metaforounie je n i | iAym n e j§j samotnym

posobenim na a goznanie. Medzi obrazmi poznavanéhachovavaného v skdsenosti a
slovom ako takim, podOa Davidsona (1991),
vymena.A teda,povedanéspolus A. Pot e b/RMant: a f oje v e |k reasitfitom
jazyka a preklad metafory je mognl |l en pr o:

Metaforické modelovanige ako komplexny mentalny a kognitivny proces chapané ako
pragmatickéo d h a O ovyzaamovygchkorelacii medzi univerzalnyma unikatnymvo
vyznamovychpriestoroch] @ r e d p o k | a d & j peEeSigavéoakonfiikiné sféry
nacionalnehainternacionalnehd o dAOR.L u d i mé dpoay rBetaforaslovom ktoré
disponujeobraznymvyznamomaleaj procesommetaforickejexpanziesémantiky jazyku

v podobe konkrétnej k o mu n i ks#uaaeelj i formou myslenia, kognitivnym
mechanizmom samotnych k o mu n i k gioaedoe |hi mechanizmom ziskavania
poznatkovrezultativnosti.Samotnametaforav podobemetaforickéhoterminu je tak
vysledkom metaforickej projekcie (transpozicievyznamu) na baze analdgie dvoch

"Tentoterminb | i g lgji @ prRce NDIAT u Su n ¥ WoGakadG.B.Sk Oar evskej .
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vyznamov.V dosledkuzv. metaphoricamappingt. j. metaforickejprojekcieempirickych
vyznamovzo zdrojovejdoc i e Glomméayy t r u kdebentyzprdjovejdoménymene;
pochopiteOn% konceptu8lnu cieOov¥% dom®nu,

potenci 8l u metafory. Zdrojom poznat kov, t v
bezprostredn®ho vzg8j omn®ho pltsobeni a | 1 0\
Metaforick& projekcia tak neprebieha iba medzi jednotlivymi elementami, komponentami

oboch tlTchto gtrukt¥%r poznatkov, ale aj me
V pr2pade, ge v priebehu metaforickej pr oj

gtrukt¥%ry zdroj ovejtrandpolac®wn yc iad @dwe jj ed o nv&pnl en, €
invariant (tu sa opierame o podstatu Lakoffove] hypotézy invariantriogtivariance
Hypothesi¥ (Lakoff, 1990). Transpolaciou vyznamov konceptualnej metafory do iného

di skurzu | astokr 8§t expedient Amani pul uj ef
(konceptu)metaforytak, aby metaforickymodel,t. j. prenoskonceptudoc i e Cloruéayj
s konkr®tnym obsahom vyugil pre svoj komuni

2.1Gp e c itrdnsldci@metaforickych terminov

Pri preklademetaforickychterminovvychadzame nasledujucickkritérii:

1. Odborng8 komunikaln8 sf®ra je gpecificks
ktorénerazu mo ¢§ Rlalggém atranslatolégorm a h | i réeénzaofonub e g n ® h o
jazyka, ale aj gpecifik8 odborn®ho jazyk:
tedaobjektivny(deskriptivnyakriticky), vecnyabezexpresiq S| a retlalb, 2083).

Preto aj preklad metaforického terminu predpoklada absenciu emocionalnej
a expres2vnej zIlogky.

2.Term2n m:ge byS motivovanl (obraznosS al
symbolicka korelacia) alebo v doésledku internacionalizacie prijaty do sustavy
terminologickej bazy vedeckej discipliny a akceptovany vedeckou obcou (ako
arbitr8rny, nemotivovant). ML g e di spon
charakteristikou (v z8vislosti od pol tu
kumulacie metaforickej projekcie (konceptualnych domeén).

3.V dtsl edku | o n ajprivdgsighingijvecnosti @ obgektivityni peocege
pri nominacieobjektovajavov z oblastitechnickychviedm? ¢det jk&d 3 mi egavani u
konceptus8l nych dom®n, | o skwusenl prekl a
interpretdcie Fauconnierovej a Turnerove] koncepdimjdoménovéhomodelu
metafory (tzv.two-domain modgl o v & | gi e mno g smanysPacepr i e st
mode). Argumentéciou v prospech tejto koncepcie bola téza o tendencii metaforickej
projekcie k priebehu v oboch (prechodnych) priestorochidle spacés ktorych sa
metaforaformuje(vc i e Caajv edjojovejdoméne)Nabazev y ¢ spomenutéhie
gi aduce analyzovaS namiesto dvoch koncep!
dva vstupné (vychodiskovénput spacef genericky( s p o | o | generic spages p .

a zmieganl pr iblenslddepade( bl end, resp.

Napriklad,namiidentifikovanymetaforickytermindzj o tsL d3zH g dflapzibpifdizils dzd ¢ ©

(trans.n e v 0 z mu ¢dlvao ngremnjniky ebsahujetri komponenty:;jedendynamicky
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(spatys charakteristikoyohybuobjektu ktorym! ey pfitomnyaleboa b s e n advay a S)
statickévo forme substantivyV tejto savislostibudepre naspodstatnaj Dolnikovaideao
konceptualnyclschémaclstatickéhca dynamickéhacharakteryDolnik, 2009, 285 287),
prilom AStatick® sch®my sa vzSahuj % na ob
schémysadotykajupriebehudeja(tejto diferenciaciizodpovedalvojicavyrazovFRAME

i SCRI'PT)A (Dol n2k, 2009, 285) . V tejto f §:
ekvivalentu sme stanovili, ¢ge term2n obsat
konceptualnu doménu 1 sme identifikovslibjekt pohybwa konceptualnu doménui2

potenciala atribGty pohybutelies, ktorénamu mo gwyi tavstaticki&hémuhypotézu

vyznamu a invariantnu hypotézu:

Konceptualnaloméndl

POHYBT GI VOT

Atributy KD 1:pr ud kT, pr i amo harognorgerny r ovnomer nl
Registertechnickévedyi kinematikai Keplerov,keplerovskyr u g @me’r ugen |
Konceptualnaloména2

VESMIRNETELESAT G| VKEOMPONENTY

Subjekty:d r u gsputnik,satelit,vesmirngeleso

Napr.d r u geivpohybe]eti, hybesa,vykonavgpohybk r vag i
Hypotézaareformulaciavyznamu:metaforickyterminvo vychodiskovonjazykusi zachovava

vy gg? stupeR obrazotvornosti ,otspiizh gtoplgek vi v a
vozmug)ljernonzyhjor | enT , po betwerRorzTh,orif enims Gvainhos S
atri bt vesm2rneho tel estatopsdals Owz! dzasg t (esttse d3&zp §
perturbacia)ktoré pomenuvadklontrajektérievesmirnehaelesaod progn6zovaneprbity,| o

je vyvolan® gravitalnim ptsoben2m, nd&pr 2kl a
Nar u gkepleronskéh@ohybud r u ¢ io @ & afpkfpmidochadz& vznikun ar ugen ®h o
kepl erovsk®ho pohy b portal BAYyvadza andlogickéntermindlogiaké ¢ k T
spojenie, terminkkeplerovska draha kométy kt or 8 mt ge byS v z8vi
vonkaj gieho vpl yvu n a dr 8hune ko gi®to§ymunay j adr
keplerovska) alebo ugen8 dr 8ha kom®ty.

Prekladovy ekvivalenth e r u @eplarbvskyp o hy b  HMp eurgti crebovani pohyb
Metaforickdprojekciavznikanazakladd nt e r f epreeosulkon@imariekoncepto KD

1aKD 2).

Analogickym spbésobom postupujeme pri preklade metaforického ternfirgic z tc ©

9 0dz! Mdtetse Odzgdtvr dyf & IsdAdiCPur a vaOsirovanija sput
domény:

KD 1

8l sdz EOMMd L ey @ dz®004i201d. fjanuar2025).
https://old.bigenc.ru/physics/text/1924475

® Terminologicky portal SA\(februar 2025).
https://terminologickyportal.sk/wiki/Term%C3%ADn:keplerovsk%C3%A1_dr%eC3%Alha_kom%C3
%Aty

33



cellSTU

Conferenceproceedings: eecee SiF
SLOVAK UNIVERSITY OF
L

Perspectivesf ForeignLanguagd eachindor ProfessionaCommunication ~ 1ecuno LOGY IN BRATISLAVA
FACULTY OF MECHANICAL
in Tertiary Education.

ENGINEERING

Gl VOPOHYB (SUBDOMENAPOHYBUi TANEC)

Tancoah®OHd Mdltse Ols

KD 2

VESMIRNE TELESAi KOMPONENTY VESMIRU

Satelity,d r u glischepné y k o notv8al Barvih@chyb( t an ¢ eaa §$2 k) )

KD 3

9 Odz! fd tf HEOdz{dilg 'o;t5L dszdojtsozddgd ¥ dedz@WD dz! ) d t¢BekedRiGzd W

2011).

KD 1 sa dok&8ge projikovaS do konceptu8§l nej
Gl VOFOHYB(t a n cwa latet k e Gloméayplanétyobiehajucgkohoe| o plahéty

kr %gi a okoKIDo 2()| oshloeebo tvorenej na b§B8eéavidys o]
kr %gi vdo pohg®oveajgedmdm®rey ugenl R3B!l avli pohyb
V g e kdngeptudlnedomény generi ckom priestore reprezent
drugzc.

22Mo t i v o \matafariskgh terminov z oblasti technickych vied
Metafory v technickych textoch sa napriek prognéze, ktora vychadza z predstavy o sterilite
expresievo vedeckéhdaextu,jehovysokejobjektivnostiaf u n k |vpskysijtivihojnomp o | t e

a maj % nezastupiteOn® miesto pri Nal gom vI
napr 2 k!l a8&rummpwmefehiy (Aovor . ) nie je nil2m inlm
efektomWahwah ktory sal a s t sp&jasdslangovymvyrazomAkvakadldi(v rus.o Q&0 kz ,

CoOCEMCO, Co0OC¢j tg, Co0C) , oznal uj acim skupin

akustika nachadzame reprezentanty metaforického prenosu na baze asociativnosti, napriklad:
budeny reproduktof r u s . tcj ftesH EZC Iststc  Iigvikdvis rep@ukidzgfus.d © © dzd |
oz stodz" 2 CcCtsiPwatd stedls j(de'p)s,0d vk dasMmdets?2 @ tets i3S s

paskovy reproduktor( r u's . dzj dzls tsydz' 2 #rvestolgy &knsfontériesd Is | dz! )
¢ Odzinls d3dsD t& R WAimldg)iekompetencialebol i n njo salebon e ¢ isubstancie
odhaOuj % potenci §I v kongtruovan? konceptus

metafor, naprikladf e ¢ 0% h d(glov.ckpkdmié gény, transpozony kt or ® m! gu d ¢
pr e s k akmojearhachromozémumedzidvomachromozémamaleboz chromozému

na plazmid),s yOtetso OdzdzOv YOMmlisdy OL 8 Q&Langl. Chdrda’ Jov. € 8 Otc €
povabnykvark/kvarkc/ § a r mkoarkikvark druhejgeneréacies elektrickymnéabojom+(2/3)

e)alebofn Is tc O d€dy @BE o Qétyinmol.odnazvukvarkufn Is tc © dzdamdh Btrangeness

t.J. slov. podivnykvarkalebokvarks; je kvark druhejgeneracies elektrickymnabojom-(1/3) e

a podi viDosSou

3 Zaver
Zakladnou ulohou prekladu komunikatu z oblasti technickych vied je jasné a presné,
zrozumiteOn® sprostredkovanie invariantnej
oblasti si n8rokuje citlivejg?2 profesiongl
technickl text je saturovanl ter m2nmi rt

metaforickymi terminmi, ktoré si v y g a dbdbpriy, exaktny pristupa dodr gani e
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prekladovyctkonvenciiP r e k | pretomtsi ©xtomodbornéhd un k lan®b o n ®h o

gt Tpirui st wadpovednSa s vy ugivigemipi ek | a d akbnep€enéiil ¢ h

Z hOadiska pougitia funkl|lnej pr supdtitdacthat e Os k
rozg2rens o] prekl ad S pomoc ousémantckep f or i c
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Tendence k nominali zaci v rusklch a

Nominalisation Tendenciesn Russianand CzechTechnical Texts.

GabrielaMat y 8gk ov §

Abstrakt

PS2sphDvek si klade za c21 podtrhnout dTlegit
ciz2ho jazyka v oblasti terci8rn2ho vzdDI 8v§
j azy kP ali eagytatonapdbornychtextech K obecnynwvlastnostenodbornéhdextu

pat $S2 mimo jin® abstraktnost a obecnost, | ej

Stylisticky neutr8ln2 vyjadSovgn2 je sp2ge Vv
pozorovatendenck nominalizaci Gramatickymivyrazovymip r o s t t&ateddencgsou

t®9g verb8l n2 substantiva, kter88 hojnhD vstupu
upSednostnhNn2 tRNchto verbonoming§ln2ch konstr
zamhNSuje na ugit2 a anallTzu zm2nDnlTch gramat
odbornlTch textech z obl asti pS2rodn2ch vnDd.

|l iteratury a je doplnhDn pS2klady a podpTrnlm

K1 2 | slova8 nominalizace,odborny cizi jazyk, odborny text, verbalni substantivum,
verbonominalni spojeni

Abstract

The paper aims to emphasise the importance of a comparative approach in teaching a foreign
language for specific purposes within the tertiaalyication. In this case, using technical texts

for teaching cognate Slavic languages, Russian and Czech, is concerned. The general features
of atechnicaltextinclude,amongothers,abstractnesand generality, whicaremanifestedn
nominalisation. General discourse is rather verbal, on the other hand, in technical written
discourse the tendency towards nominalisation can be observed. The grammatical means of
expression of these tendencies are verbal nouns, which abundantly tend to be part of verbo
nominalconstructionsThepreferencdor verbonominalconstruction®ververbalpredicates

is alsotypical. Thearticlefocuseson theuseandanalysisof theabovementionegrammatical

means in Russian and Czech technical texts in the field of natural sciences. The research is
conducted on material from geological literature, and is supplemented by examples and
supporting statistical data.

Keywords: nominalisation, foreign language for specific purposes, technical text, verbal noun, verbo
nominal construction
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1 Uvod

V. pSedkl §dan®m pS2sphNvku pSedstav2m kompar a
cizihojazyka.V odbornémextumamy ¢ | silnokiamgumentacio b z vje BZdyTSr alzod N n

|l ogi ck®ho wuvagovg§n2. C2lem vhDdy je odhal ovat
odborn®ho |jazyka, kterl je tedy abstraktn?z,
lingvistkaK o ¢ i etal\(2808,p.289).L | § jer & mInjedenaspekipsanéhmdborného
jazyka,atim je jehoabstraktnosh obecnostTyto vlastnostjsouv gramatické o vfi afdms8 1| n D
vyj 8§8dSeny nominalizac?2. Ve stylisticky neut
avgak v odborn®m stylu | ze pozorovat pr8vn t
Tendence k abstraktnosti a obecnosti vyrazu se projevuje nominalizaci projevu. Mezi
gramatick® virazov® prostSedky nominalizace
verbonoming§ln2 spojen2, SetNhNzen?2 genitivT T a
budou analyzovg&&na vigeuveden§8 substantiva a
odbornych textech na analogické téma.

Projevem nominalizace a s t2m souvisej2c2 A
abstrakt (Belka,2)19%2,er@p.bT 2412 soul| §st2 u:
| iteratuSe se jako pS2«tianjy? dppbsdejrrafRal@kBdcjh | me

2020, p. 43);zahgjenj zastava( Be | k a , 1992, p . 231) . Ver b8l n
slovesay y j ald iSm jpdtwdetakéo z n ajakasjogesndJsour ov pNgst §dd kn@m
kondenzace. U verb8ln2hovalubsimhtpoai ceeviuph

a rovnhDg je mogn® vyug2t spojen2 s negaln2m
soul 8st?2 verbonomin8ln2ch spojenz.

S nominalizac? souvi s? | pojet? dRDjov® dynar
toti g statika znamen8 z8konitost, pravidel n¢
dynamickaslovesau ¢ 2 weavyzhamustatickém.V odbornychtextechje to b N g nMg ¢ 2

v beletrii, protoge se ji mi vyjadSuje ApSed
vzt @Bdl992p.230).P S 2 k Istatitkyamlovessouslovesaytamit aletakén § 1 e g e t

p a t, sRladatse Srov.p S 2 k N segllovesenbyt Jsout $ iT znar®vés o u s t Shovegoé

mitse | asto vyskytuje v us.t 8m2etnTdoihvyesgmotvons?tc h s |
Bel ka (1992, p . 231) oznaluje verbonomin8l n?2
kdysamod NDje?¢ y | § ch®em o Bikom 2 kutoaudadiv N tDachazik patologickym

z mN nv®rganismuTentojeviep S 2 k Itza. thdtiverbizacekterau mo § R p j[Sensbon i t
rozvinout viznam jednos!| ovn ®iatologicgkyrh mPSd K End en
v rugtinhD pak mTge btltstsdvesrtsbHogniso nmatmissis SoasdssCplzo j e
sB tc OB Ols (GColavisr, 2020, p. 42). PInovyznamoveésloveso je nahrazenoslovesem

s oslabenim viznamem, Kkter® nese gramatick®
dNj ovi m s utbestaCGentle vile md Nj ovim substantivem od
zmNDnaGol ovko (2020, p. 43) tak® tvrd2, ge ve
Yl inek. Tyto konstrukce totig thejsdtsudlve Odz®H
znamen§, ge analyzovat nhDjakl probl ®m mTge o
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Verbonominalni spojeni se z pohledu syntaxe interpretuje jako speciélni druh predikatu, a to
predi k8§t anal ytickT. Ten je vyj8dSen wust §I
celistvou s®mantickou jedSobku ¢BL2drov§, Ga
dlszH jdalst ftodded 3Ot ls EZyomlsdy o wWyhjezdgdi fipH @c tb¢
pS2padhN verbonomingln2mu spoj®nademltgie soed p &\
rozhodovani o pedagogickych otdzkach.

2 Metody

Ugit® pS2klady poch§&zej 2Soweemendye prablemylzbchenijaa c 2 ,
golovonogikh molljuskof Sov) ) a Gedh®gil els® ® (zkumy na Mo

(Geo) ), obnND byly vyd8ny roku 2021. Jisou vy
sledovan® gramatick® prostSedky jsou u pS2k
pSevzam®ho dizertal n2ho matdriduce h®r yr pve d prlj@d @ h
o texty z geologick® |iteratury, ze sbornzkT

k v ant ivyhadndcandd% dokladovéhanaterialu.To odpovid4lOruskymal0l e s k T m
odbornymt e x tAmaiyzovanymaterialbyl vydanv letech20192022. Statistickéldajejsou
d§l e prezentov8ny ve sloupcov®m a vIisel|l ov®m

3 Vysledky
PS2klady ze zkoumanlTch textT ukazuj? pougit
vytvoSena od verba nebo adjektiva. V odbor n

substantiv v jedn® vRtN (viz pHeddzaddBy dkfls:
o st j YO, jsdgthiylls i) 826 dzd p § 3 ©,kdejdoutytop r o s ttSPpid-d M2 nNnost
omezenipr ot algenz2 m

Proruskyv Dd esctkyil j sou typick8 verb&dp2(plivslt ady i
oznal uj 2c? dnj , a abstr akfpls:( dlepi®y keloachya B3 | ¥
vlastnostV | e ¢ fetosténéu p | a sefRetbilfisubstantivas t S e thduharrdi) nebo

4+ (2) utvoSen§ z trpn®ho participia a-ot2kl oRo0\
pat $S2 k dekl i in®ci kost (pS2klady 6

146G OL Odzdztsgh dets® Dtz j 1 | dzjsdeeEw HO Ommastrephi da (B
9 C dzs yOMmf gzg & Ridsiet&ithidael Ommastrephidady) s tc j d3 jndzf g ils o s O dzd W
sls s ter Hts dzOMis§SoW, p. &2 o toj d3j dzd .

2.] jtoswis@istso d dz¥  dgs dizp L fipleC &g i3] dzIORE ts to ts gl frpgfHe J

d LOftsdzdzgv dzdfy? dd3g, O o HOdz dzgj 2" j dic @ ffeldsedtdys jisdadwdze
dfjtc] slsdzsyg j daddvH § B zscts deso stsBtcOL 59 Odzdatsets
cOMCtedMisOdzdzd L Oyd j 2 d(Sof,p.t8hSCtcd MlsOdzdzd L Oyd 4 2.
3.ut56 dzQ @ dets taPdzOH dzj Yy dep il sls j EIsdu ¢ Octobrachia &
YomlsdOmistej yojassigg £ siIsf j yols§ 59 o s ldiyz Istgls © d df ts ¢
Sisf j UOIs ¢ ts 0dz® dzdffCylH jUFsdia te[j dzdzr  d3j > H BovipzIA)Od3d  ( €) .
4R L i3j dzydipfipdg®Is tc oSO dsjfrip O dide iz f (ChPls § ¢ § tedz Is dets s d
(Sov, p.16)
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51 4 M diz3sds@ ® Mg RO BSIZ*Otc OC Is j to d L s digdzatz mdeis ipls § gl © j dzdz" -
cOLtcj LSO ) LIssdz t0O2 dzj , L O ftotsh juhdJ G s
f Odzj tsdzlslsdztscg’uj ﬁ]Q(ﬁoy,p.B@dzdzJ cydd (é) .

6. N8§znaky pSesdmoSEd&@8HT spolu s horizont 8l n
sel ektivn? depozici a pravdDpodobnnn pS2va
transportovaného trakc(Geo, p. 26)

7Pl ognhn rodnecendd @vi §l n2 archi theddniSe g2 eedb paki
sedimentace v autigennich procesd@eo, p.65)

8. Pouhévizualnisrovnanijednotlivychp r o tikazuj§hapodobnosr o z | pofj rezistivit

i nehomogenit{Geo, p.62)

9. Jejichtektonickgp o d m2 nsBpno\aijei v morfologickénomezengkalnihookraje, které
korespondujepr ot atglB o B imo (G@o8ps7e) m.

10. Navzdory tétm d | i ¢ kvarditativnims | o @sm<i ac2 nen?2 mezi VZC
kvalitativni rozdil.(Geo, p. 117)

Déale uvadimn e j f r e k v erSt?2 k wesndli§gh gubstantivs t S e dod? zhreského

a | esk®ho dokl adov®ho materi 8lu (jsou Sazeny
L 020 W qdedizj u,Jddeptddze udl fgdgidpd H, tsoB Orpidzj JH , Eofidiadn @ tedzis 3 J dzd

tc OL dats ts,Btdddd fipfisjts b Islas y dzjmdddB jepnc? § k o e un,gpropotenj p Ts o,b e n 2
stanoveniutuhnutjz § S eréntz YQg;e n 2

atakép S 2 khojaydhwmbstrakt{deadjektiv)y e n s koduh o

HisMmis iz {f ,dztsiindse d M d, B3 fidgj dzfs dzd S H detstetsH destgtftc j H j dzj dzdzts )
dzj W Is j dzts fiyststipls)! dzdets f§ Isizts ) tizts > dzisfifjdsA te O dzdzts fr) lsroosnbst
neuspoSa&dlaingaammdtp S2 s|,p§hoginmwls & selikossvrzdalenost
(Maty8gkovsg, 2024).

V dokladovémmaterialue patrnédakévysokafrekvencevyskyturuskychverbalnichsubstantiv
gensk®ho roduydkpnk?2 ¢ceag,h imBomau jazyc2ch vgak
pTvodu, OSnazpdiz dzOtd Ot ® 1 Oryd{W Y | toj dzq diZBY Y to.j s Oy d v
C sdzdzj S mdey J delsdg@a)td Otw gV s de s & € Iy d hagligage” deformace
determinace fragmentace identifikace klasifikace koncentrace publikace rekrystalizace
transformacgl Mat y 8gkov §, 2024). V pS2kladu 6 jsou
v 1 tstoatifikaci, depozicj dominancj trakci. V. pS2kladu 2 jde o dv
teOMC ted Mls Odzdedelj @ pdf fds O dzdzd L Oy d § 2

Z analyzyvzorkudokladovéhamaterialuv y p | T freBvencejyyskytuverbalnich substantiv

rodus t S e wobdujazycichj e d n o  ty anl¢eddgiStraktnicldeadjektivnichmenrodu
gensk®ho. Konkr®tnhD v rusk®m materi 8kuy )j sem
a 26 % rodsmlgensk®hbesk®m pak 60-nith)asddtbst ant i
g e n s kaBth(wiz sloupcovy graf 1).
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Verbalniadeadjektivhisubstantive
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mRoda (i njS RFoNO S v

Graf 1: Procentudlnzastoupenverbalnicha abstraktnictdeadjektivnichsubstantiv
Vv rusk®m a | esk®m dokl adov®m mat er

Rusk&ad S avérbalniadeadjektivnisubstantiva

= Ruské&ubstantiva = 2 S aspbstantiva

Graf 2: P o midskychal e s kvérisamicha abstraktnictsubstantiw dokladovém
materialu
Ve srovn8vac2m pohledu je v rusklch analyz
pr os tnSeedd & I kn@tenidluc opdtvrzujehypotézug e charakteruskév N veyztahu
k situaci v | e g tvicen fbminalni. P o mMuskych a | e s k Vedbalnich substantiv
v dokladovémmaterialuje zobrazenve v T s e | grafuRmv ruskémmaterialuje 68 %
a v |l esk®m 32 % ze vgech sledovanlTch substan
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Substantivabyvaji s o u | @edondminalnichspojeni. Jsou to ustalené spojeni verba

a substantivakdy desémantizovanglovesov y j a eSabgcey vyznani i n n(doshtzi

kpot | daDgwak ®@gdvesankonkrétnivyznamovén a p | tatdkandtrukceziskadiky

j menn® | 8§sti. T2m se ophNt zvyguje pod?z2| su
Substantivum v t®to konstrukci nav2c mTge b
o b j e mn\2jb@nédmindlni konstrukce jsou projevem nejen multiverbizace, ale

i redundantnosti a bohaty vyskyt verbonominélnich konstrukci v ruském materialu navic

dokazuj e tendenci rugtiny k anal yti smu. Vv
verbonominélnkonstrukcgee x p | i ap $ @ $m diFTov2ostbvesdo(srov.p S 2 klllia d y
14). Srov. pS. usts&8lenlch spojen2 z dokladoyv

HOIs! thdstSe0@dzcpjOIs ' to ezl ) fdds(d  d fiiffn) dzj tsildeo tMatz@ fy Y dzj dzj dac
fMH j dzOIs ¢ L ; QI&t devpulsjpdeffythout informacep. Gdaje pr ov 8 d Nt ,fhodnoc e
mn S.@ndézborp. vyzkun{ Mat y8§gkovsg, 2024).

Srov.p $1.¢ verbdnominalniclspojenivev Nt § ¢ h .

11.1 so9 " § H Odzdz" | i fwowdkscOSsoddde &3 Yy @O dztstf s H
Lo df ise | fiplasddzj J H § n@d2'e dig fled jH ez ¢ d d3q dL e j Ml
9Jtendzj OtclsddzmC ddzsd 3 MistsdzOr Y H J dzd W d3d (Soy,es G 5 U f¢
61)

12. 1 e ntc O o dzP dgdz3tf dzts d vd3 j2M Is 5 dzO -~ sNoA2) fldfod3, d di3j ¢ M d = MW

9 oM stewy jdedd Oolsstc® dzOMistsw iy pdedlsjsHstseh hj digd w
L O¢C dzt y(Pazdhw20)

13.Ji gn2 polovina blval ®ho odkaligthD je d2ky
nav§gglep®$yt oznmneonsonétol € adjmovélochyprovésto d b Dz v (Ged; .

p. 8)

14.Mikroskopickéstudiumv z o bylo r o v SogptidkyromikroskopenNikonAlphaphot2.

(Geo,p. 22)

Oslabenywyznamm T grettakéslovesod d3j &f'd3j B s L tg @ i Ez0 Y, dagf ) dzts fils !

d dzOf tc O g dizfp Bzced O MY totsfls G BydzndzPRls tots jfAdlg to iz S lsflz to Iz
nOtOekjtecog | e i mitpcBatakter th. obsahgrt podilym. podoby m.

potencial m. p Sewv a b lino gtavutn. tvar m. velikost , sr ov . nN8sl eduj?
15i 18).

15.] sBjidEEzfd @OH gy lsL € Y yJ o qHEzdgzOMh Jtew s h 8 mw
C f4Jted HAzJSBEp. Tl dzy Iz .

16.f Odztso j toig ke ts Wz, dzv y AR tE? y O dg nd@® O f Is dLodd@=yi) dzd J

(Sov, p.60)

17.Karbonatyv mezernh m o rmmeifluorapatitya v okolnimvapencimaji podobnéhemické

s | o .§&eq,p.17)

18.Protoge tyto nnenthjiwaktickév ysedii fjmeeanut yv z . | 8§sti
sesouvs8§ny k pa(Gdb,ps22)ahu (obr. 2a).

4 Diskuse
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ge v rugtinhD je Ystup od flexivn2ho typu spc

a tak® se znalnou nominalizac?2 vRtnlch sch®n
pr®zentu Vv rugtinh, | ast Njg?2 pougit? I nfini
(Bogoczova2018))i p r SvysKytverbalnichadeadjektivnictsubstantijep S e d mtBhote m
vyzkumu.

Srovnamli r u § &li exdutjeiverhonominalnépojeniAe x p | iavil tr raRS@2Omdég ¢ 2

pouhé slovesdf(te s o j Mis di O@zREdfd )it o ®le'mt o bodND j sou si
bl2zk®ih (Strakov§g, 1989, p . 233) . Substant.i
PSedstavitel ® | esk® stylistiky tvrd2, ge A
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221).

Analyzovanl ruskl a | eskl vyexcerpovanl dokl
hojn® wugit2 verb8ln2ch a deadjektivn2ch sub
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vyplTvsg, ¢ge frekvence vIiskytu verb8ln2ch a a

s t S e dine msowdistavenakost)v]| e g as tn$e dine? mhsotodma-d a-tsfls )

vi ugjej ethn o vryauidius t S e éto ¥ dbaujazycichK o n k rv® tu i Bemn N
zachytila74 % substantivs t S e mbauf-ch j0)26%rodug e n s kt®ffplo!|)e;g tvi 60N p ak
% substantivs t S e dodw(-hiki), 40 % g e n s K-@®MH. € e | kdce W § ewerbalnich

a deadjektivnich substantiv v dokladovém materialu je v ruském mated® %, Vv | e s k ¢
32 %. Potvrzujesetak p S e d p o kv ly =it doeniRalizacea tim i v N talis&aktnost

a obecnostuskychodbornycht e xvé sfovnanis| e s k Bubstantivumvstupujedov Nt y

i jako soul 8st verbonomin8ln2ho spojenz,

5Z28v 0Dr

V tomto pS2sphNvku j-lsesnk @&heo sknoandfirloant al maulsdk o
problematiku tendence k nominalizaci na materiale psaného odborného ciziho jazyka, kde je
viskyt jmen vygg? neg v hovorov®m jazyce, a
prost Sed2 potvrdit jeho vygg?2 frekvenci v r
jazykového materialu mohu konstatovat,§ ge silna tendencek nominalizaci patrna jak

v odbornér u g ttakiwv ID e g tZ hhefliska kvantitativnihov g anéminalizacedominuje

v materialuruském(viz graf 2: 68 % sledovanyclsubstantiw ruskémmaterialu,jen 32 %

v| e s k @®noyozdiltedymusi bytz o h | e d Rp & & kilvipaBti e >odbdrnéhastylu.
Z2skan® poznatky |l ze vyug?2t v pedagogi ck® j
technick® univerzithn.
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Using literature to teachintercultural topics: a casestudy

BijanaRa dBdj ani |

Abstract

Raising intercultural competence is of utmost importance in the 21st century, especially for
futureteacher®f English,whowill workin diverseclassroomsndwill facemanyintercultural
challengesThis paper therefore focuseson oneway of achievingthis goalthroughthe useof
literature as an illustration of various intercultural concepts. Namely, the focus group in this
study are 3rd year students of English language and literature who are taking a course in
Intercultural communication and ELAnd who are coveringvariety of intercultural topics in

this course (e.g. macro vs. micro cultures, group membership, intercultural conflict, conflict
resolution styles, culture shock, acculturation, etc.). The author describes an innovative
approach to teaching some of these topics by making -cupgsular connections with
literature as a valuable source of information and examples that can be analyzed in class,
discussed and elaborated further in creative ways. More precisely, the author presents a case
studythatis basedonashortstoryi T Bey withoutaF | abygAbrahamRodriguezlr.,which
illustrates how micro cultures live and how they are treated by a macro culture, which
interculturalconflictscanoccuratthemesdevel, howtheseconflictscanberesolvedandwhat

conflict resolutionstylesareusedby variouscharactersn thestory. The paperalsoshowshow

the short story can be-mritten and acted out in class so that students can practice conflict
resolution and observe how different conflict resolutions styles change the outcome of the
conflict.

Keywords: interculturalcompetencdijterature,micro cultures,conflict, resolution.

1 Introduction

In a world that is more diverse and interconnected than ever before, the need for intercultural
communicatiorhasbecomeacrucialaspecin differentareaf life. Oneof themostimportant
characteristicef communicationn generais thatit is omnipresentAnotherimportantelement

of communications thefactthatit is contextuabecausé¢hephysical psychologicabndsocial
settings affect this process to a great extent, influencing thengagages are formulated and
interpreted. However, a paramount dimensionarhmunication, relevant across the globe, is
that communication is culturally bound. This means that the message we send over cultural
boundariesvill differ from themessageeceivedy therecipient.Within this contextit is clear
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thatinterculturalencounterslsoimply interculturaldifferenceswhich mayleadto conflicting
situations that require a peaceful resolution. With that in mind, the role of education is crucial
because it is important to introduce students to these concepts, to let them reflect on them
critically and practice implementing various strategies. Therefore, in this paper we will
illustrate one possible method of such intercultural teaching with the use of literature. This is
one of manyways to introduce the concept of intercultural conflicts to students, to teach them
aboutconflict resolutionstyles ando allow themto comeup with otherpossiblescenariogor
thesamesituations.The studentsn questionareenrolledat the Departmenbf EnglishStudies

and in their third year they have a course in intercultural communication. The use of literature
with such a group is very easy as it fits their horizontal competences and connects with their
literary subjects in the third year, where they are acquainted with contemporary literature.

2 Intercultural competenceand communication

The concept of intercultural competence is defined as the abilftynction effectivelyacross

cultures, to think and act appropriately, and to communicate and work with people from
differentculturalbackground$ athomeor abroadLeungetal. 2014).Thisis avaluableasset

in a globalised world where, for example, students are nowadays much more likely to
communicatevith peoplefrom diverseculturesandcountriesyvastly differentfrom their own.
According to UNESCO6s conceptual and operat.
(2013), it consists of four major aspects, those being skills, attitudes, culture and
communication, all of which can become part of educational objectives at different levels of
educati®oj@Radi 2019) .

Thetheoreticahotionof interculturalcommunicationmefersto theprocesof atleasttwo people

from different cultures coming together and communicating with one another, i.e. exchanging
verbal and notverbal cues (Neuliep 2018: 58). The very process is shaped and defined by
everything that communicators bring to the act of communication, most of which is culturally
shaped and defined. Referring to Hofstedeods
(Hofstedel980),which distinguishindividualismandcollectivism,small/largepowerdistance

cultures, strong/weak uncertainty avoidance cultures, and masculinity/femininity, we are
immediately aware of how diverse cultural communities around the world are.

Firstly, individualistic cultures emphasize achievement, individual rights and freedom, while
focusing on personal needs, whereas collectivistic cultures stress loyalty, group goals, well
beingand progress, with individualistic desires and dreams put in the background. In terms of
power, small power distance cultures strive for an equal distribution of power with egalitarian
and democratic relations, which is reflected e.g. in the educational system in a fairly relaxed
andopentypeof communicatiorbetweerteacherandstudentsOntheotherhand,high power

distance cultures thrive on authority, obvious displays of subordination and respect from
subordinates, with an emphasis on inequality in the workplace and in the educational system,
meaninghatstudentview theirteacherasultimatefiguresof authorityandoftendo notspeak

in classor askquestionsWhenit comedo uncertaintyavoidancethisdimensiorofHo f st ed e 6 s
culturaldimensiongocusesontolerancdor uncertaintyandambiguityor, moreprecisely how
threateninghanges to a culture(Hofstedel980).In highuncertaintyavoidanceculturesthere
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is little tolerance for riskaking, with all members of the society seeking to minimize the
unknown by implementing rules, laws, etc. Contrastively, members of low uncertainty
avoidancesulturesaremuchmorecomfortablewith changesn theenvironmentwith few rules

anda shifting natureof varioussituations Peoplefrom this type of culturearemoretolerantof
changeandlessanxiousif somethingunforeseemappenskorexampleastudentmaybemore
accepting of a teacher saying they do not know the answer to a question in a low uncertainty
avoidance culture than in a high uncertainty avoidance one (Hofstede 1980). Finally, the
dimensions of masculinity and femininity reflect how much a society values traditional
masculineandfeminineroles,with amasculinesocietybeingassertivecourageousstrongand
competitive, and a feminine society being cooperative, nurturing and caring.

As we can imagine, this cultural diversity in our time of global mobility and online presence
may very often lead to intercultural misunderstanding and conflicts, which usually stem both
from the lack of knowledge of these dimensions and the lack of tolerance and understanding
towards people and cultures that different from us. For that reason buildiagd enhancing
intercultural competence, especially in the educational system, is of vital importance.

3 Intercultural conflict and conflict styles

The increased amount of intercultural encounters in the form of travel, student exchange,
various types of migrations, international business etc. has led to a lot of intercultural
communication but also misunderstandings and conflicts. For that reason the research into
interculturalconflict hasincreasedverthelastdecadebuilding animpressivebody of works,

studies and policy papers which aim at preventing and mediating intercultural conflict.
Theveryconcepbf interculturalconflict hasbeendefinedasfi t implicit or explicitemotional

struggle between persons of different cultural communities over perceived or actual
incompatibility of cultural ideologies and values, situational norms, goals,ofsaaations,

scarce resources, styles/processes, and/or outcomes in-ta-face (or mediated) context
within a sociohi st or iTecomey arel @btzld2618:kb635k rent tismo (-
definitionit is clearthatalot of interculturaldimensionglescribedn theprevioussectioncome

into playand define the wageople will approach conflict and the wéneywill resolve it. At

the basis of al | intercul tur al conflicts [I|i
culturalgroup(ethnocentrismandthe wrongnes®f the behaviourof the othercultural group.
Dependingntheirculturalbackgroundpeoplewill approactconflictin variouswaysandseek

different paths for conflict resolution. This is defined by Neuliep (2018:34() as conflict
communication styles and he lists them as follows:

1 dominating communication style: a person values highly their own needs and goals
while at the same time discounting the needs and goals of the other party. This style is
characterized by the use of authority, expertise or rank to try to win the conflict;

1 integrating communication style: a person highly assesses both their own needs and
goalsandthe goalsandneedsof the otherparty. Thefocusis on collaborationwith the
opponent to try to find an agreeable solution that fully satisfies both parties;
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1 compromisingcommunicatiorstyle:it is characterizedy a balancebetweertheneeds
andgoalsof bothpartieswheretheyproposea middle groundfor resolvingthe conflict
with anunderstandinghattheybothmayhaveto give up somethingo gainsomething;
{1 avoidingcommunication style: a person ignores both their own needs and the needs of
the other party, keeping the conflict to themselves and not discussing it;
1 obliging communication style: a person puts the needs and goals of the other party
before their own, they accommodate the opponent at their own expense.
While literature offers several different definitions and illustrations of these conflict styles, in
theeducational context it is always a good ide@rovideexamples that students can relate
andthattheycandiscussn orderto deeplyunderstandheconceptsn questionForthatreason
in teachingthe principlesof interculturalcommunicatiorat tertiarylevel we haveattemptedo
use literature (a contemporary short story) as the material which students read, analyze and
discuss, both amongst themselves and with the teacher, in order to find and discover various
conflict communicatiorstylesof thecharacteri theshortstory. Thenextsectionbriefly retells
the story in question and then demonstrates what kinds of conflict communication styles the
charactersiseandwhy, whichis aprocesghatstudentgjothroughin classesvhenintercultural
conflict is taught.

4 Casestudy: The Boy without a Flag

AbrahamRodriguez,J r stdry$i T tb@ywithoutaf | guplishedn 1992centresaroundthe
school experiences of a Puerto Rican boy living in the Bronx (a New York borough).
Encouragedby ant-rAmericanstatementsadeby hisfather,hedecidedo takea stanceagainst

US colonialism at his Bronx high school by refusing to salute the USA flag. His teachers and
theschoolprincipal,all of whomarealsoPuertoRican,seethisasanactof rebellionanddecide

to changeheb o yndingl in various ways and foréem to salutetheflag. Theboyis adamant

in his decision, even after the principal calls his father to school and the father, surprisingly,

takes the principal b6s side. The boy is deepl
even the father, who had taught him about F
capitulated.

This story presents a rich material for the study and analysis of intercultural conflict styles
because various characters exhibit a range of different conflict behaviours in their attempts to
persuadeheboyto giveupon his decision.The culturalbasisfor the conflict is thedifference
between the US culture (macro culture), which is defended by the teachers and the school
principal, and théuertoRican culturgmicro culture),which is defended bghe boy claiming

his right to his own identity and freedom of choice.

Thewaywe approacheachingnterculturalconflict styleswith this shortstoryis thefollowing:
thestudentsareaskedo readthe storyathomein orderto learnaboutthe context,background,
narrative and characters, and then in class we analyze only a few excerpts from the story. All
excerpts are based on short dialogues between the boy and one of the characters in the story,
wherestudentanalyzethec h a r abehawourmndwordsin orderto determingheir conflict
communication style. In this section we will look at six short dialogues, each illustrating a
different conflict communication style.
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The first conflict communication style that is noticed in the story is that of Mrs. Marti, one of
the boyds teachers (see Picture 1).

“Children today have no respect,” I heard Miss Marti’s
reptile voice say as she approached, heels clacking like gun-
shots. “It has to be forced upon them.”

She was in the room. She didn’t say a word to the princi-
pal, who was on the phone. She walked right over to me. I
could hear my heart beating in my ears as her shadow fell
over me. Godzilla over Tokyo.

“Well, have you learned your lesson yet?” she asked,
turning me from the wall with a finger on my shoulder. I
stared at her without replying. My face burned, red hot. I
hated it.

“You think you’re pretty important, don’t you? Well, let
me tell you, you’re nothing. You’re not worth a damn. You're
just a snotty-nosed little kid with a lot of stupid ideas.” Her
eyes bored holes through me, searing my flesh. I felt as if I
were going to cry. I fought the urge. Tears rolled down my
face anyway. They made her smile, her chapped lips twisting
upwards like the mouth of a lizard.

“See? You’re a little baby. You don’t know anything, but
you’d better learn your place.” She pointed a finger in my face.

Picturel. Mrs.Marti

Sheuseghedominatingstyle,whichis obviousbothfrom herwords( fihiagto beforcedupon

t heimparen ot h i ngdithad a mii ¢ asnottynosedittle kid with alot of stupid

i deas o0, dodglanjuage (heheels are clackinlike gunshotshershadowfell over

the kid, Godzilla over Tokyo, she glares at the boy threateningly, she is happy when he starts
crying). This style is not just dominating, it is also very aggressive and threatening, which is
very inappropriate behaviour for a teacher and could also be a focal point in intercultural
teaching.

The next character, Mr. Rios, exhibits two different communication styles. One is dominating
(Picture 2) and the other is integrating (Picture 3).

“I thought I was free,” I said, looking at him and at
Miss Colon.

“You are,” Miss Colon said feebly. “That’s why you should
salute the flag.”

“But shouldn’t I do what I feel is right?”

“You should do what you are told!” Mr. Rios yelled into
my face. “I’m not playing no games with you, mister. You hear
that music? That’s the anthem. Now you go stand over there
and put your hand over your heart.” He made as if to grab my
hand, but I pulled away.

“No!” I said sharply. “I'm not saluting that crummy flag!
And you can’t make me, either. There’s nothing you can do
about it.”

Picture2. Mr. Rios
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In this particular instance Mr. Rios uses the dominating style, just like Mrs. Marti in the
previous exampl e. Hi s words are
overthereandputyour handoveryourh e a andhishehaviouis aggressivéheis yelling at
the boy and wants to grab his hand).
However, in the next example (Picture 3) Mr. Rios resorts to a different strategy because he
realizeghatthedominatingstylewill notaccomplistanythingwith theboy. Thecharacteristics

of his integrating communication style are the solidarg r b a |

have

a

|l ot of gutso, Al édm wil |

threateni

ng

t o

expressions

ma k e

ng

(fil
a

nervous talking to the boy as opposed to the previous situation, when he had very threatening
body language).

“No, 'm not,” he said. “Listen here. Miss Colon was talk-
ing to me about you, and I agree with her.” He looked like a
nervous little boy in front of the class, making his report.
“You have a lot of guts. Still, there are rules here. I'm willing
to make a deal with you. You go home and think about this.
Tomorrow I'll come see you.” I looked at him skeptically, and
he added, “to talk.”

“I’m not changing my mind,” I said. Miss Colon exhaled
painfully.

“If you don’t, it’s out of my hands.” He frowned and
looked at her. She shook her head, as if she were upset
with him.

Picture3. Mr. Rios

Anotherexampleof a conflict communicatiorstyleis foundin the dialogueswith Miss Colon,
who is trying to avoid the conflict (Picture 4).

I went through the motions like a robot. When we got
downstairs to the door, Miss Colon, dismissing the class,
pulled me aside, her face compassionate and warm. She
squeezed my hand.

“Are you okay?”

I nodded.

“That was a really crazy stunt there. Where did you get
such an idea?”

I stared at her black flats. She was wearing tan panty
hose and a black miniskirt. I saw Mr. Rios approaching with
his class.

“I'have to go,” I said, and split, running into the frigid
breezes and the silver sunshine.

Picture4. MissColon

As opposedo theotherteachersshehassomesympathyfor theboy,whichis seenn herwords
( A ayoueo k ?fOow h alid gou get suchani d e afddn)her body language(she was
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compassionate and warm). In turn, the boy mimics her communication style of avoiding the
conflict and runs away from her.

The same teacher, at one point, tries to approach the boy somewhat more openly and address
the issue, but again she is not very direct and aggressive in her communication. This time she
uses the compromising style (Picture 5).

“Because I’'m Puerto Rican, not American,” I blurted out
in a weary torrent. “That makes sense, don’t it?”

“So am I,” she said, “but we’re in America!” She smiled.
“Don’t you think you could make some kind of compromise?”
She tilted her head to one side and said, “Aw, ¢’mon,” in a
little-girl whisper.

“What about standing up for what you believe in?
Doesn’t that matter? You used to talk to us about Kent State
and protesting. You said those kids died because they believed
in freedom, right? Well, I feel like them now. I wanna make
a stand.”

She sighed with evident aggravation. She caressed my
hair. For a moment, I thought she was going to kiss me. She
was going to say something, but just as her pretty lips parted,
I caught Mr. Rios approaching.

Picture5. MissColon

As for theverbalandnonverbalcluesthatstudentcanfind in this dialogue we evenhavethe

wordii ¢ 0 mp r asedin®reedf the sentenceDthercluesincludeheradmissiorthatsheis
aPuertoRicanlike theboy, herwhisperingthephrasei a evé6 m amdbercaressingheb oy 6 s
head. All these clues are affectionate and kind, probably because her intention is to soften the
boy and persuade him to salute the flag, which again he refuses.

Finally, whenthe boy persistentlyrefusedo salutetheflag, the schoolprincipalcallstheb oy 6 s
fatherto theoffice. Theboyis hopefulatfirst, sincehisownrebellionagainstheUSflag stems

inhisf a t twerdsénslactionsbutwhenthefathercomeso school,theonly communication

style he uses is obliging (Picture 6) because he wants to be perceived as cooperative by the
school principal.
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“Mr. Sepulveda,” he said, “I never thought a thing like
this could happen. My wife and I try to bring him up right. We
encourage him to read and write and everything. But you
know, this is a shock.”

“It’s not that terrible, Mr. Rodriguez. You’ve done very
well with him, he’s an intelligent boy. He just needs to learn
how important obedience is.”

“Yes,” my father said, turning to me, “yes, you have to
obey the rules. You can’t do this. It’s wrong.” He looked at me
grimly, as if working on a math problem. One of his hands
caressed my head.

There were more words, in Spanish now, but I didn’t
hear them. I felt like I was falling down a hole. My father, my
creator, renouncing his creation, repentant. Not an ounce of
him seemed prepared to stand up for me, to shield me from
attack. My tears made all the faces around me melt.

Picture6. Thefather

The verbal clues that signal the fatherds ot
communicatesvith theschoolprincipal,expressindiisfi s h candsubpriseby theb o yaétien

and in the words he addresses the boy with:
itéds wrongo. I't is evident that the father ¢

the boyor his decision not to salute the flag, which is extrerdedgppointingor the boy. He
feels betwageflal Al hngedownraclbgheaesEvéadr fRaéh
style,whichis seenin hiswords:fi n antounceof him seemed prepardd standup for me,to
shield me from the attacko.
What students can do once they have identified andodstructed different conflict
communication styles in this short story is the following:

1 role playthese situations to see what it looks like in realitgl others can observe and

give feedback;

1 re-write someof thedialoguesusingadifferent conflictcommunicatiorstyle;

i tryto resolve theonflictin away not mentioned in the shostory;

1 write the alternativeendingfor theshortstory.
The main objective of this exercise is raising awareness of the different ways of approaching
conflict and differentiating between more and less cooperative and helpful communication
styles.

5 Conclusion

Thebenefitsof usingliteraturein interculturalteachingaremultiple, sofor examplethis short

story can also be used to teach other intercultural concepts such as ethnocentrism, group
membershir micro cultures.This savedime asstudentglo not haveto readmultiple works,

but instead analyze omsoryfrom multiple cultural aspects. In addition, literamorks can be
sourcesof generalworld knowledgefor studentsand feed into their other subjects(e.g.
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translation, teachingnethodology, etc.), thus ensurihgrizontal ties amondifferent courses
thatstudentgakeduringtheir studiesln this manneitheydeveloptheiracademicompetences
from different perspectives and, overall, increase their critical thinking skills, both in the
academic context and beyond it.

References

Hofstede,G. (1980). Culture and organizationsInternational studiesof managemen&
organizationl0 (4), 1541.

Leung, K., Ang, S., & Tan, M. L. (2014). Intercultural CompetenceAnnual Reviewof
Organizational Psychology and Organizational Behavjdyr489519.

Neuliep, J. (2018)ntercultural communication. A contextual approatbndon/New York:
SAGE.

RadBdjanil, B. (2019). Principles of interc
teaching. I n J. Ra mal , IntevKult 2018 @pk 95¢1i1)l Novi 8ad: Mu d r |
Pedagogki =zavod Vojvodine, Filozofski fakult
RadBdj anil, B. (2024). Intercultural aspects
Fejsa (Eds.)InterKult 2023(pp. 455 7 ) . NovVi Sad: Pedagogki zav
fakultet.

Rodriguez, A. Jr. (1999)The Boy without a Flag. Tales of the South Bravinneapolis:
Milkweed Editions.

Ting-Toomey,S.,& Oetzel J.G. (2013).Introductionto intercultural/internationatonflict. In

J. Oetzel & S. Tingfoomey (Eds.),The SAGE Handbook of Conflict Communication:
Integrating Theory, Research, and Pract{pp. 635 638). Thousand Oaks, CA: SAGE.

Authors
Biljana R a d-B & j g RhDJFull Professor,Departmentof English Studies,Faculty of
Philosophy, University of Novi Sad, Serbiadic.bojanic@ff.uns.ac.rs

53


mailto:radic.bojanic@ff.uns.ac.rs

cellSTU
Conferenceproceedings: eecee SiF
SLOVAK UNIVERSITY OF

Perspectivesf ForeignLanguagd eachindor ProfessionaCommunication TECHNOLOGY IN BRATISLAVA
FACULTY OF MECHANICAL
in Tertiary Education.

ENGINEERING

Padletasa pedagogicaltool in the ESPclassroom

DenisaGul ov s k §

Padletas apedagogicaltool in the ESPclassroom

Collaborativelearningin tertiaryeducatiornin general andin the ESPclassroomn particular

i has long been considered beneficial, as it enhances soft skills, such as critical thinking,
problemsolving and communication skills, and facilitates peer learning. Various online tools
are now available to foster collaborative learning. In this paper, we share our experience with
using Padlet a versatile digital board showing some examples from our classroom and
explaining their effect on participation and student engagement.

Keywords: Padletcollaborativdearning,ESPclassroomsoft skills, studentengagement

1 Introduction
In recent years, we have witnessed a rapid transformation of teaching in general, perhaps also

dueto the Covid 19 pandemicandforeignlanguagenstructionis no exceptionOnlineteaching

and the use of online digital tools have so much become part of the teaching and learning
process, that wvouldbkdoaation pgrobesses exidi thdsar ydsl, o). B. L. et

al. (2023, 1).

Kahoot, Mentimeter, Wordwall, among others have made their way into English language
classrooms and much of recent research in language le&asrgeen on the incorporation of
variousonlinetoolsinto theteachingprocesstheir effectivenessandperceptiorby teachersas

well asstudentsOneof suchtoolsis Padleti anonlinedigital board,which Fuchs(2014)aptly

likens to the usage of sticky notes and placing them on a wall in the classroom. As such, it
enables the participation of al/l students ar
actively involved. In this article | aim to provide a brief overview of some of Padlet features
and give some examples of the kind of activities that | have found useful in my classes of
English for specific purposes at the Faculty of Arts, Comenius University.

Theuseof Padlethasdrawnsomeinterestamongthoseresearchingariousaspect®f English
language instruction, such as writing, speaking or grammar. For example, Novianto (2022)
conducted a study aimed at testing the efficacy of Padlet in the teaching of writing in EFL

classeslt aimedto find out whethertherearesignificantdifferencesn writing skills between

54



cellSTU
Conferenceproceedings: eecee SiF
SLOVAK UNIVERSITY OF

Perspectivesf ForeignLanguagd eachindor ProfessionaCommunication TECHNOLOGY IN BRATISLAVA
FACULTY OF MECHANICAL
in Tertiary Education.

ENGINEERING

studentsvho aretaughtby meansof Padletandthosewho arenot, alongwith the participants”

perceptions of using Padlet (both students and teachers). Usingtaartiired interviews for

teachers and priest and postest scores and statistically comparing them with those of a
control group, Novianto came to the conclusion that Padlet can be effective in improving
students” writing skills. In addition to this, the teacher participants of the ctmaynented on

the fact that Astudents seem to be more entl
(Novianto, 2022, p.80).

Another study, conducted by Haris et al. (2017) investigated the effectiveness of Padlet while
learninggrammauin the ESL classroomTheir collecteddataincludeda statisticalcomparison

of pretestsandposttests,which showedmprovedscoredollowing the useof Padletto teach

grammar. In addition to this, a survey was conducted among the students and showed a high
preference for and studentsdo positive attitu
Padletcanalsohavea positiveinfluenceon the communicatiorskills of studentsasshownby

Deni and Zanial (2018). However, they also found that, despite good intentions, certain
activities created some barriers to learninglue to the fact some students experienced
discomfort because of the openness of communication. However, as students can post
anonymously or under an alias, this is easily avoidable.

Ta, T. B. L. et al. (2023) also found Padlet to be extremely effective in learning English
speaking skills. The results of their study are based on survey questionnaires and class

observations as well as on student improvement in tests.

2 Padletasa pedagogicaltool
Padletcaneasilybeu s e dbotbtiaditionalandonlinelearninge nvi r onment s i ( Wal

etal. 2021,p.94).Comparedo Kahootfor example Padletis primarily anonlinecollaboration

tool, avirtual digital board fosharinginformation, makingt ideal for collaborative tasks that

can support various activities not only in classes of general English, but also in the ESP
classroom at the tertiary level. These activities will in turn increase student engagement and
enhance the development of sskills, highly valued by employers. As soft skills cannot be
taught thekeyto masteringhemis practice( K o v2823),Activities supportedy Padletcan
fostermanyof the soft skills, thusaiding successfuintegrationand functioningn work teams

I communicationgreativeandcritical thinking, working with sourcesandfinding information,
drawingconclusionscollaboratiorandcooperatioronfinding solutions alongwith effectively

sharing information.
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2.1Padletin the ESPclassroom

Forthe purpose®f the ESPclassroomit is bestif thevirtual boardis carefully consideredits
purposeaccessibilityetc.)andthencreatedn Padletin advancé anaccounis neededor the

teacher. Padlet offers several plans and the foedyplan enables the creation of three boards.
Boards can be customised, which means the teacher can choose from various layouts, such as
awall, timeline,grid, canvasetc.,aswell asa completelyblank canvag calledsandbox}o suit

the purpose of the board and the activity in question. In addition to this, each board can be
further customised, using a unique colour and background.

Createdboardscanbeaccessethy otherusershrough anydevice,beit a mobile phone tablet

or computer, using a link or a QR code that the teacher shares with the students. Students do
not need to have an account or submit personal information to participate. As Padlet has a

very useffriendly interface, working with Padlet generally presents no problem to students.
Once the board is accessed, all users can upload and share content instantly or as long as they
havethe QR codeor link andtheteachekeepsheboardopen.Theteacheicancontrolwhatis

postedi somepostswill requireteachempprovalto becomevisible or theteacheicandelete

a post. Padlet can also function as a convenient storage place of materials, prepared by the
teachemaswell asthe studentsThecreatedboardis immediatelyvisible to all userswith access
andcanalsobemadevisible on a screerwith the useof a dataprojector,althoughthe visibility

of posts will be impacted when the whole board is displayed. However, Padlet enables the
presentation of individual posts (the post is then suitably enlarged and easily readable).

The content that can be uploaded to Padlet is diveusers can add text directly, along with
imagesaudioandvideo recordingdjnks andfiles suchaspdf. Contributionscanbe addedby

multiple usersi this makes it ideal for brainstorming, sharing resources, project planning,
discussions and other activities either based on collaboration from the start or used in group
projects later. The teacher can move the content around the board so that it suits a particular
activity and, unless restricted by the teacher, all users can comment on, add or respond to
content uploaded bgther users. Shared content can then be used in a variety of activities and
support al | four skills (reading, writing,
English and skillso (Holohovina, 2021, p. 42
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2.2Useof Padletin the ESPclassroomi examples

Dueto its versatility Padletis alsowell suitedfor ESPclassestthetertiarylevel. Theareasn

which | have found it particularly useful are:

1. brainstormingi this can work particularly well to introduce a new topic to discuss or read
about, generate ideas for a written or oral project such as an essay or a presentation, etc.

2. academionriting T duringthe procesof teachingto write academidextsof variouslength,

Padlet can be very useful both inside and outside the classroom. Using Padletl&ss in
writing is especially suited for shorter texts (for example, an abstract or paraphrasing a short
stretch of text). After each student prepares their post in the classroom and uploads it to the
board, two or three examples of student work can quickly and easily be selected to highlight
problem areas or to draw student attention to particularly-wwillen parts. As mentioned
above, Padlet enablése presentation gfist onepost usinga dataprojector,so itis veryeasy

to work with. Theexamplebelow (Figurel) showsthe boardof studentwork uploadedduring

the lesson to practice paraphrasing. Any of the posts can be then individually presented on a

screen and collectively analysed.
Figure 11 Submittedstudentvork (task- paraphrasing)

A simple image - a

symbol we recognise - can
immediately communicate
ameaning to us. One good
example is the Red cross
symbol, used by mecical
services and the military.
Everyone who recognises
it will understand it stands
for protection and
neutrality.

Symbols possess the
ability to immediately
convey a messqge or
significance to people who
know them, often

Symbols meanings are
undferstood by people
who are familiar with them.
To express yourself can
be easier with image then
with words. For example
Red Cross logo represents
British non-religious
organisation responding to
conflict and natural
disasters in the Uk and
overseas. The red cross
emblem as a sign of
neutrality and protection
during wars is used by
military medical services

Peer review is another activity that is suitable for shorter academiciteimg over what

other students have written, assessing and comparing it with their own work and suggesting

improvements by responding to a post can work very well.

Writing longerpiecesof academiavriting canalsobe supported¢hrough PadletOnesituation

in which I havefoundit usefulis to usetheboardasadatabankor collectingvariousresources.

Only studentsor boththe teachemndstudentscanparticipatein the creationof the databank. |

havefoundthatuploadingustoneor two itemsandletting the studentsassembléherestof the

board themselves works best.

The example below (wofln-progress, as it captures the initial stages of the board) shows a

collectionof diversesource®naparticulartopicuploadedothby thestudentandtheteacher.
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This board, from ESP lessons for political scientists, assembles materials from the researched
topic, which was the connection between music and politics. The uploaded materials include
pdf. and audio files, links to other sites as well as just song titles that contribute to the topic.
Uploadedmaterialsn the databankverefirst discusse@ndthenusedby studentsndividually

to completeataskwhichinvolvedwriting ashortliteraturereviewsectionof anacademigaper

on the topic.

Figure 2 Workin process Databankof materials(for writing literature review)

- : Alina Ivan Viktoriia
4 ® .2 meca

Olivia Rodrigo - Déja vu - Donald Trump - Bez ladu skladu - piSte vSetci modrym KALUSH Orchestra - Ctedatis (Stefania)
“déja vu” of winning election again perom - It's a satira on socialist era in
Czechoslovakia, Piste vietci modrym

21 perom (Everybody write with a blue pen)

means we should all be the same.
Q©2

POLITICS IN MUSIC

Music and Political Transformation
from Beethoven to Hip-Hop

2z Adorable Hare 3 e 123 3 s Confident Moth
S pred 2 mesiacmi ' pred 2 mesiacmi o d 2 mesiacmi

Pil C- na ceste do raja, actual political Beyonce - Freedom, issues: freedom, Katarzia - Strngam za zmenu (2016) Slovak Hey, hey zlato - JoZo Raz (against Slovakia
situation, hope for change race: afri i i ption hiphop song - civil protest joining Nato)
empowerment, impact: black lives matter, against political parties to take
inspirati song for i ptic

and people of color ® +
o pred 2

be/TNBIT7hfbEQ?si=0HD2BEIVSFOOPPO

(V] 01

% Adorable Hare
pred 2 mesiacmi

3. speakingi collecting materials and uploading them to a virtual board in Padlet also works
very well as a preparation and support for classroom discussions, colloquiums, simulated
negotiationsandrole-playingscenariogseeFigure3 below). This not only ensureghe student
hasreadandunderstoodheassigneanaterial researchethetopic andlookedfor information,

but also spent some time thinking about the topic and preparing the post while comparing it
with postsalreadyuploadedo theboard.In essencet significantly contributego thefact that
students come to class prepared to participate.

The students can work on the posts individually or together in pairs or groups. Depending on
the activity, this stage can be done in the classroom during the lesson (in which case it fosters
a lot of soft skills as students need to collaborate within their group, work on the content and
decidewhatto post)or doneindividually beforethelesson and theontent carbethenusedin

further activities.
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Figure 3 Exampleof a boardpreparedfor a simulatechegotiation(ESPfor Political Scientists)

Padiet

Denisa Sulovakd + 12+ 90

EU Chocolate simulation

Poster with

Netherlands

Position:

Protection of cocoa trade
Protection of pure chocolate
Protection of free trade
Issues:

Undermining of cocoa trade
Brand protection of chocolate
Solutions:

>40% cocoa content
“chocolate”

5-40% - “product made of
chocolate”

<5% - not a chocolate

Luxemburg

France
Position: -protecting pure
traditional cocoa chocolate
Allowing alternative chocolate,
but under some conditions
-Making labels that reflect the
differences between chocolates
~stating % of ingredients, even if
its cocoa
Solution: traditional chocolate
must have at least 50% of cocoa
Tits less, it should be seen on
the label that it's not pure
chocolate

Ireland

Ourgoal is:

Protect non-pure chocolate
production

Protect free trade of all kinds of
chocolate

Issues are.
What s the definition of
chocolate?

How to mark chocolate products
properiv?

Y i

Austria
statement of position:
« maintain free trade of
chocolate
= maintain chocolate sales
issues to address:
« safety over ingredients
« right to choose any
chocolate
solutions:
« coming up with conditions
» marking chocolate on the
label or changing the name

Belgium
Position

« chocolate purists

« protect pure chocolate
Tsuess:

* brand protection

« definition of chocolate

Solutions:

« Chocolate should contain:

{ Italy

Position

« protection of high-quality
chocolate products

- protection of cocoa trade
Issues

« threat to the cocoa trade
« threat to the sale of high-
quality chocolate
Solutions

« chocolate can't be called
.chocolate” if it contains less
than 20% of cocoa powder
« rename chocolate which
contains less that 20% to
product made of chocolate

T
Spain

« Production of pure natural
made chocolate

« Prohibiting/regulating
production of chocolate
containing certain amount
of vegetable oils

* Strict labeling of chocolate
products

Z W2\

NI\

Portugal

Position;

« Chocolate non-purists

« Free trade of chocolate
Issues to adress:

« Economy improvement for

ol

Finland
Position:

United Kingdom
Position

» No need for restrictions on
chocolate production

* Support for free trade of all
types of chocolate

Issue to address

+ No need to debate about
ingredients if the product is safe
for consumption

ped EU
members

« Right to chose any product
consumer wants

Solutions:

* Labels that display
differences between
chacolates (clearly showing
precentages of ingredients)

« Different packaging for pure
and non-pure chocolate, 5o
that consumers can see and
chose whatever they want
implementing free-will

s d

ation of national
traditions in chocolate-making
Solutions
+ Providing clear information
about the use of vegetable il
* Implementing some form of
limitation on the amount of

M vegetabie oil utilized

Germany
Position
« Protect traditional pure
chocolate products
« Allow sale of other
chocolate-related sweets
under clear rules

Issues

~chocolate-non purists
-free trade of cholocate
products

Issue:

~It's OK to sell chocolate
products if we stated it contains
vegetable oils

Economic development is not
possible in this area without
international trade

Solutions:

Content of vegetable oils wil
be labeled on the packaging
-Content of cocoa powder in
percentage will be labeled

.

-

o

Dependingontheactivity, thevirtual boardcanalsoconsistof mostlyvisualinformation,such

as mapspictures omiagrams, which can hast as easilyised forvarious speaking as well as
writing activities. Below is an example of a board consisting predominantly of pidtures
depicting artwork. These were uploaded by students (ESP for students of Art History) as a
preparation for class colloquium on Art censorship and subsequently displayed and discussed
duringthecolloquiumitself. As canbeseenn Figure4 below,somepostsareawaitingteacher

approval due to Apossibly wunsuitabled conten

anillustrationof how Padlethelpsthe teachemonitortheuploadedcontent everf theteacher

does not select the fAmonitor the postso func
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Figure 4 Artwork uploadedby Art History studentsn preparationfor a colloquium

(V) Do Q
1] tomas2 : e Studious Goldfish
pred 2 mesiacmi pred 9 minttam:
I ! Francois Boucher - Odalisque

o Do
|

! s% Unusual Duck :
j £3 pred menej nez min(t ) l

Jonathan Hobin'’ - child models depicting
torture of inmates at the U.S. Abu Gharaib prison I

A Tento prispevok mdze obsahovat sexudiny obsah.

oamiernst (D)
; T,

AT R T R R, e
Exactly what is visible for the students to see on the board will depend on the type of board
selectedOneoptionis thatstudentaninstantlyseeon their deviceseverythingpostedor the
posts become visible only when approved by the teacher.

If theteacheiprefers,anotheroptionis for studentso haveacces®nly to the sectionthatthey

or their group aravorking on. This will work particularlywell if collected information is then

used in further activities, for example in various speaking activities, where only individual
studentsill bein possessionfii s p e ¢ k a b w$ esdegrin theexamplebelow(Figure

5). In this communicativeactivity, studentof marketingcommunicatiorresearchethe useof
neuromarketing techniques in the specific company assigned to them in small groups, posting
content(notunlike notetaking)visible only to thosewithin thegroup(andtheteachemho can
seewhatis postedandoffer guidance)Subsequentlhstudentsvereredistributedn newgroups

with one representative for each company and thus being the only one in the newly formed
group i n poss e sksnioom -eSifyirdasdgenpdriagtheir fedings within
thenewgroup,studentsvorkedon anewtaski completingaworksheei giventothemby the
teacherln thefinal stagethewholeboardwasmadeaccessibl¢o the classandits contentthen

used in a separate (and individual) writing activity.
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Figure 5 Exampleof studenhotes (ESFor MarketingCommunicationjor a communicativectivity asvisible

Loosing track of time in
labyrinth without windows
To keep customers in the store as
long as possible

Psychological Pricing

Ikea uses "charm pricing”, where

prices end in 99 (e.g., $4999), 8
strategy that plays on the idea
that prices just below whole
numbers seem significantly
cheaper 10 consumers.

Spotify conducted the largest
neuromarketing study of its kind
on digital audio advertising

aavertising on spotify is 29%
more engaging and 20% more
memorable than all other U.S.
media

they found out that
listeners like to hear more
voices inads

to the teacher

Addictive content

« Meta uses neuromarketing to

for you page-
content

Visual trigger

FOMO- fear of missingout *

mental health impact

from online ads to VR.
Facebook has built its own
neuromarketing division 1o
increase advertising revenue
growth.

« They studied how participants

reacted when having virtual
chat.

High

Ikea effect

People are willing to pay extra for
the things they have to build
themselves, regardless of the end
result

Store Layout

guide customers through a maze-

like path, ensuring they pass
through multiple departments
before reaching the checkout.

Restaurant with cheap
food

Keeps customers in place and

information trumps
entertainment

Leading to anxiety,

Emotion-Based Playlists

Curates playlists (.g., “Chill
Vibes®) by analyzing user behavior
and mood pattems.

. VR produced

almost the same level of
emotional engagement as in-
person talks.

Techniques Used ¥
« Eye Tracking: To analyze user

focus on advertisements,
feeds, and interface designs.

« Facial Expression Analysis:

To gauge emotional responses
1o content, advertisements,
and platform features.

 Aland Data Analytics: To

interpret user behavior
patterns based on interaction

N

Ad personalization

Google uses data-driven insights,
often influenced by
neuromarketing principles, 10 tailor
ads that evoke emotional
responses and align with user
preferences. By analyzing user
behavior, Google can predict what
ads are likely to resonate most
with individuals.

Emotional triggers

Google uses psychological and
emotional triggers identified
through neuromarketing to
enhance ad performance, These
triggers include FOMO or urgency.

What they used and how: H
they used eye-tracking and EEG to
track emotional responses to their
product and commercials.
Outcome:

improved designs and higher sales.

* google used neurofocus
findings to show that overlay
ads appearing in youtube
videos grab

Ethical

Hyundai should not use emotions.
to trick people in order to buy their
products

attention and boost
awareness

« google uses neuromarketing
to revolutionize SEQ

» eye-tracking in search and ads

« personaiised

—

4. traditional exercises if the teacher prefers, it is also possible to use Padlet for more
At r adildsscalabardtitasksandexerciseshatalsotendto belesstime consumingfor
exampleto testreadingcomprehensiorBelowis anexampleof suchanexercisg(print screen
takenduringthe activity, soalsoan exampleof unfinishedwork). Studentcompletethe Venn
diagram during the lesson, extracting information from several reading sources. The board is
displayedn the classroonthroughouthe activity (and,naturally,on the studentsdevices) so
theycan check theiwork andsee iftheycanadd moreNotethatin thisinstancethe sandbox

canvas was used, and the name or alias of the student is not displayed.
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Figure 6 Readingcomprehension collaborativetask

j
vV ile

the right of veto for

. . no term limit “.the president

president is A

elected by ‘L\?

direct popular g president is

vote President has o “: elected bg
legislative | limited power ! parliament
power :
shared by term Llimit
PYeSldent s ; 4 if the president
and refuses the law -
parliament law nevertheless

has power

2.3 Suggestiondor other activities

Theexampleslescribedabovelllustratejustafew of theactivitiesl useduringmy ESPclasses.

My personal preference is to use them in collaborative speaking and writing activities.
Admittedly, they do require a certain amount of time, but the added benefit is that they are
based on and encourage communication and collaboration between students. However, Padlet
canbecreativelyincorporatednto ESPclassesn anyway theteachesseedit. Forexamplejn

the context of general English language instruction on the tertiary level, Holohovina (2021)
suggests Padlet be used simply as a feedback wall, as a means of practicing constructive
criticism, for tracking learning in individ:
studentghroughadiscussionBut boardscanalsobecreatedo practicegrammairor vocabulary

or used in storyboards. Individual speaking or listening practice can be encouraged through
creatingdatabanksstudentsanalsobeaskedo shareaudiofiles of theirwork with theteacher

only or with other students, and work with their audio or video files. Padlet offers endless
possibilities to cater to the needs of various groups of learners.

2.4 Advantagesof using Padlet

Based on my experience, incorporating Padlet into classroom activities significantly enriches
and supports English language learning. Beyond language practice, Padlet also promotes

collaborationcommunicationgreativity, andcritical thinking T competenciethatarecrucial
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in bothacademi@ndprofessionatontextsit stronglyencouragesteractionbetweerstudents

i not only during the process of deciding which content to upload, but also learning what
content to prepare and how, and how to respond to and work with what other students shared.
Sharingand collaboration ataskis often seen asrucialfor successn theworkplacetoday.

For this reason, Padlet activities can significantly contribute to the development of essential
soft skills.

Another benefit worth mentioning is that generally all students participate in Padlet activities,
includingthosewho tendto bereluctantto speakupin theclassroomCollaborationon various
activities ensures that time spent in the classroom is stoedatred, rather than teacher
dominated. This is especially true for more complex, collaborative tasks. Working in small
groups when preparing the post and collaborating on solutions enables students to ask
guestionsparticipatein discussionsgompromiseandmakedecisionsexposeshemto diverse
perspectives, contributes to the development of hitgwel thinking, can boost their
confidence, etc. It partially removes the barriers that hinder some students from patrticipating,
supportingstudentsn suchaway thatit enhances bottheir Englishlanguageproficiencyand

soft skills (see Figure 7, selected results of an instant feedback survey focusing on perceived
benefitsof Padletinvolving 60 15tand2"! yearESPstudents separatgroupsof Art History,

Political science, Marketing communication).

While the responses seem to be overwhelmingly positive and appear to mirror my perception
of students” work and enthusiasm for Padlet based activities, in future it may also be worth to
examine the perceived disadvantagewhich the instant survey mentioned above did not
examing to getamorebalancedriew andto attemptto removethosebarriersthatmayhinder

learning or the welbeing of students.
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Figure 7 Feedbaclsurveyi perceivecbenefitsby students
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3 Conclusion
To sumup, Padleti asaversatiledigital boardi is oneof theavailableonlinedigital toolsthat

has made its way into the ESP classroom. It can be used in a variety of ways that can
significantly influence student participation and engagement in the ESP classroom. Due to its
collaborativenature it encouragesommunicationn Englishandfostersandenhancegarange

of soft skills, laying the foundation for success in the workplace.
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Pursuing students answersin classroominteraction

Janal.okajova

Abstract

The objective of this paper is to draw on EMCA analytic tradition of qualitative research to
provideinsightinto severaltypesof strategieshathavethe potentialto leadstudentdo answer

a teacher’s questions after moments of silence. For the purpose of this study, four Slovak
languagdessondgor foreignerswverevideorecordedvith threeB1 groupsof Ukrainianstudents

in 2024duringaperiodof onemonthusingtwo cameraspnedirectedattheteacheandanother
atthestudentsn theclassroomSubsequently]effersoniartranscriptionvasusedto transcribe

fine prosodic details of selected questarswer sequences where the potential to elicit an
answer was observed through various grammatical, prosodic, gestural and body resources.
Several interactional techniques were observed to be employed by the teacher in this specific
classroonfi e ¢ o | nangelyd) grammaticatephrasingof WH questionsb)usingf d e si gned | vy
i ncomplete utteranceso (DIUs) and c¢c) proferr
turn. This technique was employed to provide students with tharigadthe correct answer

by offering an answer that was dismissed either by the students or the teacher. In one of our
examples, this practice also produced laughter.

Keywords: classrooninteraction,ethnomethodologynultimodality, strategy pursuit

1 Introduction

Dynamics of interaction in a foreign language instruction has long been studied from various
perspectives mainly with a pedagogical and/or psychological focus. Many of these studies are
aimed at describing the role of positive motivation in learning, affect and@ditdience
(Dulay, H. & Burt, 1977; Krashen, 1982; Stevick, 1976) or the type of corrective feedback
given to students to enhance their learning process (Ellis et al. 2006; Han et al., 2022). More
recently, a few new studies from EFL classroom have also shown that if a teacher supports
feedback by a gesture, learners will notice it more and repair themselves (Sato, 2019) proving
that gestures play a crucial role in facilitating comprehension (Bekke et al., 2024). However,
gestures may be employed in different situational and sequential contexts of interaction along
with specific prosodic features of language and its grammar not only to repair students’
mistakes but also to elicit their answer to a teacher’s questions.

In conversation analysis developed from American ethnomethodological tradition (Garfinkel,
1967) bySacks (1992), Schegloff (1968) and Jefferson (1991), interactional phenomena, such
as turntaking (who speaks next), or repair (who corrects oneself and/or others and when) are
observedoy a detailedanalysisof theso-calledii a d j a a& inh gélassroomnteraction
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thebasicunit of interactionmaybeformedby adjacencyairsof ateacher” guestionghatform
anexpectatiorof ananswersoas t u d answeli@ arelevantsubsequerdction.If theanswer

from the class or the selected student is not forthcoming, the perceived silence may trigger
repairs (reformulations) of the original question. In second language acquisition many repairs
of WH questionsaredonethroughrepetitionsof ateacher”svhole questionsspecificquestion
wordsthatcouldhavecausegroblemsn understandingyr throughtranslationto L1 (Hosoda,

2014). Rephrasing the question to a polar; yesquestion, is also one of the methods that
interactants emploto mobilize an answer after moments of silence and studies from ordinary
interaction prove these are responded to faster (Stivers, 2022). Other strategies may involve
Afdesignedly incomplete wutterancesi (DI Us) i
literature defined as unfinished turns that may be accompanied with continuing intonation
contour, lengthening of vowels and gestures (Koshik, 2002). Although these turns do not
representypicalii t wanstructional n i (TQUPbecauséheyarenotsyntacticallycomplete,

they have a potential to trigger a consecutive action (e.g. repair/correction, or an answer) and
thus form conditional relevant environment by embodying an action (Schegloff, 1968).

In ordinary conversations, silence and gaps in interaction may be heard by interactants as
problemsof understandinggadingto pursuitsof ananswethroughclarificationof problematic

terms (Pomerantz, 1984). In foreign language teaching, silence after a question could suggest
that students experience language difficulties resulting from their lower competence level and
thus various scaffolding techniques are suggested in pedagogy for teachers to assist their
students with comprehension problems and learning process (Bruner, 1985; Guerrini, 2009).
Examplesf scaffoldingincludeat e a c fegularéhsckgor understandingyuidedquestions,
cooperative group work, but also visual prompting using gestures (Klimszova, 2018).

The interactional trouble connected with silence within a student’s produced answer in the
unfinished TCU turn may be interpreted as searching for words. In CA studies, this has been
sometimes observed to be followedtoh e st r at egy of Aproferring
teachein theirturn helpedrestorethe progressivityof thestudent” galk by offering a candidate

answer of hyperbolic or absurd character (Amar, 2021).

As laughter may be an accompanying feature not only of mundane but also institutional
interaction, it is worth noting that in CA and ethnographic studies of classroom interaction, a
detailed transcription of laughter along with a possible preceding or subsequent facial
expression (smiling) of participants plays a crucial role in analysis. It can lead to various
sequential consequences such as topicalizations, disaffiliative suppression of laughter among
some groups of students or affiliative joining in laughter with other groups (Jefferson, 1972).
The purpose of this research is thus to demonstrate that a multimodal analysis involving the
descriptiorof languagegesture®reyegaze( i e mb cadtiongsdaiwin,2008)hasastrong
research potential to reveal which interactional resources teachers regularly employ to elicit a
relevant answer to their question.

3.1 Method
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Fourlesson®f the Slovaklanguageleliveredby thesameeacheion CEFRIevel B1 with three

different groups of Ukrainian students were videorecorded using two cameras, one directed at
the teacher and the interactive board, another one at students in the classropunpd$enf
theselessons was to revigketopic of geometryand physics that had alrealgen covered in
previous classes with the same teacher and at the end of the recorded classes a short test was
taken to check students” understanding of these concepts. Excerpts where the teacher was
eliciting an answer to her questions were transcribed usinggfaieed Jeffersonian
transcription(1994)usedin EMCA analysisto describeiming andvocaldeliveryof question

answer turnsThis was complemented lmapturing details of visible conduct of interlocutors
(gaze, gesture) in short video frames embedded in the transcript (Hepburn & Bolden, 2017),
which was multilinear (Sidnell, 2009). The first line of each speaker reflected fine prosodic
details,the secondbnewasa combinationof morphemiamarkingwith Englishword- by- word
translation and the third one was an idiomatic English translation of the turn. The information
consent was given by students in this study to the teacher to comply with standards of ethical
research and AKVIS Sketch software was used to disguise identities of interactants.

Thefollowing symbolswereusedin ourtranscription.

@) Micropausega brief pauseless than 0.2econds)

(0.5) Timed pausgin seconds)

[] Overlappingspeech

Lengtheningpf asound

Falling intonation(final)

? Risingintonation(questionlike)

, Slightrising intonation(continuing)

\ Markedpitchrise

Z Markedpitchfall

°° Talk is quieter

°° Whispering

>< Talk is faster

<> Talk is slower

Hhh Audible aspiration(e.g.,laughter breath)
.hh In-breath
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((text))  |Descriptionof nonverbalactionsor contextuainformation

£ Smileyvoice

hhahaha |Laughterparticlesembeddedn speech

4 Research

All our videorecorded lessons of the Slovak language for foreigners started with a revision of
common geometrical and physical concepts covered in previous classes by the same teacher
with small groups of 4 to 8 students. At the end of theser®Qute classes, a short test was
taken by the students to check their knowledge of the revised contéptdocus of our
researclwasto analysethe questioranswersequencebetweertheteacheiandherstudentsn

a multimodal way to find possible regular interactional patterns that play the role in teacher’s
pursuits of an answer from her students.

The transcription of the Excerpt 1 illustrates how an answer may be pursued through changes
in question’s syntax (its typology) further supported by the use of indexical and iconic hand
gestures topicalizing the category of students, gradually mobilizing their active engagement.
This transcript shows that the teacher adapts her assumptions on what students might know
about the scientific topic by simplifying her questions, which promotes a stoeletned
approach in learning (Marinko, I. & Marinko, J. 2015; Rogers, 1983).

In Ilines 3,5,7 the teacher began the activit
by askingseverafrepairedormsof polarquestiordirectedio thewholeclasswith ananaphoric
pronoun in expression At§8 silan(lines 3,7).
student’s correct answer in line 18 and asked a WH question about how (bodies) may act on
each other (fiako m:gu na seba pltsobiSAa) in I
in the teacher’s repairing of her original question to angeguestion (lines 223). During a

repairof thequestiontheteachestartedusinganindexicalgestureof a pointinghanddirected

at students (Frame 1) before expressing thi
(Avyn). Anot her hand gest ur-ercleo(Frame B)dolloweda c h e r
shortly afterwards, iconically representing a group of students themselves. The onset of this
gesture started again before the linguistic verbalisation of this concept, which is a common
interactional pattern (Kaderka, 2011; Streeck, 1993). Thengaguestion inquiring whether

there is a force of certain kind between the students and the objects successfully elicited the
correct answeof Student Aabout gravitational forc@line 25), which was delivered without a
significant silence, after a 0.4 second gap. The teacher’s positive assessment of the student’s
answemwasalsoaccompanieavith anotheiindexical(humerical)gestureof thethumbcarrying

two meanings, not only that of a positive appraisal of the student’s correct answer but also
projecting a certain inadequaof/the answer and momeformation to comé¢Frame 3).There

seems to be a clear boundary between the two uses of the gesture as evidenced by our
videorecording.The gestureassociatedwith the first meaningfinished rapidly (after the
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evaluator Adobren), whil e the onset of the
speak about Aithe gravitational forcen, and
throughout her whole turn extending to the b

As may be noticed in Frame 1, the teacher’s first hand gesture anaphorically referred to and
foreshadowedtierfollowing iconicgestureghatimpersonatethe categoryof studentsn amore

concrete way (Frame 2). In this particular sequence a successful answer of the students was
mobilizedthroughpedagogicasimplification of the otherwiseimpersonal concepif physical

forces through a closer materialisation of this distant concept focusing on students” personal
experience with the world.

Theteacher ®ffort at furtherpedagogicasimplification of heroriginal WH questiorwasalso
illustrated by another embodied action, her gaaening around the room before she

l i nguistically verbalized the act of f#fAseeing
no question was again answeredthy student (line 29), although his answer was considered
as partially inadequate (line 31) when the

conjunction. This type of teacher’s assessment served as a topical pivot, on the one hand
blockingfurtherthematicdetailsof the previousanswer(why it is notpossibleto seethisforce)

and at the same time, manoeuvring the student’s answer to a more relevant point about the
character of the physical force itself.

The observation of the teacher’s techniques in Excerpt 1 seems to support the evidence that
polarquestions arenore readilyanswered bynteractants (Stivers, 2022) as student’s answers
toyesnoquestionsn ourrecordingsverenotfollowedby long stretche®f dispreferregpauses

(0.4 see 0.5. sec.). In sequence-32, for example, the teacher provided three reformulated
versionof theoriginal WH questionwhensheasked) if studentcanactuallytouchtheforce,

b) what is that force like, c) or if they can see it directly. In this particular context, a negative
answer to the question was almost instantly forthcoming without any pause (line 33) perhaps
dueto ateacher” provisionof two improbableoptionswithin oneturn, hergrowingpersistence

in pursuing an adequate answe&his pedagogical technique when a questioner reformulates
his/her question assuming a certain type of recipient’s knowledge operates in this context as a
correctiveinitiation device(Sacks,1992)asit servesasa steptowardseliciting acorrectanswer

after the implausible option has been dismissed by the student in line 33. It is similar to the
strategof Aproferring of a candidate answer i wh
(Pomerantz, 1988). In our excerpt, however, these options are negated by simple negative
particle suggesting their undesirability.

A similarstrategytoil p r o f acandidateagn s wsgoirfgto beanalysedn Excerpt2 where

a more hyperbolic candidate answer is employed by the teacher prior to receiving an answer
from students. This is preceded by other techniques used in pursuing students” answers, such
astheso-calledii D | tUriis.Theexcerptelowshowstheteacher sisageof moreinteractional
resourcecludingworkingwith theteachingmaterial{thewhiteboardabook),touchingand

tapping on them, which suggests not only tactile but also auditory elicitation practices.

Whatfollows is a detailed multilineartranscriptof Excerptl.
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Excerpt 1. Teacher suseof yesno questions accompaniedvith hand gestures

1 Teacher:

2

3 Teacher:

6 Teacher:
7

8
9 Student:

10 Teacher:

11 Student:

Dobre eehm::bavili sme sateda::é | toEaSila.
PRT talked AUX sowhat is DEMthat force

Ok, so we have talked about what is the force

(0.2)

DA ROUOA OE AHOA 1 AEZ
remember-PL.still somehowthat what is DEMthat force

do you still remember somehow what is the force?

(0.5.)
alebovedeli by ste mito nejako()T B p OAT
or MODyou CONDto me DEMsomehowdescribe

or could you describe it to me somehow

(0.7)

svojimi vlastnymi slovami, = & fje-é lje tasila?
your own words-INS .that what is what is DEMthat force

with your own words what is the force?
(2.5)

°Sila,to je fyzickaO A1 E @B) U U
Forcethat is physical quantity
Force,it is aphysical quantity

pozéor, no nie-nie fyzicka, ale?(0.5)

attention, well NOTphysicalbut

be careful, wellnot physical but
Fyzikalna

Physical

Physical
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12 Teacher:

13 Student:

14 Teacher:

15
16 Student:

17

18 Teacher:

19

20
21

fyzikélna, supé:r(.) ehm

physical EVAL

physical,superb

ktora (0.5) hmm:ktora, UT UUT @HAEA

which which depicts

which which depicts

é lopisuje?

what describe

what doesit describe?

(2s)

.hmmné::(0.2.) akini < teles&(0.5) alebol E A Bn&:{0.5.)
PRT if other bodies or something
Well if other bodiesor something

zaujimajezé:: danymtelesom>

interest PREPrespectivebody-INS.

act on respective body

Ano,(.) super.é E &kdposobiana sebatie teles&

PRTsohow acton eachother those bodies

Yes,sohow those bodies acton eachother
Supér.aako- akoA E leMmi E Ln@sebaD EOT AET ¢

EVAL and how how how MODon eachother act

Superb and how how how can they act on each other?

(2.2)

é E &:Amvyteraz (0.5) E A $i-E A i zoberiete samiseba.
A1 A2

o) you now when REFLwhen REFL take your own selves

S0 now when you-when you take yourselves

Framel. Frame?2.
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28
29 Student:

30

FACULTY OF MECHANICAL
ENGINEERING

Time: 1:.01:27 Time: 1:01:28

(0.7)
hm: E A®2)aleboje medzivami amedzil E A édjkasila?
is or is betweenyou and betweensomething someforce

is or is between you and something a force?
(0.4)
no,gravitaé 1 A
PRTgravitational

well, gravitational

43 ((starts looking around the
room)
PRT, EVALEVAL DEMgravitational force

Ok, excellent. Superb. This gravitational force

Frame3.

Time: 1:01:41

jeto nejakasilaktord vy AT E U eEnBn@032.) nejakoO E A E
Is DEMsomeforce which you MODsomehowsee

Is it a force that you can somehow see?

(0.5.)

no,OE AR @0.7)DOA O OA & inddydjelesa(0.5.)
PRT see NOT because is very small bodies

well, not seebecauseit is avery small body

amame(0.2maldEi T OTB@AO01 Ljé: QA cnEhh.
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andhave-PL. small massbecauseforce is very small

andwe havea small massbecauseit is a very small force
Ano,$ T A Qladide oto, é ¥ saaj dotykate nejakol E A é
PRTright but VERB about it ifyou also touch something

>\
p2!
ml
T

314 A

Yesright the point is whether you canalsotouch athing
32 alebd(.) aleboakhajetasila,é-EjEA T E U D & Quidaio,
or or what is DEM force if if it-FEM MODPL. seedirectly

or what is that force whether you can see it directly

33 Student: ehm: (0.2.) nie
NOT-PRT
No

34 Teacher: NIE,dobre.ehmé E in&hnenejaké- nejakusilu, ktora pésobi

((hand gesture,half-circle))
NOT-PRT PRT  sohave-PL. somesomeforce which acts
No, ok, so we have a force which acts
35 vO O é E(Ppol.
in certain field

in acertain field

Excerpt 2 demonstrates several instances of fead | ed fidesi gnedly 1inco
(DIUs) in teacher’s turns (line 6, 17, 19) that repaired a previous turn. An interesting
observation is that these incomplete utterances were employed by the teacher when eliciting
theoretical knowledge of physical concepts classified in certain lists, for example information
about types of physical fields (line 6), or about different ways objects may interact with each
other through force (lines 13, 14). In our examples, DIUs were delivered with slightly higher
pitch at the end of the teacher’s TCU (line 6, 19) and in line 17 with a stretched sound in the
word (something) NRel sefi (Aegteif). However,
accompanied with a changed facial expression of the teacher, her body posture or a gesture,
which suggests that these otherwise syntactically incomplete turns may be made complete by
embodiment of action (Walper, 2021). In the first and second DIU (line 6, 17), the unfinished
turn was accompanied by the teacher’s raised eyebrows, and in line 19, the DIU was shortly
followed by the teacher’s touching and movingedching material (a book, Frame 5).

In thefollowing paragraphs, two DIUwill be described in detail to exemplitiie potential of
avarietyof interactionakesourceshattheteachemhadat herdisposalwheneliciting a missing
item from the list of concepts including prosody and working with the teaching materials.
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In line 17, theteacher ®riginal WH questiorfrom lines13-15 wasrepairednto analternative

type of incompligt eI Ui egiutetséri on, whi ch was ac:«
teacher’s body posture (Frame 4). The teacher s-geeni body tilt was directed partially
towardstheinteractiveboardwheretheknownconcepofii f i ehdddegralreadywrittenand
alsotowardstheclass.Theinterestingpedagogicapoint hereis thattheteacher” pursuitof the

missing information about how objects can interact with each other was done by building on

the alreadyelicited information from students. The alredahown information about physical

fields waspresentedh this alternativeDIU questiomasthefirst optionfrom alimited two-item
theoretical l 1 st -eéi.t hAecrc otr dn omgg ht of iJeelfdfser sron
speakership roles regularly occurs after listing of the final item from theplarédist and if

thisis notthe casethelist comprisedeweritems orthe remainingitemsfrom thelist describe
asimilaractivity. In our exampleabovea DIU accompaniedtby raisedintonationanda change

of bodytilt invited completion of the missing information Bjudents after the first item from

thelist had alreadybeen elicitecandthe changeof speakershipvastherelevantextactivity.

Theteacher ®therstrategiegimedat promptingstudentgo arrive atthe remainingitem from

thelist werefurthermobilizedafteranothersilence alongergaplasting2.5 secondswhenthe

teacher quickly looked at several students (line 18) to elicit an answer and thus manage the
participationframeworkor increaseengagemerit the classroon{Waring& Carpenter2019).

This technique was then followed by another incomplete DIU turn productek ligacher in

line 19, where the pursuit of an answer was done differently, in repaired form using the
conditionalclausewith a shift to negativesyntax.It wasalsoaccompanieavith teacher” gjuick
circul ar hand motion above the board where
written, which wasdismissedy the teacheasan alreadyknownoption( A w lit & notdone

through theséelds, it is dong h r o u fheekmination ofthe knowninformation from the

list by the teacher thus projected the relevance of new information. When students” answers
were still not forthcoming (line 20), after a gap of 0.5 second, the teacher’s sensory (tactile)
movingof thebookfollowed (line 21, Frame5) andthiswas,afteranothepauseof 0.3second,
interestingly followed by the teacher’s tapping of the book in line 23 producing an auditory
experience. The book’s tapping thus served to mobilize the relevant answer of the students
through recalling the teacher’s prior sensory work with the teaching material.

However, when the answer to teacher’s question was still not forthcoming, the next and final
interactionaresourcdhattheteacheresortedo in the momentsof persistenstudentssilence

(0.3 0.5sec.)wasprofferinganundesirablendhyperboliccandidateanswel(lines25-26) that

i i orderto movethebook,it is perhapsiot enoughto look ati t Tiis wasaccompaniedvith

the teacher’'shanged bodyposture, movingwayfrom thetable wherehe book was situated,
pointingat it with herstretchedarmheldin suchpositionfor afew secondsndlookingatit in
adeeplyfocused and serious way. Thatureof teacher dook is relevant heras it mimicked
themagiciantrying to hypnotizeor levitatethebook(Frame6) creatingalaughablgpantomime.

The interesting interactional point is that the strategy was accompanied with laughter of one
student (Student B) who also provided the audible answer (line 34) and who had not been
speakingsinceline 8. The laughtebetweerntheteachemandthis studentwassharedn overlap
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in lines 2930 when the teacher’s laughter culminated, although at its onset, the Student B's
laughter was delivered during a pause (a gap) and was suppressed.

The student’s answer was also delivered without any dispreferred marker of hesitation or a
pause, similar to answers following polar questions in the first excerpt. This suggests that
silence from students which stalls progressivity of talk may be fixed using these interactional

resources.

Our observatiorof laughteroccurringaftera hyperbolicexamplehadbeen usethy theteacher

in herquestiorturn confirmstheobservatiorirom EFL classesvhereabsurdcandidateanswers
were provided byeachers (Amar, 2021)uture research could therefore focus on collecting
moreinstance®f thesehyperboliccandidatdormulationsto examinegf progressivityof talk is
fixed through these devices in all contexts or of DIUs that may precede these contexts.

Excerpt 2. Eliciting an answer fromthe list through teacher’s embodiedncompleteturn
design (ADI Ush).

1 Teacher: Potomkde A H @#Aika (.) to pole?

Then where else forms DEM field

Thenwhere elsedoesthe field form?
2 (0.2))
3 aké polemame?

which field have-PL.

which field dowe have?

4 StudentA: Magnetické
Magnetic
Magnetic
5 Teacher: Magnetické,O0 OB A O

((turns to board and starts writing))
Magnetic EVAL

Magnetic,superb,
60 An
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7

8 StudentB:

9 Teacher:

10

11 Teacher:

12

13

14

15

16
pX©°

FACULTY OF MECHANICAL
ENGINEERING

((raised eye-brows))
and

and
(0.2)
Elektrické

Electric

Electric
Elektrické. vynikajuco.
((turns to board and starts writing))

Electric excellent

Electric excellent
(2.5)
((writing onthe board))

Dobre?é E to fhdmevlastne eh:silu ktora vznika (0.2)

Right? so DEM have-PL. actually aforce which forms

Right? so this is actually a force which is formed
alebopbsobiehm prostredni-dnictvom nejakého

or actsthrough through some

or actsthrough through some
fyzikainehoD I §2&.) ahpotom mameA H-A A DAY v
((writing the answer on the board))

physicalfield andthen have-PL.alsoalsowhich

physicalfield and then we alsoalsohavewhich?
e::hhh(0.3.) alebovzajomnépdsobenietelies (0.2.) A H €

or mutual acting of bodiesalso

or how canmutual acting of bodiesalso
AEIAY EDIOREAOET ¢

how MODmanifest

manifest?

(0.5)

A O tezfyzikalne polia, (0.2) aleboA HOA ¢, e

14 ((body torque)) ((raising eye-brows))

either PREP physical fields or also
either through physicalfields or also

Frame4.
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Time: 1:03:39
18 (2.5.)
((gaze-panning))

P wO E A io nejde ceztieto polia, O A E ¥
((quick circular motion around the board))
when DEMNOTgothrough thesefields then
whenit’s not donethrough thesefields, then

20 (0.5

21 ((teacher movesfrom the board closerto abook and moves
it))

A5

22 StudentA: °°dotyk°° ((inaudible))
touching
touching

23 Teacher: hm?(0.3) é Isomurobila?

((tapping the book and gazepanning))
what AUXdo-PSTFFEM
what have | done?

24 (0.5))

25 Teacher: nato abysompresunula::(0.2) td knihu asine® O A &dna
PREPDEMAUXmove-PSTFFEM that book perhapsNOTenoughthat on
in order to move that book it is perhaps not enough to

26 b (@ozriem
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27

28 StudentB:

29Teacher:

30 StudentB:

31

32

33

34 StudentB:

FACULTY OF MECHANICAL
ENGINEERING

16
It-FEMIlook-1st,
look at it
Frame®6.
Time: 1: 03:58
(0.2)
Huh
Frame?7.

Time: 1:03:59
aal AAT EBLBET E¢ A EKREEdsinhiem

andand NOTmanage1st,,sg looking-INS it-FEM NOTmove-1st, sg.

and | cannot manage to move it by looking at it
[hhuh huh

také schopnostinemam(0.5)

thoseabilities NOThave-1st.sg.

| don’t have such abilities
é E & Ilamusim O b O AllyEdm zmenilajej polohu?
sowhat | MOD doin order AUXmove-PSTFFEM it-FEMposition

so what do | have to do in order to move its position?

(0.5.)
AT OL EAT h
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touch-INF
touch
35 Teacher: Vyborne (.) é E ¥zdomnym dotykom
((turns to the board and writes down a correct answer))
EVAL so mutual touchINS
Excellent, soby mutual touching

5 Conclusion

A detailed multimodal analysis of two excerpts from four videorecorded Slovak language
classes held at SjF STU in November 2024 has illustrated a number of powerful interactional
practices that language teachers working in the field of science, ESP or CLIL may employ to
mobilizeattentionandelicits t u d answtersAbconversationahnalyticapproachusedin this
qualitativeresearclof classesvherescientificconceptavererevisedshowedhatgrammatical
reformulations of WH questions can serve to simplify the pedagogical content of the covered
topic or build on recalling the information recently elicited from the class. The techniques of

the observed teacher also included shifts from positive to negative syntax in her questions and
the usage of thesmal | ed fAdesignedly incomplete utter a
in contexts where the question about a scientific concept implied a classification into a list of
numbered items (answers). In these turns, the teacher pursued an answer by syntactically not
finishing her question. The knowledge of the last remaining item from the list of possible
answers was elicited from students by more complex multimodal resources. These included
prosodic features, such as raised intonatio
expressiorfraisedeyebrows)gazepanningandasensorygesturancludingmanipulatiorwith

teaching material (a book) but also auditory recall of the correct answer. Both excerpts also
show that the teacher led her students to arrive at correct answers by asking questions that
presente@mpiricallyor logically incorrectexampleshatweredismisseckitherby thestudents

or the teacher herself. These examples al so
producedaughtereliciting a reply. Our studythussuggestshatteacher ursuitof ananswer
mayincludeavarietyof interactionalndmultimodaltechniquessomeof which mayfacilitate

smoother progressivity of talk in class by introducing laughter or simplifying a teacher’s
question syntax. Future research could focus on observation of more scientifically oriented
languageclassesn orderto supportour qualitativefindings presentedh this articleandalsoto
examinetherole of teacher” gesturesn correctivefeedback(3rd positionrepair)in relationto
student 6 s p o s s-tcobecten (stheinitaeedjrepain.t s el f
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Enhancing Skills Through Student-Led Invention Projectsand Technical

Documentation (Instruction Manuals)

LiviaLukgi cov 8§

Abstract

Instruction manuals play a vital role in guiding users through product assembly, usage and
troubleshooting, but their effectiveness is heavily influenced by their design. This study
investigates the role of structured technical documentation in stledeitvention projects,
specifically within the context of a course at the Faculty of Mechanical Engineering at the

Sl ovak Uni versity o f Technol ogy i n Brati sl
involvementin creatingproductprototypesindcorrespondingnanualsenhancetheirtechnical

writing, critical thinking, and problemolving skills. Findings indicate that structured
documentatiommprovesstudentsability to communicatéechnicalinformationeffectivelyand

fosters creativity. The study also discusses the challenges of balancing technical accuracy and
user accessibility in writing technical manuals.

Keywords: Instructionmanualsprojectbasedearning,creativity, technicalwriting

1 Introduction

Instruction manuals serve as essential tools that bridge the gap between manufacturers and
consumers, providing detailed guidance on product assembly, usage, and troubleshooting.
However, many users often overlook these manuals due to negative preconceptions formed
from previous experiences. As noted by Anders (2021), "there is a noted lack of interest and
optimism in using instruction manuals because customers have developed negative
preconceptions through previous poor experiences that created feelings of irritation and
frustration”.

The design and format of an instruction manual significanflyence its effectiveness. Clear
organizationconcisdanguageanduserfriendly formattingcanmakea substantiatifference.

As highlighted by Instructional Solutions, "user manuals are a critical component of the user
experience, essential in ensuring safety, enhancing usability, and providing support." By
providing stepby-step guidancand troubleshootingolutions, instruction manuals contribute

to a more positive user experience and greater product satisfaction.

The importance of instruction manuals extends beyond individual users. They play a crucial
role in education and skill development, particularly in structured learning environments. The
integration of studentled invention projects with technical documentationenhancesboth
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technical writing and problersolving abilities. As part of my study conducted at the Faculty
of Mechanical Engineering at the Slovak University of Technology in Bratislava, students
engagedn atwo-semesteprojectthatinvolvedinventinga productanddocumentingt through
structured technical documentation. This initiative aimed to improve their technical writing
skills while fostering creativity and analytical thinking.

Helle (2006)emphasizethat"goalsfor projectbasedcoursesaretypically manifold,including

mastery of subject content, application of knowledge, critical thinking and communication
skills." However, the authors caution that it is not easy to concentrate on them all, suggesting
that teachers should focus on defining clear and realistic goals to avoid spreading the learning
objectives too thin. This perspective is critical for understanding how structured technical
documentation can align with specific goals in projemsed learning, as it provides students
with clear, achievable targets for their work.

Theintegrationof structuredechnicaldocumentatiorn studentprojectsservesasa methodof
"guided discovery learning,” as described by Helle et al. (2006). This aligns with Aristotle's
idea that "the things we have to learn before we can do them, we learn by doing them,"
emphasizingheimportanceof handsonlearningin developingpracticalknowledgeandskills.

In this study, students were encouraged to document their inventionbystegp, which
provideda concreteholistic experiencavhile alsofosteringcritical thinking andcreativity. In

his Nicomachean Ethi¢sAristotle argues that practical knowledge is gained through actions
and practice rather than through mere theory. This idea underpins his belief in developing
virtues and skills by engaging in the actions that embody those virtues. This principle guided
my research, which explored how structured documentation impacts the quality of technical
writing andtheoveralllearningexperienceTheresearchjuestionsaddressehcludedhowthe
procesf inventinganddocumentingoromotescritical thinking and creativitythe challenges

faced by students, and the improvements observed in technical communication skills post
project.

Structured instruction manuals serve as a foundation for improving student engagement in
technical documentation. This aligns with the research findings that following structured

guidelinegositivelyimpactedhequalityofs t u d teahricaM@rite-ups,asevaluatedhrough

clarity, accuracyandcompleteness-urthermoregooperativéearningstrategieighlighthow

student interaction in group work fosters deeper learning. By collaborating, students improve
problems ol vi ng and communication skills whil

success.

Helle et al. (2006) also stress tlmeportanceof "assessmenih projectbased learning, noting

t hat "assessment i's especially difficult?”
initiative, (guided) selfegulation and selffeflection” should play a significant role in
evaluatingheirwork, reinforcingtheimportanceof feedbackandself-assessmerirh improving
technical writing and problersolving skills.
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2 ResearchQuestions

This research delves into the effects of studieditinvention projects on the development of
technical documentation skills and problepiving capabilities. The study centered around

key questions regarding how the process of inventing and documenting promotes critical
thinking and creativity (this issue explores the cognitive and creative aspects of the project).
The next research questions examine how the iterative process of ideation, prototyping, and
documentation fosters critical analysis and imaginative solutions), as well as the challenges
studentdace,includingtechnicaldifficulties andtime managementdditionally, theresearch
investigatesheimpactof structureddocumentatiomguideson the quality of studentstechnical
write-ups and assesses improvements in their ability to effectively communicate technical
information following the completion of their projects. (Here it is evaluated the effectiveness
of structured instructions manuals in helping students produce clear, comprehensive and
professional technical document s and studer
conciselyand effectively.) Through these inquiries, the stadgks to gain deeper insight into

how invention projects can enhance both technical and creative skills in students.

3 Methodology

The study was conducted with seceyahr students from the Faculty of Mechanical
Engineeringat the Slovak University of Technologyin Bratislava,who were enrolled in

a course called Technical Communication in English. This study was split into two semesters
to allow students to develop both practical engineering and communication skills. The first
semester focused on the creation of a unique invention, where students had to conceptualize,
prototype, and present their projects. The second semester emphasized writing the technical
documentation (instruction manual) for their inventions. Students followed a structured
documentation guide, which included understanding the purpose and audience, writing an
abstract, creating a detailed description with diagrams and specifications, and addressing use
casesmaintenanceandtroubleshootingThroughoutheprocessstudentseceivednentorship
andfeedbackDatacollectioninvolveddocumentatiornalysidhasedn clarity, completeness,

and technical accuracy.

The evaluation of the project considered creativity, technical documentation quality, and skill
development. Metrics included clarity of writing, use of visuals, technical depth, and the
student so ability +to convey i nformati on e f
significantly enhanced their ability to communicate technical information concisely and
professionally.
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4 ExpectedOutcomesand Potential Applications

The expected outcomes of integrating instruction manuals into stiedeimvention projects
include enhanced creativity, improved technical writing skills, and stronger praolemg
abilities. Additionally, teamwork and collaboration were fostered through brainstorming
sessions and peer reviews. These skills have direct applications in STEM education, career
preparation, and even community probisaiving.

5 Analysis of StudentsWorks
5.11roning Cabinet Manual

Innovation often arises from a desirestmplify everyday tasks and thdroning Cabinet is

a perfect example of this. Designeddgtudent inventor, this unique device reimagines the
traditional ironing process by introducing amtomated, spaceefficient solution. Unlike
conventional irons and ironing boards, which requianual effort and time, this invention
streamlinesheprocessy usinga mechanizedsystemthat gradually pressesclothesplaced
within grooves.

More than just a household appliance, baning Cabinet is atestament to studentled

invention projects and their role in developinggchnical documentation, problemsolving

skills, and creativity. The student 6s de s ipmcicalnengineeng | v d e
solution but also highlights the importance stfuctured documentation in communicating

complex ideas effectively. By analyzing the user manual, we can assess how well it supports
technical communication, clarity, and usabikthile reflecting the iterative design process of
studentled inventions.

Technical documentation is not merely a set of instructions; it requires analytical skills and
creative problensolving to communicate complex processes clearly. [fdr@ing Cabinet
Manual exemplifies this by logically organizing its content into sections sucRraguct
Overview, Installation Guide, Operating Instructions, Maintenance, and
Troubleshooting. This structured approach ensures users follologcal sequence
preventing confusion and errors during setup and use.

One example of how the manual fostergical thinkingis its Troubleshooting section. It
encourages users thagnose and solve potential issuethrough logical reasoning For
instance, if thecabinet fails to turn on, the manual provides stdyy-step checks such as
ensuringa securepower connection checkingthecircuit breaker, andrestartinghe system.
By presenting atructured problem-solving approach the manual not only aids users in
fixing issues but alsdevelops their ability to systematically assess and resolve technical
problems, a key aspect of critical thinking.
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3. Clothes Not Ironing Properly:

Troubleshooting o Ensure the clothes are properly positioned between the grooves.
o Check the temperature and ironing mode settings on the display.
1. Cabinet Not Powering On: o Clean the grooves to remove any debris that may be affecting performance.
o Ensure the power cord is properly plugged into a working outlet. 4. Unusual Noises:
o Check the circuit breaker to ensure it hasn't tripped. o Inspect the cabinet for any loose components.

o Ensure the cabinet is placed on a stable and level surface.

o If the problem persists, contact customer support.
o If the noise persists, contact customer support.

2. Display Not Responding:
o Restart the cabinet by unplugging it and plugging it back in.
o Ensure the display is clean and free from any obstructions.
o If the issue continues, contact customer support.

5. Error Messages on Display:
o Refer to the user manual for specific error codes and their meanings.
o Follow the recommended troubleshooting steps for each error code.
o If the issue remains unresolved, contact customer support.

Figure 1: TroubleshootindUserManualfor thelroning Cabinet)

The Ironing Mode and Temperature Selectionpart requires users mnalyze fabric types
and choose the appropriate settings accordingly. Instead of providing-sizefits-all
solution, the manual preserd#ferent fabric types and their corresponding heat levels
prompting users tahink critically about their choices. This engages users decision
making and adaptation, mirroring realworld engineering probleraolving where variables
must be adjusted for optimal outcomes.

Select Ironing Mode:

e Use the display to navigate through the available ironing modes.
e Choose the appropriate mode based on the type of fabric you are ironing.

Set Temperature:

e Adjust the temperature settings on the display according to the fabric requirements.
e Refer to the fabric care labels for recommended ironing temperatures.

Figure 2: Operatinglnstructions(UserManualfor the lroning Cabinet)

I would recommend somigprovements that would focus on adduigrity and detail to each

step, ensuring users understand exactly what to do. For example, specifying how to select the
appropriate ironing mode based on fabric type (e. g. "Delicate", "Cotton", "Wool") and
adjustingtemperatureettingsaccordingo carelabelswould helpuseranaketheright choices.
Additionally, providingtips on properlypositioning clothes in the grooves and monitoring the
display for progress or errors would prevent potential issues. By offering clear instructions,
these updates would empower users to achieve the best results with minimal effort.

The Installation Guide breaks down the setup intsmall, manageable taskswhile
maintaining aogical flow. For example, it instructs users to fitstn off the power, then
select an appropriate location followed bysecuring connectionsdefore testing the system.
This progressive learning approachensures that useemticipate future steps reducing
errors. Such structure not only enhances usability but also teathedical planning, a
valuable problensolving skill.
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Steps:
1. Turn Off Power:
o Ensure the power supply to the area where you will install the ironing cabinet
is turned off.
2. Choose Location:
o Select a suitable location for the ironing cabinet, ensuring it is near a power
outlet and away from water sources.
3. Connect to Power:
o Plug the ironing cabinet into the nearest power outlet.

4. Initial Setup:
o Power On: Turn on the power supply to the ironing cabinet.
o Configure Settings: Use the display to set the desired temperature and ironing
mode.
5. Test Functionality:
o Hang a piece of clothing on a hanger, place it between the grooves, and start
the ironing process to ensure everything is working correctly.

Figure 3: Installation Guide(UserManualfor thelroning Cabinet)

To improve the setup instructions for the ironing cabinet, | recommend adding more specific
detailsandexampleghroughoutheprocessForexamplefor theinitial setup,| would suggest
turning on the power supply by pressing B@wer button. The display should light up and
show a welcome message, confirming the system is ready. Next, | would guide users to
configurethesettingson the display,suchasadjustingthetemperaturéo matchthefabrictype

(low heat for delicate fabrics like silk, medium heat for synthetic materials, and high heat for
thicker fabrics like cotton or linen).

One of the biggest challenges in writing technical documentation is striking the right balance
betweertechnicalaccuracyanduseraccessibility Thelroning CabinetManualdoesa goodjob
explainingthep r o d mechadisndyutthereareareasvheremoredetailcouldimproveuser
understanding. For example, the automated ironing grooves are a unique feature, yet their
functionalityis only briefly mentionedA morein-depthbreakdowrof the mechanicaprocess,
possiblysupportedy diagramswould helpusers gaira bettergraspof how the grooveswork
andhowtheyinteractwith differentfabrics.Additionally, thetroubleshootingectionprovides
usefulinformationon commonerrorsbutlacksanerrorcodechartor thoroughexplanation®f

why specific malfunctions occur. For instance, if clothes aren't ironing properly, the manual
advisesiserdo checkthepositioningandtemperatursettingsoutdoesn'explainhowdifferent

fabric types, such as delicate materials versus thicker ones, might respond differently to the
device. A more detailed troubleshooting guide, perhaps incorporating flowcharts or decision
trees, would not only provide clearer guidance but also minimize theatadrror process,
making the manual more accessible and-trsemdly for a wider range of users.

The Ironing Cabinet Manual demonstrates the impact of structured documentation on
enhancing the usability and effectiveness of technical wpte A weltorganized guide like

this is crucial in improving the quality of technical documentation, particularly in educational
settings where students learn to create clear and comprehensive texts.
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Key elements that contribute to its clarity includ&able of Contentsthat allows for quick
navigation astepby-stepguidepresentedh alogical order,andclearlymarkedwarnings and
Cautions to help users avoid safety risks. For example, the Safety Information section is
particularly weltstructured, listing important precautions such as avoiding installation near
water sources and ensuring proper electrical connections. This structured presentation
minimizes user confusion and enhances safety by ensuring critical information is easily
accessibleHowever, whilethe manual's structure is effective, it couldfoetherimproved by
addingsummarychecklistsatthe endof key sectionsThesesummariesyhich recapessential
stepsandtroubleshootingroceduresyouldreinforcekey pointsandprovideuserswith aquick
reference, further supporting them in effectively operating the device.

Oneof the key goalsof technicaldocumentationms to helpusersunderstanadomplextechnical

concepts in a clear and concise manner, and the Ironing Cabinet Manual achieves this
effectively. The manual uses short, clear instructions with imperative verbs, organizes content

into bullet points to enhance readability, and provides-lsyegtep instructions that eliminate
ambiguity. For example, th8afety Informatons ect i on uses direct st a;
i nstall near water or i n damp areas, 0 whic
unnecessary wording. While the manual excels in clarity, there are opportunities for further
improvements to enhance user experience. Addiastrations and diagrams to support

written instructions particularlyin the Installation andMaintenance sectionswould provide

visual guidance to users. Additionally, includiegamples of common troubleshooting

scenarios suchasfabric-specificironing recommendationsyould maketheinformationmore
relatableandapplicableto reatworld situations, furtheimprovingthe manual'practicalutility.

Thelroning CabinetManualis a well-structuredandeffectivedocumenthatdemonstratekey
principles of technical writing, problesolving, and communication. It highlights the
importance of logical sequencing, concise language, and clear formatting in technical
documentation. However, there is room for enhancement through expanded troubleshooting
guidance, additional visual aids, and summary checklists.

For students developing technical documentation, this manual serves as a strong example of
howto balancdechnicalprecisionwith useraccessibility It alsounderscorethechallenge®f
explainingcomplexmechanismefficiently, askill thatis crucialin bothproductdevelopment
andeducationatettings. Byrefining structureddocumentatioomethods studentcanimprove

their ability to convey technical information clearly, ultimately strengthening their preblem
solving and criticathinking skills in reaiworld applications.

5.2The Medieval Mini Trebuchet Kit

TheMedievalMini TrebucheKit is astudenicreatednventiondesignedo blendengineering,
history, and handen learning into an interactive experience. This project emerged from two
studentpassionataboutmechanicatiesignandmedievalwarfaretechnologyaimingto create
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an engaging way to explore physics principles like leverage, counterweights, and projectile
motion. Theirinventionoffersa practical applicatiomf the conceptgiscussedn my research

on studented invention projects and technical documentation. Although the trebuchet kit is
not an invention project from scratch, it effectivelysupportshesamedearningobjectivesas
thestudentledresearclstudy.It providesstructuredguidancevhile allowing roomfor creative
modifications, helping users develop both practical engineering skills and professional
technical writing competencies.

What makes this project even more exciting is that it was developsidgnts who not only

created the Mini Trebuchet kit but also formed their very own company, EcoPlay Creations.
Theteamwantedto combinetheir passiorfor sustainablg@racticesandinnovativeeducational
toys,leadingto thecreationof thisenvironmentallyfriendly kit. Thenamefi Ec o Bt agt i ons 0
waschoserto reflecttheir commitmento promotingcreativitythroughecofriendly, handson
learningexperiencesBy usingrecycledmaterialsandincorporatingeducationaprinciples,the
studentsimedto createa productthatencouragebothplayandlearningin aresponsiblavay.

Figure4: i E c o EIr & w tloga(ThéMedievalMini TrebucheKit i Usermanual)

Through the process of designing and documenting the kit, the students developed critical
thinking, problemsolving, and technical communication skills. This documentation serves as
bothanassemblyguideandaneducationatesourcegncouragingiserso experimentmodify,

and improve their trebuchet designs while learning about historical siege engines.

The structured format of this guide ensures clarity and ease of use, making it accessible to
beginners while offering room for more advanced experimentation. By following the steps
outlined,userswill gainhandson experiencen mechanicatonstructiontroubleshootingand
scientificanalysisyeinforcingthevalueof learningthroughinventionanddocumentationT his

kit encourages creativity, answering the research question on how invention promotes needed
skills. Studentsengagewvith thetechnicaldocumentation a handson mannerapplyingclear,
structured instructions that reflect the findings in my study. For example, the kit's "Assembly
instructions"alignwith thestructureddocumentatioguidesby ProProfsKnowledgeBaseused

in the study, helping students create comprehensive technicalupsite

The process of inventing and documenting a project like the Mini Trebuchet significantly
fosters botlrritical thinkingandcreativity. Students begin by brainstorming and ideating the
best wayto assemble and operate the trebuchet, which encourages tttenk teritically and
tackle various challengesthrough problemsolving. They engagewith key principles of
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mechanical engineering, such as leverage, counterweights, and projectile motiowhathof
are tested and refined throughout the prototyping phase.

For example, the counterweight system in the trebuchet provides an excellent opportunity for
users to experiment with different weights and observe how the launch distance is affected.
This requires students to critically analyze how even small changes in the design impact the
trebuchet's performance, encouraging iterative thinking and decsa&mg. Similarly, the

sling release mechanism presents another challenge where students may need to troubleshoot
and devise creative solutions to ensure smooth operation. If the projectile fails to launch as
expected, students might explore adjustments to the sling length or experiment with
repositioning the counterweight.

To further enhance the creative problsatving process, the documentation could include
examples of various design iterations, such as experimenting with different counterweights or
adjustingthe sizeof the main armenabling users to visualizeow small design modifications
caninfluencefunctionality. Additionally, addingsectionsn themanualthatencouragstudents

to reflect on the changes they make during the building process, as well as documenting the
results, would foster deeper critical thinking.

As part of their documentation, students included pictures of their assembly proceby; step
step, alongside the written instructions. This visual documentation not only reinforces their
understanding of the steps but also improves their ability to clearly communicate technical
information. Integratinghis visual approach with written instructions allows students to more
effectively convey technical processes and provides a faneagy for others to learn from
their experience.

1. Assemble foundation using foundation and connecting parts.

P ﬁD& T
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‘ v N — 4. Connect the main arm with supporting beams.
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Figure 5: Assemblynstructions(TheMedievalMini TrebucheKit i Usermanual)
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Throughouthe assemblyandoperationphase®f the Mini TrebuchekKit, students werékely

to encounter a variety of technical challenges and time management issues. These challenges
can arise from difficulties in alignment, the release mechanism, and structural stability.
Additionally, time constraints can impact the thoroughness of documentation and testing.

For example, if the projectile does not launch as expected, users are guided in the
troubleshooting section to check the alignment of the sling and firing pin. This process may
require careful attention to detail, and failure to address the issue systematically could lead to
frustration.

6. Troubleshooting:
« Projectile not launching:
o Check if the sling or firing pin is properly secured and aligned.

o Ensure the release mechanism is functioning smoothly without
obstructions.

o Verify that the counterweight is sufficient to generate the required force.

Figure 6: TroubleshootingTheMedievalMini TrebucheKit i Usermanual)

Similarly, when facing a low launch distance, users may need to adjust the counterweight or
sling length. This adjustment process can take time, especially for those unfamiliar with how
these variables affect the trebuchetds perfo

Furthermore, the manual could identify common problems that users may face and provide
moreexample®f potentialsolutions Stepby-stepexplanation®f whatmightgowrongduring
assembly and how to fix it would help users anticipate issues in advance, resolve problems
more efficiently, and ensure smoother progress. This would reduce frustration and enable
students to proceed with their work more confidently.

Thestructureddocumentatiof theMini TrebucheKit playsacrucialrole in helpingstudents
produce clear, concise, and professional technical documents. The manual's organized layout,
featuring stegby-step instructions (including illustrations), safety information, and
troubleshootinguidanceis designedo assisstudentsn documentingheirproces®ffectively

and convey technical information with clarity. For example, the-lsyeftep assembly guide
utilizesbulletpointsandimperativelanguagesuchas"Lower themainarmandsecurat to the

firing pin,” which enhances clarity. Additionally, safetsarnings, like "Keep hands out of the
swinging armdés path,"” are prominently featu
troubleshooting section also provides actionable steps for resolving issues, such as adjusting
theslinglengthor ensuringpartalignment.Moreover,visualaidsat eachassemblystepclarify
instructionssuchasdemonstratingpowtofill thecounterweighbin or assembléhesupporting

beams.
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Figure 7: Assemblynstruction(TheMedievalMini TrebucheKit i Usermanual)

This manualguideeffectivelybalance®ducationproblemsolving,andcreativity, makingit a

strong example of structured technical writing. One of its greatest strengths is its ability to
encourage critical thinking by guiding users through troubleshooting and analysis.
Additionally, it fosterscreativity,allowing for customizatiorandexperimentationmakingthe
learningprocessnoreengagingThestructuredormatenhanceslarity, ensuringhattechnical
content remains accessible, and the engaging tone simplifies complex instructions, making
them easier to follow.

With illustrationsalreadyaddednto the assemblysection the manualguideprovidesvaluable

visual support for users. However, further refinements could enhance its usability. Formatting
thetroubleshootingectionasatablewould enablequickerissueresolution therebyimproving
accessibility. Additionally, including a "Common Mistakes" section would help users avoid
frequent errors, making the document even more fusedly.

5.3Analysisof mores t u d enanuad ghides

I havebroughtmoremanualswritten by studentsyhich | analyzedandcomparedaccordingo

my research questions. This comparison focuses on how these manuals support my research
questions on technical comprehension, probdéefming, and communication skills. By
examiningtheir structure clarity, andeffectiveness, havehighlightedkey differencesandbest
practicesn technicaldocumentatiorDigital OLED Micrometer Manual, VRFC (Virtual Reality

Flight Control) Manual, WinchWizard Block Manual, SmartLED User Manual, and Sanding

Prism User Manual.

Regarding the first research question (How does the process of inventing and documenting
promote critical thinking and creativity?) tiegital OLED Micrometer Manual focuses on
precisionandstrictadherencéo instructions gnsuringaccurateneasurementsut leavinglittle

roomfor creativeexplorationin contrasttheVRFC Manual encouragesngineeringroblen:

solving by allowing users to customize parts, modify resistance mechanisms, and improve
performance.This makesit particularly useful for handson innovation and iteration. The
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WinchWizard Block Manual promotes mechanical problesolving with an emphasis on
safety,ensuringusersunderstangbroperloadlimits andmechanicahssemblyMeanwhile the
SmartLED User Manual fosters creativity in lighting design by offering customization
options through an app, enabling users to create personalized lighting modes. Finally, the
Sanding Prism Manual provides a structured approach to woodworking efficiency,
emphasizing correct sanding techniques rather than innovation.

During the process of documenting the manual, students encountered the following problems:
Users of theDigital OLED Micrometer Manual may struggle with calibration, unit
conversion, and troubleshooting due to a lack of visual aids.VRtC Manual presents
challengeselatedto mechanicaaissemblymateriallimitations,andresistancéuning,requiring

usergo work with externalpartslike bearingsandsprings.TheWinchWizard Block Manual

demands an understanding of mechanical load limits and pulley mechanics, which may be
difficult for beginnersTheSmartLED User Manual introducesonnectivityissuesrequiring

usergo troubleshooWi-Fi settingsandfirmware updatesThe Sanding Prism Manual poses
challenges related to proper sanding techniques and pressure control, as excessive force could
damage the tool or material.

To answemy third researchguestion:6 H odeesfollowing a structureddocumentatiomguide
impactthe quality of thetechnicalwrite-u p @hdghly structuredormat,suchastheonein the

Digital OLED Micrometer Manual , ensures accurate measurements and data recording,
improving technical documentation skills. TMRFC Manual, with its modular design
approach, enhances engineering documentation, particularly in mechanical assembly and
material considerations. Thé&/inchWizard Block Manual provides detailed safety and
assembly instructions, making it an excellent reference for structured mechanical
documentation. Th&martLED User Manual is well-organized, covering safety warnings,
troubleshooting steps, and technical specifications, which enhances comprehension of smart
home technology documentation. TBanding Prism Manual follows a clear and practical
structure, reinforcing correct tool handling techniques.

These manuals provide insight into what improvements in technical communication skills can
be observed pogitroject, highlighting how different types of documentation enhance various
aspects of technical writing and user guidance. For example, users Dfgitd OLED
Micrometer Manual developstrongtechnicareadingandinterpretatiorskills buthavelimited
opportunities for documentation practice. TMBRFC Manual fosters the development of
mechanicatlesigndocumentationincluding CAD drawings partspecificationsandassembly
instructions. TheWinchWizard Block Manual strengthens structured technical writing,
especially in safety compliance and engineering communication. ShhartLED User
Manual improves troubleshooting and smart device documentation skills, which are valuable
in homeautomatiorandloT applicationsThe Sanding Prism Manual helpsusersunderstand
processhased documentation and proper safety protocols in woodworking.

95



cellSTU
Conferenceproceedings: eecee SiF

SLOVAK UNIVERSITY OF

Perspectivesf ForeignLanguagd eachindor ProfessionaCommunication TECHNOLOGY IN BRATISLAVA
FACULTY OF MECHANICAL
in Tertiary Education.

ENGINEERING

6 Conclusionand Discussion

This researcthighlightsthe significantrole of instructionmanualan enhancingbothtechnical

skills and creativity in students. By engaging in the process of inventing products and
documenting them through structured manuals, students not only improve their technical
writing abilities but also cultivate critical thinking and problewiving skills. The structured

approach to technical documentation, as used in the invention projects, has a direct impact on
the quality of the studentsé technical C ommil
Cabinet Manual, showcased the importance of clarity, precision, and logical organization in
effectively conveying technical information to users.

Despite the success of these methods, the study also reveals areas for improvement. The
challenges students face, such as maintaining technical accuracy while ensuring user
accessibility, areritical learningexperiences. The Ironin@abinet Manual, while effective in
manyaspectsgcanbefurtherrefinedby enhancingroubleshootingyuides,incorporatingvisual

aids, and offering more detailed stepstep instructions. These additions would further
improve the user experience and make the manual more accessible to a wider audience.

Moreover thestudydemonstratethevalueof structuredechnicaldocumentatiomsateaching

tool. It alignswith theprinciplesof guideddiscoverylearning,wherestudentdearnbestthrough

active participation and realorld application. The integration of these learning strategies
fosters deeper engagement and critical analysis, essential skills in both academic and
professional settings.

In future research, it would be beneficial to explore how different types of structured
documentation influence various user groups. Additionally, expanding the scope of these
projectsto includerealworld userfeedbackcould providevaluableinsights intotheimpactof
technicaimanualonactualproductusability.Overall,thisresearclunderscoretheimportance

of clear,structureddocumentatiomn botheducationabndpracticalcontextsandhighlightsits

role in developing critical skills that extend beyond the classroom.
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Prezentovaniev ESP: Stratégierozvoja kompetenciiv roznych odbornych

kontextoch.

Presentingin ESP: Strategiesfor DevelopingCompetenciesn

Various Professional Contexts.

ZuzanaMot egi c k §

Abstrakt

Pr2spevok sa venuje integr8cii prezentalnl cl
2l (IEYSP) ako nevyhnugtuaejend dlvatai ppro¥fgrsawynsg8l n
patr2 medzi kO% ov® kemn® meajplnasive(z8f hesp
vygaduj % prisptsobenie podOa odborn®ho zamer
m:tgu stretn%S s r!zny mdvedeckycmkoniérenci a ebhajobyt o v a n
projektovpo odborné&iskusiea pracovnéstretnutiap r i lietosituacieprebiehajljpr ez en| ne
aj online.

ZdtrazRuje sa % oha uliteOa nielen v jazyko

gt ud e oviddani strasu z verejného vystupovaBid. | e i t ou s Yelpesm@Bp u v I u

ng8cvi k, simul 8cie re8l nych situ8ci?2 a poskyt
osvoji$S si efekt2vne prezentaln® strat®gi e.
kombin8ci i S Nal g2 mi j emnT mi zrul nos Sami [

komunikéacie a spoluprace v odbornej praxi.

KOW| slov®pr ezent al mddermé g mu n i skuadiefe@néz r ul nost i

Abstract

The paper explores the integration of presentation skills into English for Specific Purposes
(ESP)teachingasanessentiapartof preparingstudentgor professionapractice Presentation

skills areakey soft skill with universalelementsyettheyrequireadaptatiorbasedn thefield

of study and communication context. Students may encounter various forms of presenting
from scientificconferenceandprojectdefenceso professionatliscussionandwork meetings,

taking place both kperson and online.
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The role of the teacher is emphasised not only in language preparation but also in building
studentsdé confidence and helping them manag
gradual practice, simulations of rddé situations, and constructive feedback, enabling
students to develop effective presentation strategies. A systematic approach to enhancing
presentatiorskills, combinedwith othersoft skills, contributego improvingtheir professional

communication and collaboration within their field.

Key words: presentatiorskills, professionatommunicatiorscenariossoft skills

1 Uvod

VT ulamay | iprepotrebygdbornekomunikaciey anglosaskejerminolégiinazyvanako

English for specific puproses (ESP), sa ven
odbornTch komunikalnTch situ8ci&8ch. Pre vyt
ci eOQov¥% skupinu sa sylabus a jeho obsahov§ |
odbornej skupiny. Syl abus kurzu nie je | en
nadradenl cieO, ku ktor®mu smeruje cell obs
cudz2ch jazykov na vysoklch gkol 8ch je znalr
aspekty predmetu na efekt2vne dosiahnutie z\
Hut chinson/ Water s, 1987) . Zrul nosS por ozumi
z8kladom viul by cudzieho jazyka pre potreby
takisto aj kompetencia vyjadrovaS odborn® n
jazyku, | ige medi 8cia odborn®ho obsahu rt!tzny

SchopnosS komuni kovaS hovorenim jazykom j e
kompetenci e, ktor8 je predpokladom pre spol L
v time predpokladés ¢ h o pvneodssS8& $ 0 z u ma pt reeCsnvea o Ir io z aa i akoS |

v rozhovoroch,tak v stvislom monologickom prejave (Lemke 2006, s. 155). Pr i pr avi S
a realvioOmva$Prejav pred publikom je preto zr
odbor e. Na dosiahnutie informat?2vnych inten
mo d e r diskusied r e d prispeeky®p r e g t u dnoateri@lodhzsteniachalebostave

rozpracovanostipridelenych Gloh. Persuazivneintencie st i @ § o d my s $pojané& On e
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~

S odbor nT mi pracovnl mi situ8ci ami (presve
obhajovanie vliastnich znalost 2, ngvrhov, ri
vzdel an2m sa v s %l as riegoskbmpetenciecapgvpnininélree @ @dnamw | 8 d n
cudzom jazyku, nakoOko firmy s¥% | asto sl a

kooperuj ¥ so zahranilnimi partner mi

2 Vymedzeniepojmu prezentacia

Monol ogi ck® prehovory pred publikom rtzneho
pojmom Aprezent§&8ciaf, ktor® sa plvodne poug
vysledkovprace,ziskanychinformacii, produktova pod.), nie Gtvaru.Jemo ¢ i @&avyraz
Aprezent 8§ciafn dostal do girgi emaglkdrtieayt uva pk
sf ®rvy, kde sa poug2va vo va&@lgom rozsahu, al
v 1 u leudz@ehdazykanahradilp o dnCeag ZistetipojemA p r e z epdvodnepioaufiy 2 v an 1
term2n Arefer8tid na oznalenie momemy egpisa kl ch
oba pojmy poug2van® bez jasn®ho rozl2geni a.
pomenovani a, al e aj O zmenu Vv obsahu a form
vymedzeninmakoreferat ktory je presnedefinovanymitvaromn § u | g ® hFéitzsch(2006,

s.14)v y s v enapOkiappeezentaciakoprepojenigorednesuémys jehovizualizaciou Pod
prezental nl mi techni kami ng8sl edne rozumie r!t
Il ch dopl neni e podpornl mi Vi zu8l ny mi prostri
informaciiaich| e pzgaepja m2 t dche iOe @5 div @redpublikomv o Ospeo,u g i t 2 m

adekvatnej neverbalnej komunikacie a multimedialnych prostriedkov.

2.1Pedagogickyzamer pri prezentovaniv ESP

V ESP je prezent8cia odbornich t®m a stanov

~

samo¥l el nl n8cvik prezentalnlch techn?k, al
i ntegrovan8 do n8plne seminS8ru. Vyul uj Yci Z
temati kou alebo stanovia pogiadavky |l en r §]

realizaciug t u d e Bruhg postupp o v a § wa vehreed nreg kjc<erajegt udent ov
k val] gej spoluzodpovednosti a stimuluje aut

dtvodov, prelo zalleniS prezent8cie intenz?2v
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U JednTm z nich je vytvorenie pr2legitosti,
a tIim vznikla platforma pre vz8§jomn¥% vim
Pritomvzdelavajicimisaniestleng t u dademju i1 j Y le ©lcbdaiehgazykapre
potrebyodbornekomunikacieu mo § R j§ giazakovinychpredmetocta k t i vov a S
partnerskypristupv interakciimedziv y u | u ag“dcu dnmevVrnytunhiygodbormikom
najazykové aspekty o muni k8ci e, al e gtudenti s¥% (buc

U Akoinyd ! | edgvodviflimevkomplexnostiejtotlohy.Gt u dsémiteriipr acov a S
samostatne a tvorivo v cudzom jazyku aj |
vediekv y h O a d Selektavaniuspracovaniwa interpretaciinformacii. Okremtoho
je pripravanaprezentaciwj stimulomkd * s | e ¢gracesgrgneajickymig t r u k t Yar a mi

za¥| e Isprawnehayjadreniag e | a ob@huslebokv y h O a d rbvedborne;

slovnej z8soby. I ch akt2vnym pougit2m sa
U Za nezanedbateOnl dtvod povagujeme aj sné
pred publikomGt udenti sa musia zamyslieS nad t

prezentovaS zauj2mavou a hlavne zrozumi:t
natenip r a ¢ oavasp8ktochtimovej prace.V neposlednontadem? gsek 4s eno s S
sprezentovanimpredpublikomz v T spha$edomiag t u d enmatpoormpfiaSI g o m

prezentovan2 zmierni S tr®mu.

Prezent §ci e mingpur ebjyt u dporveapno’4 eond@cptr ind/e n ti it ep rad Z/a

odborn® zistenia spolu s ich sumari z8ciou a
vysledkowvlastnychskimaniodbornejtematikyalebovysledkovtvorivejl i n nZastavame
ng8zor, @ge pri formul 8ci i predmetu resp. okru

zretelisnahuabytietok o r e g p cspredpokladaniymiealinymik o mu n i k sitdagiamimi
v danom odbor e ( nigpmzentaciajgho prebstavt sh e#rSe mitevn& ur | i
alebo simulovali wurlitl re8l nnyi prézénthcialmal r §n

pracovnom mitingu).

Pr2prava a realiz8cia prezent8cie v cudzom
samostatnefognitivneji tvorivej pracepriv y h O a dn@teridlov3pracovaniémy,pripravy

heslovitého konceptu, podkladov pre publikum, podpornychv i z u a | i matetialod c h

[ samot nej reali z8ci e prehovoru pred publ i ko
Weinschenk 1995, s. 121):
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p o | Yavsazapgamatdme0%,

0
0 pozeraninB0%,
0 pozeranimap o | Yav50%,2 m
0 pozeranimp o | Yavaviastngmspracovanin®0%,
tak je pr2prava a realiz8cia prezent8cie veO

vygaduj Yaca apli k8ciu rtznych strat®gi 2 a kom

2.1.1Typolégiap r e z e n tzadaniprecdzne odbory

Konferencie sl ¥%jia ako platforma na vImenu
prezentaciwysledkova odbornidiskusiu.To zohravak O ¥4| tlokiud:Yas p e kpmumikacii

a spolupr 8ci v akademickej aj profesions8l ne

odbornyprispevokzakladnowkompetenciouktoribysimalio s v @ t u fkeanjtdogidora.

Typologiap r e z e n sitadciisdv ¢ B Rvgavislostiodd p e dadroivigchodborov,ako
stcharakteprezentovanychat,c i e GlupindaformatprezentacieTator o z ma Rladieo s S

na pedag-gov ESP vizvu prisptsobiS viulbu pr
jednotlivich odborov. PokW¥Wsime sa to ilustro

1 + 2R02NB OKSYAlI 2S5 @OSRSO1t LINBIT Syidt OAl  &LINT C
19 yGAllr iNOYy&eOK RI G 12 &4¢g @eatSR1& SELSNRY
dorazsakladienaLINB O Nyjadravariita L2 dzO NodhonyiykHerminov.Priprezentaciach
28 ySgpeKydziyS 2a0d22SyAS &aArA I Ndzyz2aildN 2FaySK2
Yyl T+H1ftFRS SELISNAYSyi(ttyeOK Rs1+FHT 200 ¢&LMAO] e
konferenciach, posterové prezentacie a skupinové diskusie.

T t NBT Syidt OAS @ 26t aGA +FNOKAGSLTGGNE | RAT I a2yd
musiad S Refeftiuned & dzOynafiEkétaterialy,akostvykresyyizualizacié prototypy, na
L2 RLI2NYz a@22K2 @élftlRdzp h{i{NBY 2R02NYyéeOK (SN
NRT LIN} U LINNOSK o0yl NNFGADBS | LIWINRIFOKOX 1 342NE
LIN} OSd ¢eLaOléevYr LINBTSyidlsésyeyYAaA aAriddd OALF YA &g
LINBT Syt OAS yI geaidl ot OK tS62 $2N)] akKz2LR OK |

1 Vmedicinestprezentacigprimarne zamerané npraktickiaplikaciuteoretickychpoznatkov,

LINA62Y T KNzleag 26fladAs 12 ag RAFIy2adAiall =
a0K2LIWYN 2FayS I TNRITdzyAdSuUyS 12YdzyAaA120F0 12Y
laikom,vratanepacientovaO A N&beghasti.OsvojeniesiefektivnychLINE T Sy i Ndizp @ @ & G N
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je nevyhnutné nielen pri akademickych a klinickych diskusiach, ale aj pri populariz&cii
YSRAONyal1S2 OSRed bl @SRSO1e0K 12yFSNByOAt OK
LINBay2aU0s ylFaYN LINR LINBT Syidt OAt OK 1ftAyAO] éeoK

vyskumu.

V. kontexte vIiulby ESP je nevyhnutn® refl ekt
gpecipadgikatha ek e n tsituficii docsylabu predmetu. Rel evantmos Sou

~

a zadan? sa zvyguje motivs8§ciu v procese vilul
3 Rozvojjemnychz r u| mpromsrt € z e n tréninguo m

Rozvoj m2kkTch zrulnost2 (soft skills), pre
akademi ck®ho vzdel 8vania. Tieto zrulnosti, z
spolupracakreativita,empatisama n a § Ima sk ,0 Y| peeef@ktivner i e pobiémev
a spolupr8cu v modernom pracovnom prostred?
vedomostihardskills) sinevyhnutérezvladanieprofesie alenonkognitivheschopnost{soft

skills) maj¥% viraznl vplyv na cel kov¥ efekt:i

Kov §| (2024) zd'razRuje, ge jemn® zrulnost.
rozvao,j je tr®ning. Preto odpor %% a na ich po

(projectbasedearning)alebopodobnénetddyakoproblémovaorientované& y u | oapadn i e

Pracas prezentaciamponukaidealnu platformu na integrovanyrozvoj jemnychz r ul nost 2
akompl exnl ch k o meeja kognitivne, analptické, kreatjvak o muni kal n ®
schopnosti s praktickymi aspektmi profesionalneho vystupovania ako formy mediacie.
Uvedieme priklady:

Kritické myslenie

Pr2prava a realiz8cia prezent8ci?2 wvygaduj e
spoOahlivosS a relevantnosS a vytvsgraS logi
pom8§ha gtudentom identifikovaS jadro probl ®n
gtrukt %rovanl prejav, ktorT presvedl|?2 publik

Timovéapraca
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Pr§ca na skupinovich prezent&8ci 88§ch podporuj
efektivnek o o r d itimovéakiinvdty. U| ¢t u d e 0 iz d e WbbyyvaySu ¢ Silnéstranky
jednotlivcov a hOadaS konsenzus. TIimto spt's

efektivnu pracu v multidisciplinarnych a medzinarodnych timoch.

Brainstorminga generovanieapadov

Pri pripraveprezentacije brainstorming/z| i n magtrojomnapodporukreativnehanyslenia
avytvaranieinovativnychr i e § ¢ m 3§ tt ri lek t Y4echnikakodumyn g | i enagy,o v ®
pom8§ha gtudentom rozv2jaS schopnosS systemat

Manadgmast

Pr8ca s prezent8ci ami vygaduje efekt2zvne ri.
prior2t a dodrgiavanie term2nov. Gtudenti seé
svojho vyst¥Ypenia tak, aby efekt2vne vyugil.
prostred2, kde s¥% |asov® |imity |Jastim obmed
Kreativita

Tvor ba vizu8l nych podkl adov a prezentovani
originalnychspdsobovakoz a u gulliim.Kreativitasaprejavujevo vizualnejkomunikacii,

v navrhovanputavychgrafickychprvkov av spésobochktorymi§g t u ddeorkt@ig e dnodu gi S
a spr2stupni S komplexn® t®my.

Empatiaa prisposobeni@ubliku

Ef ekt2vna prezent8cia si vygaduje pochopeni e
gt ud ermti smdbsabjaryks] t grezentacieak,abybolz r o z u mepdtaaydento

pr2stup zlepguje ich schopnosS vytvsgraS pozi

Cielengpracasjemnymiz r u | n oo ESPakouvadzaG ¥41 o (262%),6 mo § Rimylaeiu
situécii,v ktorychg t u dr ei neggpi eac ivyskumné®r g a n ipakditkéda® p muni kal n®
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“%wW ohy. Autorka uvg§dza, ¢ge vihodou vo viulbe

presne nastaviS na oblasS ¢gt%dia, a tIim sa z

4 Systematickynacvikp r e z e n ttexhnik & ncediacie

Hovoreniev cudzomjazykupredpublikompatrimedzin aj n 8 r k b ma p gzrad InM®o st i ,
a to najm2d v kontexte odbornich t®m. T8to Kkc
prezent8ciu zlogitlch konceptov, przpravu Vv
never b8l nej komuni k8ciesi Preegobudeunltonesii &€

pr2stupnom a podporuj ¥%com prostred2 s ohOado

U bl NP &psegidtddieodbornychtém

Efekt2vna prezent8cia odbornlTch t®m si VY (e
gtrukt %ru obsahu a vhodn® vizu8lne podkl ady
podporuj Y« porozumeni e. Okrem verbs8l nej k o mun

komuni k8§cia, ktor8 prispieva k udrganiu pozo

i Postupnytréningako] UKiu8pechu

Osvojenie S i prezentalnlch zrul nost ? % cud
systematickl a empatickl pr2stup. Tr®ning b
potrebn¥%s sebad!veru a dokS8zali si krok za kr

1. Malé ulohy p o | semestra

Viulba mtge zalaS s jednoduchTmi prezent a
umognia postupne si zvykn%S na vystupovan
prezentacimakonkrétneémy,s t r wyisvet®niegrafualeboopisexperimentu.

2. Komplexnyp r e z e ntréréng n T

Nesk!r sa gtudent. mtgu zapoji S do kompl e
kombinaciuviacerychz r u | mprépsavtudbsahuyizualnychpodkladova zvliadnutie
di skusie. Pri taklchto % oh8ch je vhodn®

ako je gtrukt¥Y%ra prezent&8cie, jasnosS vIk
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3. Diskusiaa spatnavazba

Kagd8 prezent8cia by mala byS spojeng§ s d
vikonu. Poskytnutie kongtrukt2vnej sp2tne
zl epgovanie. Feedback by mal byS zameranl
identifikaciuoblastinaz | e p @ & n ik @ o Giejarkritika, alevzajomnéu | e sai e

v podporujucej atmosfére.

V inovovanomSERR(2022)bol zavedenydklonodt r a d iglt nylzcoha h anarsadeny
gt yr mi sp!sobmi komuni k8ci e, ktor T mi S Ya: r
Mediaciu SERR v y s v e takbu kombinaciu recepcie, produkcie a interakcie.

Vk o muni ksituagidthc & snejdelen o oznameniénformacii,aleotzv.Al anguiagi n g fi

arti kulovanie myglienky alebo vytv8ranie poc
aspekt je veOmi dtlegitim v ESP, odborn2ci s
podrobn® odborn® inform8cie a kontexty tak,

odborov, porozumeli a nedochadzalo k nedorozumeniam alebo blokécii spolupréce.
Prezentovanie ESP,| U & mini tlohachalebok o mp | e xpneeeptgcfacptedpublikom

s¥% vhodnim splsobom senzibiliz8cie gtudentov

4.1 Ulohau | i tvtoiBta procese

Dspegn® osvojenie prezentalnlch techn?zk S i
teoretick pr2pravu, praktickl tr®ning a re
ment or , ktorl podporuje gtudentov Vv rozvoji
pri ko mOaidniamykoelvsr o \odb®i,individualinepotreby.Jehalilohaz a h meRea
sprostredkovanie teoreticklch poznatkov a pr
situaciachaleaj rozvojsebaddverg t u d ainhtpripravenosty y s t u reairdzadsodym

publikom.

U Uvodnyteoretickyinput

Ul i E®P@oskytuje teoreticky zaklad a priestor na diskusiu, ktoré zdérazniavyznam

a uplatnenie prezentalnlch zrulnost?2 v dano
prezentaciegfektivnev y u {azykda@zualnychmateridlovZ § r ouvpeoRz o maf@adiple

medzi pisanym a hovorenym prejavom, typické chyby a stratégie na ich eliminaciu.

U PovzbudzovaniamotivovanieO i dzZRSy (i 2 @

106



cellSTU
Conferenceproceedings: eecee SiF

SLOVAK UNIVERSITY OF
L

Perspectivesf ForeignLanguagd eachindor ProfessionaCommunication ~ 1ecuno LOGY IN BRATISLAVA
FACULTY OF MECHANICAL
in Tertiary Education.

ENGINEERING

Prezentovanie v cudzom jazyku je | asto stre
sebadtvere. UliteO zohrg8va kO% ov¥% Y% ohu v
vn2man2 chlb ako s¥%l ast:i ul eni a.

U Simulaciaealistickyclsituacii

Efektivnytréningp r e z e n £ a b h h a b fRukciurealnychprofesionalnyclsituacii,
ako s konferencie, obhajoby projektov | t
praxe zvyguje autenticitu a motiv8ciu gtuden

U Poskytovaniespatnejvazby

Kongtrukt2vna sp2tn§8 vazba je kOW ov§ pre r
jazykové obsahovéneverbalnespekty poskytujepodnetynaz | e p gpodporgediskusiu
o silnychaslabychstrankach. Zapojeniestatnychy t u d elotdhto procesuozvijakritické
myslenie a schopnosS poskytovaS spatn¥% vazbu

U Prisp6sobeni@ristupuv jazykovanehomogénnyclkskupinach

V jazykovonehomogénnychkupinachieje optimalnem e nzadaniealejed * | epidtp® r i S
gtudentov s niggou jazykovou Y ovRou pr.i zv
zachova odborny charakter prezentacie. Efektivhou stratégiou je tvorba skupinovych
prezent8ci 2, kde si gtudent. i rozdel i a %l oh

vyug2vanie jazykovich gabl - n.

4.2 Porovhanieo | a k S8az&rnv2e r ezhodr®termamigt udent mi

Dobre sa n8&m osved|lilo vyugiS a zaliatku s
verbalnychvypovedi ktorejpodstatoye z i sakéodpovederodukujuO u dstepskupinyna
suborpodnetovycthslov. Popisomtejto vyskumnejmetodysazaoberanaprikladGavora(1996,

s. 1181 19) . Met -da vych8dza z poznat ku, ge nap
odpoveN |l oveka na verb8lny podnet, produku
mo § p o v a (zatypaksé pretito skupinu.Gavorauvadzag) & N atejtametodesaz a | a |l i
chg8paS asoci §cie nie ako met-da zisSovani a

spracovaneij sk¥%senosti. Prg§ommps. neAN&joSaé
prezentovan?2 sa mi zdg§8...fA), z2skame jednak
ale taktieg z8klad na diskusiu a input k pre

107



cellSTU
Conferenceproceedings: eeee SiF

SLOVAK UNIVERSITY OF

Perspectivesf ForeignLanguagd eachingor ProfessionaCommunication TECHNOLOGY IN BRATISLAVA
FACULTY OF MECHANICAL
in Tertiary Education.

ENGINEERING

Systematickopracounarozvojip r € z e n £ B b h Airtemziviymidiskusiamiapodporu
zostranypedagogaiep ot e g @ @ #4¢ dedvdchsemestrocirnimajavyraznez | epgeni e
prezentalnlch zrulnosti, aj rozvoj jemnenl ch

na predmete Anglickl jazyk pre vgeobecn® | ek

Obrazokl: sumarizaciedpovedi dotaznik LF UK

V ¢om cititle, Ze ste sa najviac zlepsili? (MéZete zadat’ viac moZnosti)

@® hovorenie 1 [ ———

@ ditanie s porozumenim 12 T

@® odborna slovna zasoba 23 e e |
@ gramatika v kontexte 4 |¢—

@ soft skills 6 e

@® prezentovanie 17 )

@ vyjadrenie nazoru 5 E—

® nic 0

o
(9,

10 15 20
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Obrazok2: sumarizaci@dpovediz dotaznikLF UK

V ktorych softs skills citite najvyraznejsie zlepsenie? (MdZete zadat  viac moznosti)

4%

10%
@ prezentovanie 19 -
@ brainstorming 6 40%
@® timova praca 16
@ samostatna praca 5 33%
@

time management 2 '

13%

5 Zaver
Il ntegrovanl tr®ning prezentalnlTch zrulnost:
pripravenychpr esne pre dan%% profesijn% skupinu, S

umogRuje gtudentom prekonaS stres z vystupo
Zzrul nost. potrebn® pre medi 8§ciu odbornlch tG@
kt orT kombinuje praktick® % ohy, spatn¥s vazik
dok&8gu efekt2vne pripravi S na vizvy akademic
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The accuracyof flow measurementbasedon water

- glycol concentration effect

Jaroslav Foltynek, JaroslavS y n $liroslava Benkova

Abstract

This paper presents a comparison of the measurement errors of different measurement
principle of flow meters (water meters), which are used in thermal energy measurement,
specifically for measuring cold energy. The study involves sijgle multijet,
electromagnetic, and ultrasonic flow meter. Experimental measurements were performed at
waterglycol mixtures with varying concentrationsi f%), aiming to analyse the accuracy
and reliability of the different flow meter types under variable fluid density conditions.
Reference measurements were performed by mass flow meter, which allows precise
determination of the mass flow rate. Based on the measured values and densities, the glycol
mixtures, and the volumetric flow rates were evaluated.

The measured results reveal significant differences in the measurement errors of the
various flow meter types, influenced by both the physical properties of the mixture and the
specifications of the measurement principle. The discussion focuses on recommendations of
selecting an appropriate flow meter and its parameterization of specific application and
compositiorof themeasurednedium.This studycontributedo adeepeunderstandingf flow
measurement challenges in cooling systems and highlights the importance of proper
parameterization, setup, and calibration of the entire cooling circuit.

Keywords: flow meter, cooling, water-glycol mixture, flow measurement

1 Introduction

The aim of the experiment described in this paper was to analyse the effect of glycol
concentration in water on the accuracy at flow measurement, based on Czech Metrology
Institute technical research project TR No. 23E601501.

Following actionsarerequired:

- selectionof thetestingdevice,

- selectionof referencaneasuringnstrumentandappropriataypesof flow sensorgor
testing,

- determinatiorof necessarparametersor theindividual glycol-watermixtures
(especially density),

- evaluationof measuremenesults,includinggraphicalepresentatioanddrawing
conclusions.
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The content and approach of the experiment solving were generally based on the
requirements fothe current functionalities of the thermal enenggters (in follows TEM) for
heating and cooling applicationEhese TEM are in accordance with Directive 2014/32/EU
(MID), Annex MI-004 [1], the current version of the standard EN 12622 [2], and the
WELMEC Guidel3.1documen{3]. Specifically,this concerngheuseof TEM for measuring
thermal energy in cooling systems, where, in addition to water as a heat transfer fluid, the
aforementionedanti-freeze)mixturesof waterandglycol arealsoused.Theissuels relatedto
implementation in the Czech (OOP) [4] and European metrological documentation.

The solution of the experiment was primarily focused on the using of TEM for measuring
thermal energy in cooling systems, where, in addition to water as a heat transfer fluid, other
(antifreeze) mixtures (primarily the appropriate concentrations of glycol in water) are used,
particularly for applications in air conditioning systems.

Forflow sensor”sneasuringrinciplesusingfor thermalenergymeasurementyerechoserfor
practicalexperimentThis experimentvasfocusedon the glycol-waterconcentratioreffecton
theerrormeasuremerdf asinglejet, dry dial flow meter(watermeter) multi-jet, wetdial flow

meter (water meter), ultrasonic flow meter (water meter) and electromagnetic flow meter.
(Note. This principle is not often used for measuring heating and cooling yet).

Theissueof coolingmeasuremens relatedto theapplicationof antifreezemixtures,which
were based on water and the corresponding mass concentrations of glycols, to precisely
determine the thermodynamic parameters of these mixtures (esp. thermal capacity, density,
freezing point) and, furthermore, the impact on flow measurement accuracy when using these
mixtures is necessary.

2 Subjectsof research

2.1 Selectionof usedantifreezeliquid for experimentand weight concentration

After considering the ecological aspect, monopropylene glycol (hereafter referred to as
glycol) was chosen for the experiment. Supplier specification of used glycol: density: 1,036
g/len?; CAS: 57-55-6, ES: 200-338-0; M = 76,09g/mol; freezing point= -60 °C; boiling point
= 187 °C; Contents of MPG: min 99,5 %. This liquid is also used as a humectant in medicine
and food industry, as a cooling medium in liquid cooling systems, for defrosting heat
exchangers and defrosting of airplanes. [5]

For the experiment, the glycol concentrations in water were chosen as follows: (0, 10, 30,
50) wt. %, which were corresponding to freezing points 0f30,14,-34) °C.

2.2 Selectionof usedmeters
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Forexperimentverechosertheflow sensomeasuringrinciplesandconstructiortypes,which
were typically used for heating and cooling application at thermal energy measurements.

Selectedlow metersfor experiment:

- Singlejet, dry dial flow meter (water metery manufacturer: Enbra, type: EEBAX, ser. No.:
25219192; nominal diameter: DN15; nominal flow rate:=Q2,5 ni/h; ratio. R80H; body
length: L =110 mm.

- Multi-jet, wet dial flow meter (water meter§, manufacturer: Sensus, type: 420PC, ser. No.:
42012024224; nominal diameter: DN15; nominal flow rate=Q,5 ni/h; ratio: R160; body
length: L = 165 mm.

- Ultrasonicflow (water meter) ¢ manufacturer:ApatorPowogaztype: UL2.5Ultrimis,ser.No.:
8AMPA0180029670; nominal diameter: DN15; nominal flow rate @,5 ni/h; ratio: R800;
body length: L = 80 mm.

- Electromagnetic flow meter manufacturer: Krohne, type: Optiflux 5300, ser. No.:
14329; nominal diameter: DN40 (Note: This principle is not significantly used for
measuring heat and cooling.).

The expected measurement errors should not exceed the maximum permissible errors
accordingo theArticle 9.2.2.3of thestandardEN 14341:2022[2], for flow sensordy thermal
energy measurement.

2.3 Selectionof measuringmethod and referencemeter

For measurement was chosen stdp method with direct readirad mass totaliseof
reference Coriolis mass flow meter [6]. Subsequently, the real density of theglyatar
mixturefor thegivenglycol concentratioratrealmeasuredemperaturef theliquid duringthe
measuremenveredeterminedThedensityvalueswerecalibratedoy CMI physicalchemistry
department on samples of watgycol mixtures. The density calibrations were performed at
the same temperature ranges, which were measured during the experiment. For direct
comparison there were used the direct reading volume totalizer values of the individual flow
meter and these values were compared with calculated volume value from the flow measured
by the reference mass flow meter (with density calculation and interpolation).

Thereferencaneterselectedor experiment referencanasslow meteris manufacture
by Micro Motion, type:CMFO050(secondargtandard)7]. Testingflow ratepointswerechosen
based on technical possibilities of used testing facility, at nominal values: (500, 1000, 1500)
L/h. The measurements were dondilg repeatingof everypoint for repeatabilitcheck and
reduction of measurement uncertainty (A type). Temperature of water andglyatdr
mixtures were selected the same as the laboratory ambient temperature, apr@s) (Z0.
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2.4 Measuring facility selection

Dueto the potentialcontaminatiorof testingfacility by glycol andthetime-consuming
nature of the experiment a simple test bench previously used at the CMI faetontesting
of water meters (Point 7.11 of the standard EN 1SO 408017 [8]) and flow meters at the
selected flow rate and temperature was selected. The selected test bench allowed the
implementation of the abovmentioned starstop method with direct readings of the selected
typesanddimension®f referencanasslow meter resp.of testedlow metersSufficientlythe
measurement uncertainty is kept on the low level. All instruments (reference meter and test
bench sensors) which were used by the experiment dispose by valid calibration and
metrological traceability.

Picture1: Photoof hydrauliccircuit

‘!le ——
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Picture 2: Hydraulic scheme of hydraulic circuit
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2 CHOHE)
®
Pump
External cooling
P - pressure sensor 1 - electromagnetic flow meter
T - temperature sensor 2 - single-jet flow meter

3 - multi-jet flow meter
4 - ultrasonic flow meter
Et. - reference mass flow meter
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2.5 Measuredresults

The following chapters present the measured results for each of used flow meter
construction design. The presented values provided the average values of five repetitions,
followed by thedeterminatiorof theoverallexpandedneasuremenincertainty Subsequently,
agraphicalcomparisorof theidentified errorsof measurementaremadefor drinking water,a
mixture of water with 10 wt.% glycol, a mixture of water with 30 wt.% glycol, and a mixture

of water with 50 wt.% glycol.

2.5.1 Singlejet flow meter

Tablel: Singlejet flow meterresults

Water(0 % Glycol) Glycol 10% Glycol 30% Glycol 50%
Flow Uncertainty Uncertainty Uncertainty UncertaintyU
rate | Error U k=2 Error U k=2 Error U k=2 Error (K=2)
[m¥h] | [%] (%] (%] (%] [%] (%] (%] [%]
150 | -0.14 0.26 0.45 0.11 0.85 0.10 0.91 0.10
1.00 0.06 0.24 0.64 0.45 0.95 0.11 1.06 0.72
0.50 0.15 0.15 0.40 0.15 0.26 0.14 -0.77 0.15

SourceZ § v N rzpraval $015TRZ000123k tkoluTR| 23E601501

Picture 3: Graphicalpresentatiorof resultswith uncertaintyintervalsfor Singlejet flow meter
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2.5.2 Multi -jet flow meter
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Table2: Multi-jet flow meterresults
Water(0 % Glycol) Glycol 10% Glycol 30% Glycol 50%
Flow Uncertainty Uncertainty Uncertainty Uncertainty
rate | Error U k=2 Error U k=2 Error U k=2 Error U k=2
[m¥h] | [%] [%] (%] (%] (%] [%] [%] [%]
1.50 | 0.60 0.17 0.94 0.11 1.34 0.11 1.25 0.11
1.00 | 0.93 0.26 1.30 0.45 1.38 0.15 1.53 0.73
0.50 | 0.95 0.45 1.59 0.15 1.30 0.21 1.22 0.16

Error [%]

Error [%]

SourceZ § v N rzpraval $015TR-Z000123k UkoluTR| 23E601501

Picture5: Graphicalpresentatiorof resultswith uncertaintyintervalsfor Multi-jet flow meter
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Picture6: Graphicalcomparisorof Multi-jet flow metererror curves
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5.2.3 Ultrasonic flow meter

Table3: Ultrasonicflow meterresults

Water(0 % Glycol) Glycol 10% Glycol 30% Glycol 50%
Flow Uncertainty Uncertainty Uncertainty Uncertainty
rate Error U k=2 Error U k=2 Error U k=2 Error U k=2
[m¥h] | [%] [%] [%] (%] (%] (%] (%] (%]
1.50 1.76 0.19 -3.33 0.42 -8.66 0.21 -11.98 0.15
1.00 1.79 0.25 -3.53 0.46 -7.85 0.11 -11.16 0.72
0.50 1.24 0.13 -2.18 0.09 -5.99 0.10 -9.89 0.12

SourceZ § v D rzpraval $015TR-Z000123k UkoluTR| 23E601501

Picture7: Graphicalpresentatiorof resultswith uncertaintyintervalsfor Ultrasonicflow meter

119



secegTU

Conferenceproceedings: eeee SjF
Perspectivesf ForeignLanguagd eachindor ProfessionaCommunication TECHNOLOGY Tn BRATISLAVA
FACULTY OF MECHANICAL
in Tertiary Education. SRS
Water 10 wt. % monopropylene glycol
250
0.60 0.80 100 120 140 160
o — I 1.00
= 1 hd n
8 —
5150 / £ 150
= 3 o
* oo = & -2.00
1.00 a
2.50
0.50 200
3.W
0.00 -3.50 = — »/__,.-J-{
0.40 0.60 0.80 1.00 1.20 140 1.60 -4.00
Flow rate [m’/h] Flow rate [m’/h]
30 wt. % monopropylene glycol 50 wt. % monopropylene glycol
I;;u:a 0.60 0.80 1.00 1.20 1.40 1.60 0.60 0.80 00 1.20 1.40 1.60
3.00 - 4.00
§ e, ‘é 6.00
5 -5.00 =
6.00 ~ 8.00
7.00 -10.00
-8.00 b 3
= - 12.00
9.00
-10.00 -14.00
Flow rate [m*/h] Flow rate [m*/h]

SourceZ § v D rzprava $015TRZ000123k tkoluTRI 23E601501

Picture8: Graphicalcomparisorof Ultrasonicflow metererror curves
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5.2.4 Electromagneticflow meter
Table4: Electromagneti¢low meterresults
Water(0 % Glycol) Glycol 10% Glycol 30% Glycol 50 %
Flow UncertaintyU Uncertainty UncertaintyU Uncertainty
rate | Error (K=2) Error U k=2 Error (K=2) Error U k=2
[m%h] | [%] (%] [%] (%] [%] (%] (%] (%]
150 | 0.37 0.09 0.35 0.15 0.40 0.16 0.32 0.13
1.00 | 0.49 0.42 0.50 0.56 0.33 0.10 0.65 0.70
050 [ 0.71 0.12 0.53 0.36 0.57 0.14 0.26 0.14

SourceZ § v N rzpraval $015TR-Z000123k UkoluTR| 23E601501

Picture9: Graphicalpresentatiorof resultswith uncertaintyintervalsfor Electromagneti¢low meter
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Picture 10: Graphicalcomparisorof Electromagneti¢low metererror curves
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For the electromagnetic flow meter, it is essential to maintain sufficient electrical
conductivity of the liquid for proper operation. The conductivity of the liquid, based on the
corresponding glycol concentrations, was also measured for informational purposes and it is
shown in picture 11:

Picture 11: Theeffectof massamountof monopropylenglycolin wateron electricalconductivity
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3 Conclusion

Relatingmeasuredesultsof siglejet, multi-jet andelectromagnetiiow sensoKerrorsand
uncertainties are in approx. range 0.1 % up to 1,6 %) for selected flow rates andlycater
concentrations, the anticipated compliance with the maximum permissible error (MPE) limits
wasconfirmed,bothaccordingto the standarcEN 1434-1:2022for thermalenergymeters and
the standard EN ISO 40842017 for water meters.

The results indicate that with increasing concentration of glycol in mixture, the-ghgle
andmulti-jet flow metersshowa shift in the measuremergrrortowardspositivevalues.From
themeasuredesultsjt follows thattheelectromagnetilow meterexhibitstheleastsensitivity
to the influence of glycol concentration in the water. However, it is necessary to ensure a
guaranteed sufficient electrical conductivity of the measured liquid.

If we compare error curves of flow sensors (pictures above) for water, with results for all
waterglycol mixtures, a significant error limit is fulfilled (1 % declination).

Thedifferentsituationappeardy ultrasonicflow meter,mainly by concentratior80wt. %,
respectively 50 wt. % of glycols at water. Measuring errors are over the MPE limit (over 6 %
and up to 10%). With increasing concentration of glycol in water the ultrasonic flow meter
measureghe flowratemorelessasreal. Thisis a significantconclusionbecauséhe ultrasonic
flow meters make up the majority of meters used for measuring of the flowr@ateNdy This
finding should be confirmed by additional retesting and discussed with the manufacturer of
tested meter.

Thereasons caheasfollows:
- Differentspeedf soundfor waterand glycolmixtures.
- Differentviscosityfor waterandglycol mixtures.
- Differentflow profile for waterandglycol mixtures(Reynoldsnumbereffect).
- Themeter damagduringthe measurement.

- Testedultrasonicflow meterwas adjustedor watermeasuremeranly.

The measured results indicate that the glycol concentration in water have effect on the
measurement erraf the flowmeters. Therefore, faorrectmeasurement theeal parameters
of the used liquid are necessary to input into SW of the flow meter’s or energy calculator
electronic of TEM.
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Realisationof newprimary standard of gasflow

T o m ¥denta

Abstract

Thisresearclpaperdescribeshe procesof developinga newnationalstandardor gasflow in
theCzechRepublic. In theintroductorypart,theneedto ensureaccurategasflow measurement

in everyday life and future challenges of this measurement field, such as smart metering or
metering of hydrogen or biogas to be added to natural gas, are expldtnetiermore, the
definitionsof a primary standarcandof metrologicaltraceabilityarementioned.An important

part is the result of a literature study on primary standards found in different laboratories of
national metrology institutes around the worlthe principles of operation, schematics and
photographs of different types of primary standards and their usual range of flow rates and
pressures are presented, together with their advantages and disadvdntdgegollowing
section the specification and detailed description of the selected type of primary standard is
given.This primarystandards alreadyunderconstructiorin the CzechRepublicfollowing the
conclusionsf literaturestudy.In principle,it is aBell PistonProverwith aplannediow range

of 2L/hto 2m?h. Thisprimarygasflow standaravill beableto calibratesecondargtandards
suchasrotarydisplacementjasmeters sonicnozzleswet drumgasmetersandothergasflow

meters not only under atmospheric pressure but even under higher pressure.

Keywords: primarystandardmetrology,gasflow rate

1 Introduction

The gas flow measurement is one of the most important and widely used measurements of
delivered media next to the measurement of liquid flow and electricity. This is due to the fact
of frequentusageof naturalgasfor heating,cooking,in powerplantsfor electricitygeneration,
asaraw materialfor the chemicalindustryandasafuel for cars(CNG). Dueto themoreuser

friendly operationof gasappliancesanda cleanerenvironmentomparedo installationsusing

solid or liquid fossil fuels, a naturalgasdistributionpipelinenetworkcoveringmostpopulated
areasincludingindustrialcentreshasbeenbuilt in thepastin mostcountriesvheretheweather

is colderin winter. In the CzechRepublic,for example gasdistributioncompaniesiseabout

3.5 million household diaphragm gas meters for commercial purposes, i.e. measuring the
volume of natural gas.

It is well knownthatthemaincomponenbf naturalgasis methanelt is thereforeusednotonly
asanenergysourceputalsoasasourceof hydrogenfor exampleor theproductionof nitrogen
fertilisers or as a chemical raw material in the production of plastics and other commercially
important organic chemical substances.
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New challengefiaveemergedn thisfield underthe EU GreenDealinitiative [1] to putthe EU
onthepathto a greentransitionwith the ultimategoal of achievingclimateneutralityby 2050,
reducing carbon dioxide emissions and fossil fuel use, which can be ensured by

1 increasing the amount of hydrogen in distributed natural gas or by using hydrogen
powered cars, with hydrogen being produced from water by electricity obtained from
solaror wind powerplants.Forlong distancedistribution,the possibility of transporting
hydrogen in the form of ammonia (NH3) is being explored [2].

1 by building biogas plants using biological waste and using the biomethane produced
both to power cars or buses as CNG and in gas distribution networks;

1 the introduction of "smart" metering, i.e. the incorporation of electronic and
telecommunication devices into gas meters, which will allow consumers and
distribution companies to have information of actual consumption and costs, where it
can then be assumed that it is possible more quickly to change supplier with a lower
priceandthe psychologicaimpacton reducingone'sown consumptiorwhile knowing
the actual online consumption.

Besides natural gas many other gases and various mixtures are used in the chemical,
semiconductor, aerospace industry. For all these uses of gases, or even for emission
measurements, there is a need to ensure accurate measurement of their flow rate or delivered
quantities. It is this topic, i.e. the very accurate measurement of gas flow and especially the
building of asourceof metrologicakraceabilityatthehighestevel,thatwill bethemainsubject

of this project.

2 Primary standards

Primary standards are the source of metrological traceability in the respective field of
measurement and are often national standards. arieeysuallybased on a physical principle.
In the field of gas flow, they are most often derived from measurements of mass, length or
volume. Below is a summary of the most commonly used primary standards in gas flow.

2.1Equivalent Liquid Quantity Equipment (ELQE)

The basic design scheme of the ELQE, which serves as the national standard in the Czech
Republic, is shown irigure 1 on the following page. The principle of determining the gas
volumeonthisfacility is basednthe equalityof thevolumeof liquid thatis releasedrom the

tank and the volume of air that replaces the released liquid. [3]
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Figure 1 - Photographand schematidrawing of EquivalentLiquide QuantityEquipmentELQE) [3]

The basic part is a hermetically sealed wide cylindrical tank (1), which is placed on a steel
structureat aheight of4.5 m. Thistank is filledwith mineral oil. Abovethelevel oftheoil in

the tank is a pipe to which the gas meter under test (6) is connected outside the tank and on
which a side valve (7) is located. Down at the lowest point of the conical bottom of the upper
tankis the outletpipe (11), throughwhich the oil flows to the lower tank (4) or to the balance

(3) during the test. On the outlet pipe there is a filter which serves to clean the oil and three
pneumatic valves (10). These three pneumatic valves (10) determine which line of the upper
tanktheoil will flow through.Theoil canflow directlyto theoutletnozzle,whichis locatedat
theendof theoutletline, or throughtwo liquid volumeflow meterq8). Upstreanof thenozzle,

a pneumatically operated iris orifice (9) is built into the outlet pipe to control the flow. The
outlet nozzle is placed close to a switching device (2) which switches the oil flow during the
test either to the balance @)to the lower tank (4) at the beginning and at the end of the test.
Thelower (4) andupper(1) tanksareconnectedy a pipe(13), on which the pneumatiovalve

(12) and pumpg5) arelocated andanoverflow pipe (14).
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At the start of the test, one of the pneumatic valves (10) is opened to release the direct line to
the balance and the oil flows through the outlet pipe from the upper cylindrical tank into the
lowertank (4)first. A vacuumis createdabovethelevel ofthe uppertank, whichcauses aito

be sucked frontheair-conditionedaboratorythroughthe gasneterundertestabovethelevel

of the oil in this tank. When the flow has stabilised, a starting pulse from the gas meter under
test will switch the diverter (2) and oil will begin to flow to the balance. After the defined
volumeof air haspassedhroughthe gasmeterundertest,the switchingdevice(2) is switched
atacertainimpulsefrom thegasmetersothatthe oil nolongerflows onto thebalanceandthe
openpneumatiovzalve (10) is closed After the balancendication(3) hasstabilised the weight

of theoil whichhasflowed outis read.Thevolumeof oil onbalanceas equivalento thevolume

of air replacingtheoil in theuppertankwhichis suckedhroughtheinstrumentundertest.This
volumeis determinedndirectly from the knowndensityof the oil andby weighingtheoil. The

oil densityduringthetest isalsodeterminedndirectly by measuringhetemperaturef theoil

flowing outandfrom the knowntemperaturelependencef theoil density.After weighingthe

oil flowed out during the test, the oil is flowed into the lower tank (4) and pumped from the
lowertank(9) throughthepipe(13). Thepumpingcontinuesuntil theoil levelin theuppertank
reacheshevaluebeforethetestbeganTheoil levelis measuredby acapacitivesensorAs the

oil is pumped from the lower to the upper tank, the side valve (7) is automatically opened to
prevent air from the upper tank from being forced into the gas meter under test. An overflow
pipe (14) to the lower tank is incorporated in the upper tank to prevent possible overfilling of
the upper tank with oil and its discharge into the gas meter under test.

The test is managed and controlled by a personal computer equipped with the appropriate
software.Theerrorof thegasmeterfc is determinedat leastthreetimesat onesetflow rate.At
the end of the test, the average error of the gas meter at each flow rate shall be calculated.

2.2 Bell Prover

A basicschematidrawingof the Bell Prover,thatis a nationalstandardn CzechRepublic,is
shownin Figure 2, aphotograph ishownin Figure 3 [3]. Thefacility consistsf two vessels.

The lower vessel is a welded cylindrical steel vessel into which another cylindrical vessel is
inserted. The resulting inteylinder space contains a very low viscosity oil, oftenell
Morlina S2BL5. Thesecondressekonsistf a cylindrical bell turnedwith bottomup with its

walls partially immersed in oil, which is hanging from a steel cable. The bell is placed on
compressed air which is created by a filling ventilator. The oil in the lower vessel thus acts as
a hydraulic lock.

A constructiorof steelprofilesis fixed to therigid structureof thelower outervesselpnwhich
otherparts ofthe Bell Proveraremounted. Preciseertical movement athe measuringell is
ensured byuide rods and ball bearings. The bearings are mounted in holders at the top of the
bell. The bearing housings of the rope guide pulleys are mounted on the metal construction.
Theropearrangementpgethemith theweightsystemensureshatthebuoyancyforcesacting
on the bell, which is immersed in oil, are compensated and constant pressure is maintained
under thebell duringthe measuringycle. The counterweighsystemconsistsof two weights.
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Oneweight,which ensures constanbil levelin theintermediatecylinderspacejs attachedo

a steel cable and is immersed in the oil reservoir forming a connected vessel with the
intermediate cylinder space of the lower cylindrical vessel. A second weight, which
compensates for the buoyancy force, is hanging from a wire rope which is routed through an

eccentric disc.

@F_.:—D—

DIST_BELL_LEFT
071700 am

TN_BELL
0.30c

|
PAIN_BELL
8001100 1P3

Figure 3 - Photographf theBell Prover[3]

An air pipeis placedinto theinnercylinderof the lower vessel. Afilling pipe,connectedia a
shutoff valveto theventilator,is placedat the bottomof thelowervessel. Whetheventilator
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is switched on and the shatf valve is opened, pressurised air flows through the filling pipe
and the bell rises to the upper position.

A metering line is connected to the air line outside the lower vesseidiher shubff valve.

By openingthevalve on theair line upstreanof themeasurindine, air is forcedby the weight

of the bell into the meter under test. If the pressure drop of the meter is greater than the
overpressure generated by the bell weight, then a vacuum pump located at the end of the
measurindine in theotherroomcanbeswitchedon. All shutoff valvesontheBell Proverare
pneumaticallyoperated.A sideshutoff valveis incorporated in theneasurindine in front of
themeterundertest and is opened whenevee bell rapidlystops its downwardhotion at the

end of the test, allowing air to be sucked into the space between the bell and the meter under
test,therebypreventingdamageo the meterundertestwhich might be susceptibléo asudden

stop. Theair flow canberegulatedoy threemanualvalvesplacedparallelto eachotheronthe
measurindine between thgas meteunder test and the b FR01, FRO2FRO03in Figure 2).

Figure 4 - Bell ProverControl Panel[3]

All tests on theBell Proveris controlled and managed by a personal computer equipped with
the appropriate softwar€&igure 4).

At the start of the test, the skoff valve on the measuringe opens, causing air to be forced

out of the bell and into the meter under test. The bell begins to go ddten.the stabile
movement of the bell has been established, the position of the bell is read on two incremental
rulersat a certain pulstfom thegas meteor afteracertain volumehas been displaced (when
testinginstrumentsvithout pulseoutput,e.g.sonicnozzles) At thefinal predefinedpulsefrom
thegasmeteror afterdisplacemenof a predefinedsolumeof air, thefinal bell positionis read
andthetwo shutoff valvesonthe measuringine areclosedat the sametime. Theventilatoris
thenautomaticallyswitchedon andthebell is pushedo its initial position.Beforethenexttest,

a film of oil must be allowed to run off the inner walls of the bell, which reduces the inner
diameter of the bell. From the known geometric measurement of the bell, and from the
measured length of the shift of the bell, the pressure under the bell and in the gas meter under
test,thetemperatureinderthebell andin thegasmeterunderntestduringthetestandthevolume
recordedby the gasmeterundertest, it is possibleto calculatethe error with which the gas
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meterundertestrecorded theolumeof air. For calibrationsof sonicnozzlesavacuumpump

is connected downstream the nozzle and three measurements are normally taken at one inlet
pressure and three measurements at another inlet pressure at the nozzle, retiocedHan

50 mbar by means of valves upstream of the nozzle.

In therisingmode two pressureegulatorsareusedio adjusttheinlet pressur@f theair entering
from a 2.7 m pressure vessel. The principle of the tests is then similar, but with a greater
uncertainty of measurement due to the film of oil that remains on the inner wall of the bell.

During one test, all measured quantities are read from the auxiliary measuring instruments at
least once per second. At the end of each test, the average of all these measured values is
calculated and the starting and ending value is recorfleel.temperature inside the bell is
determined from an electronic thermometer and under the bell, where homogeargyred

by a small fan. The temperature of the air in the gas meter under test is also measured by an
electronic thermometer in the measuring line near the meter under test. The absolute pressure
in the bell is measured directly by an electronic pressure meter. The differential pressure
between the bell and the meter under test is also measured by an electronic pressure meter,
usuallyfrom the pressure outlet 1y or upstream ofhe sonicnozzle.The displacement dhe

bell is measured by two incremental rulers which are located at the guidelhedaverage

valueof the bell displacemenmeasuredby thesetwo rulersis usedto calculatetheerrorof the

gas meter under test.

For the newBell Provers,the calculations are provided by the control software and are quite
sophisticated, containing the calculation of the displaced volume according to the precise
dimensional measurement of the bell in individual layers, including correction for the thermal
expansion of the bell material, and calculating the air density at individual points of the test
equipment.

2.3 Dynamic gravimetry flow standard (GFS)

The dynamic gravimetry flow standard (GFS) is a primtaw-flow mass standard consisting

of adynamicgravimetricsystem5]. Thestandardtself consistof a pressureressebuilt ona
precision electronic balance with an automated system for zeroing the balance, calibrating the
balanceandloadingthecylinder (Figure 5). This systemis built onaspecialtablefor vibration
damping. It is enclosed in an enclosure to ensure that the effect of air flow on the weighing
cylinderis suppressedt is alsoequippedvith asystenthatmonitorsthetemperaturequmidity

and pressure conditions of the environment. A system of two pressure regulators is connected
to the cylinder to ensure constant pressure in the flexible capillary connecting the cylinder to
the calibrated instrument. Through this capillary, the measured gas flow flows into a
temperature stabilising volume and from there intoadbloc- molboxsystem, supplemented

by a controlled mass flow meter to ensure flow stability. The whole system of this primary
standard is operated by a control software that allows the control of the individual parts of the
standard and calculates the resulting flow rate with all the corrections. The software, after
stabilisingthe flow rateand checkindhat thebalancds reset, measures the weight losgad

from thebottleindicated bythebalance, fronwhichit directly calculategshemassflow ratein
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mg/s or anyother required units. Thealculated flow rate is corrected for the effects acting
the systemduringmeasuremenft his is mainly the changen the buoyancyforceactingonthe
bottle.

Thesedevicesaretypically usedin theflow rate range (0.000060.3) m¥h.

Figure 5 - Schematidiagramof a primary standardwith low massflow basedon the dynamicgravimetric
principle

1 - gas cylinder ora balance2 - balance, 3 flexible connecting capillary, 4control element (valve or MFE
5 - calibrated secondary standard (Molbloc); @valuation unit of the secondary standard (Molbox),dévice
for automaticcalibrationandzeroingof thebalanceduringthemeasuremen§ - calibrationweightof thebalance
9 - thermometers and hygrometers for measuring the conditions in the space close to the balapoeyd€or
calibration of sonic nozzles [5].

2.4 Equipment basedon PVTt method

Thegeneralprinciple of operationof a primary standardasedn themeasuremendf pressure

(P), volume V), temperature T) and time {), referred to as PVTt", is based on the
determination of the change in density of the measured gas in a tank of known volume and a
certain time interval. The flow of the measured gas can be directed into the measuring tank
(increaseof thegasdensity)or generate@ut of the measuringank (decreasef the gasdensity).
TestfacilitiesbasednthePVTtmethodypically operatdoy arunningstartstopmethodwhich

ensures a near constant flow through the device under test. This method can be designed with
static or dynamic gas density measurement.

Theprinciple of operationwhen usinghetankinjection mode ishown inFigure 6.

I Bypass

To Po T P
AT T T Diverter
. i 0 @ = 0 C? : |
E | 1
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| \
— i

Flow

Vacuum
pump

Figure 6 - Schematidiagramof PV Ttdevicefor injection mode[6]

133



cellSTU
Conferenceproceedings: eeee SiF

SLOVAK UNIVERSITY OF

Perspectivesf ForeignLanguagd eachingor ProfessionaCommunication TECHNOLOGY IN BRATISLAVA
FACULTY OF MECHANICAL
in Tertiary Education.

ENGINEERING

Dueto the need to stabilize the tank temperapusferablyat a constant value, the gas tank is
often placedin a water tank (Figure 7). The usualrangeof flow ratesis from 0.2 m%h to
100 n#/h.

Figure 7 - PVTtequipmenin NISTlaboratory (USA)[7]

2.5 Equipment basedon piston method

Themeasuringistonis areferenceleviceusedto realizeandaccuratelydeterminesmallflow

rates. It is a volumetric measuring principle, where a piston with a precisely defined effective
areadisplaceghegasinto themeterundertest.Fromtheknownareaanddisplacemendistance

of the piston, the displaced volume into the meter under test is known. Of course, as with any
measurementt is necessaryo ensurehatthetemperatur@ndpressuref thegasin thepiston

and at the location of the meter under test are measured.

Theelectricmotordrivesameasuringistonhousedn acylinderof constantrosssection.The
displacementf the pistongenerateflow. Thedeviceworksvery preciselyandby movingthe

piston it is possible to define the amount of air to be passed through the gas meter under test.
Information about the piston movement can be obtained electronically from a high frequency
sensor which senses the speed of the moving mechanism. By precise geometry and accurate
measurement of the piston path, high resolution of the test volume is achieved in short test
times. The principle of measuring a reference piston with "forced" motion is shdviguire

8.

spindle nut

J
I Zz meter
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Figure 81 Equipmenbasedon pistonmethod8]
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There are also primary standard devices with a "free" piston. These devices are used for very
smallflow rates,.e.from 1 ml/min. Thecylinderplacedin thevertical positionis usuallymade

of borosilicate glass and the piston is sealed with a mercuimygdvhich allows the piston to

move without friction. However, due to the presence of mercury, such devices are stopped to
be used in laboratories and are no longer manufactured.

3 Building a new national standard BPP2in CMI
3.1 Description of the initial stateand selection

Since the existing national standard ELQEqgyivalent Liquide Quantity Equipmeéntvas
developed and built in principle already in 1980 and the new building of the regional
inspectorateCMI Pardubice is already planned for a new national standard, the tender for a
new national standardwas repeatedlyannounced.The existing ELQE has a range from
0.15m%h to 17 m¥h andthe new existing Bell Prover (national)standarchasa rangefrom
0.5m?¥h to 280m%/h. Thus, it will be appropriate tbuild anewnationalstandard ideallyvith
arangeof 0.002m%h to 2 m¥h. Infact, newtypesof diaphragm gametersareproducedwith
arangeof 0.016m%h andtherelevantauthorisednetrologycentreswill requiretheir standards

to be calibratedby nationalstandardsn this rangeaswell. Smallwetdrumgasmetersarealso
manufactured with flow rates fro@min =0.01 n¥/h.

Figure9 Typicalarrangemenbfa Bell-PistonProver

CMI has carried out a study on primary reference devices in Europe in the field of calibration
of gasflow metersunderatmosphericconditionsin the air flow rangefrom 0.01 m%h to

10 m¥h atatemperaturef about20°C. Fromthis informationandalsofrom the experiencef
Twinning missionand colleagues from foreign metrology institutes, the principle of a new
nationalstandardvasselectednamelythe Bell-PistonProver, whichis a pistonmethodbased
standard. There are three advantages compared to an actual EhiSEhew Bell-Piston
Proverprinciple (Figure 9) allowsthe sonic nozzleso betestedevenat higherinlet pressures,

there is no risk of problems with changing liquid properties over time, there is no risk of
problems with the oil flow switchindeviceto and next to the balance in the ELQE, and there

is no risk of oil splashing.
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The technical documentation for the tender has been prepared. The first tender procedure was
closed with a negative result because unfortunately no congodimyitted an offer within the
deadline. The selection of a new national standard based @eliFeiston Proverprinciple

was therefore continued subsequently.a new tender procedure, which took the form of a
'negotiated procedure with publication’, the comp&® Ehrler Priftechnik Engineering
GmbH was selectedThis company had supplied similar equipment to national metrology
institutes in Germany, Peru and Moldova.

The development of this new national standard is a priority and is also mentioned in the
Government Resolution No. 1129 of 14 December 2016 oG dmeept for the Development
of the National Metrology System of the Czech Republic.

3.2 Specificationof the new national standard BPP2

The new national standard should be Bedl-Piston Prover which is the primary standard
based on the piston method with a pressure range of Gpbtr in terms of metrological

traceability. The Bell-Piston Proverwill be used to calibrate higprecision reference gas
meters, sonic nozzles and other referegae flow meters in the flow range of 0.00%/Imto

2 m¥h. Theprinciplewasdevelopedogethemwith the PhysikalischTechnischéundesanstalt

(PTB), the national metrology institute in Germany.

The basic element is a precisely dimensioned metapistin, which is placed in a pressure
resistant vessel and which displaces air into the meter under test during its horizontal
movementlnitially averticalarrangementvasconsideredyith the pistonmovingfrom topto
bottom, but it was found that a horizontal position would be preferable, where better thermal
stability would be guaranteed@he piston is housed in a pressure vessel and is operated by a
steppemotorandaball screwspindlewith aspindlenut. Thepistonbodyis sealedo theguide

rod by two seals Any potentialleakagecanbe detectey measuringhe pressurdetweerthe

two seals. The system consists of two chambers which are interconnected by a pipe with a
controlvalve.Comparedo theconventionaBell Prover, this designhastheadvantage¢hatthe
geometric measurement of the piston is donddigrmining the piston outer diameter values.
These outer diameter values can be measured at signifitaméy uncertainties than thzell
Prover'sinner diameter valuesThe BellPiston Proverwith spindle stepper motor has been
successfully tested in several institutes and is capable of accurately realizing volumetric flow
rates.

Thenewreferencdacility is alsorequiredto includeanextensionj.e.asecondargectionwith
sonicnozzleblock(s)for flow ratesequalto andhigherthantheBell-PistonProverbasesection
The flow rangeof the primary part of the Bell-Piston Prover shouldbe from 0.002m%h to

2 mP/h with a measurement uncertainty U(k¢20f 0.10 % in the middle part of the
measuremerrange. Anothersecondargectionwith sonicnozzleblock(s)shouldhavearange
from 0.002 n¥h to 17 n¥/h with a total measurement uncertainty U(k=2j 0.25 %.

136



cellSTU

Conferenceproceedings: eecee SiF
SLOVAK UNIVERSITY OF
L

Perspectivesf ForeignLanguagd eachindor ProfessionaCommunication ~ 1ecuno LOGY IN BRATISLAVA
FACULTY OF MECHANICAL
in Tertiary Education.

ENGINEERING

4 Conclusion

Theconstructiorof anewprimarystandardasedntheBell PistonProverprinciplewill bring
asignificantimprovemenin thefield of gasflow measurementt will reduceghemeasurement
uncertainty compared to the current situation and will place the Czech Metrology Institute
amonghelaboratoriesvith thelowestmeasuremenincertaintyin theworld. It will alsoenable

us to offer new services to many new customers.
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Dynamic behaviour in medicalthermometers

Strnadova, Lenka

Abstract

Dynamic behaviour in medical thermometers significantly influences their accuracy and
response time, which are critical for clinical diagnostics and patient management. This study
investigates the transient thermal response of three types of therm@ntditgtal, forehead
thermometerandearthermometersisingcontrolledexperimentso quantifyresponséime and

thermal lag under varying environmental conditions. Data were collected by exposing each
thermometer type to sudden temperature changes within a calibrated thermal bath, measuring
responsd¢imesacrossarangeof temperature§32 °C to 42 °C) to simulatetypical humanbody
temperature variations. Second experiment was done by changing of ambient temperature of
the thermometers by measuring the same body temperature. Third experiment was done by
changinghehumanconditionby changingof ambientemperatureThefindingshighlightthat

while both infrared thermometers offer rapid results, they may lack precision in certain
contexts. Digital thermometers provide a balance between response time and accuracy. This
analysis aids in collecting of the data set to create a model for study of medical thermometers
dynamics.

Keywords:medicalthermometerhumanbodytemperaturegynamicbehaviour

1. Introduction
Medical thermometers are essential diagnostic tools used to measure body temperature. The
accuracy and speed of temperature measurement depend on the thermometer's dynamic
response, which can be characterized by its time condlaahd stabilization time. Contact
digital thermometers require direct thermal equilibrium with the body, whilecoatact
infrared thermometers measure emitted thermal radiation. This article analyses the dynamic

behaviour of these thermometers to understand their response characteristics.

138



cellSTU
Conferenceproceedings: eecee SiF
SLOVAK UNIVERSITY OF

Perspectivesf ForeignLanguagd eachindor ProfessionaCommunication TECHNOLOGY IN BRATISLAVA
FACULTY OF MECHANICAL
in Tertiary Education.

ENGINEERING

2. Theoretical Background
To expandthetheoreticaintroductionwith equationsandgraphswe canbeginby considering
themathematicamodelsthatdescribethe dynamicbehaviourof medicalthermometersThese
modelscanbe describedusingdifferentialequationsandtheresponsef thethermometeto a
change in temperature can be visualized using graphs. Below is a more detailed explanation,
including relevant equations and the graphical representation of the system's behaviour.
A medical thermometer can often be approximated as eofidstr thermal system. The first

order dynamic behaviour is governed by the following linear differential equation:

(e ®

Qo b

where:
T(t) is thetemperaturef the thermometeat timet,
“¥% is theambienttemperaturgor thetemperaturdeingmeasured),
Uis thetime constanbf thesystemwhichrepresenttherateatwhichthethermometeresponds
to changes in temperature. The time constant is related to the thermal properties of the
thermometer (such as thermal mass and heat transfer coefficient).
The solution to this differential equation represents the temperature of the thermometer as a

function of time after a step inplit, is applied. The transient response can be written as:

9 ="%@ 09 @

where
o

‘Q t describes thexponential approach to the final temperatide

TransientRespons@andTime Constant
Thetransientresponsashowshowthethermometer'semperaturehange®vertime asit reacts

to a sudden change in the measured temperatu
thermometer reaches its final temperature. A larger time constant means a slower response,

while a smaller time constant corresponds to a faster response.
Effectof TransportDelay

Transportdelay,or time lag, arisesn systemsvherethereis adelayin thetransferof heatdue

to the thermal propertiesof the thermometerThis can be modelledas a time shift in the
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temperatur@éesponseA simplewayto model theeffect oftransport delays by modifying the

solution to the differential equation:

© 19
O ="Yo(l Q 1 )ford o 3)

wheretqis thetransport delayand the system stattisrespond after thdelaytime.

CompleteSystemResponseavith TransportDelay

Whenatransporidelayis introducedthethermometewill notbeginto changdts temperature
immediately after a step change in ambient temperature. This results in a delayed response,
which can be seen in the following graph. Assume a transport oefay30 s. In this graph,

the response starts after a delay of 30 second, and the system exhibits the same exponential

behaviour but with the initial "flat" phase due to the transport delay.
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Figurel. Comparisorof stepresponsesf the systemwithoutandwith time delay.

Thedynamicbehaviouof medicalthermometerancludingthefirst-ordersystenresponsand

the effectsof transportdelay,playsa crucialrole in understandingheir performanceThetime
constantU dictates the speed of the thermometer's response, while the transporti«delay
introduces a lag in the system's reaction. Both factors are important for the accuracy and
responsiveness of temperature measurement systems, esppedttlical applications where

precise timing and stability are necessary.
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3. Measurementmethod
For the accuracy of the temperature measurement data, in addition to design and usage
considerations, its regular calibration is important. When calibrating with the correct
uncertainty values, it is possible to optimize the performance of individual parts of the
technological equipment, thereby making its operation more efficient, see Strnad R. (2009).
Seven thermometers of different types were chosen for the experiments. Six were digital used
for measuring temperature in the armpit. Eight thermometers wereambact, two pieces of
themwasintended formeasuringn the earandsix of themwereuniversal withthe possibility
of measuring on the forehead and in the ear. Allcamtact thermometers had the option to
switchto thesurfacemeasuremenhode.Seventypesof thermometersvereusedtwo of each,
of all contactandnon-contacthermometersTwo identicalpiecesvereusedto recognizenon
standard behaviour of a thermometer. The list of all thermometer3abla 1shown. In this
articlethenameusedarein secondcolumn,sometimesthenoncontacthermometerarenamed
onlyin shortterm(e.g.B3, B4, etc.).Experimentsvereperformedn laboratoryUnit of Primary

Metrologyof ThermaTechnical Quantities at the Czech Metroldgstitute(CMI) in Prague.

Tablel. List of usedthermometers.

Namein this Company Model Serial number
article
KuSel HELTES DT-111G 280223
o KuSe2 HELTES DT-111G 280223
- GEJ Thermo3 Hartmann  Thermovalrapid 2148
g g Thermo4 Hartmann  Thermovalrapid 2148
S5 Life5 Truelife CareT3 DMT-4764p
0% Life5 Truelife CareT3 DMT-4764p
TeslaB1 TESLA TSL-HC-UFR102  24030080400876
TeslaB2 TESLA TSL-HC-UFR102  24030080400891
3 LaicaB3 Laica TH1004 2000184
5 3 LaicaB4 Laica TH1004 2000184
g g Life B5 Thrulife JPDFR409BT  TLCQ1023020060:
S E Life B5 Thrulife JPDFR409BT  TLCQ1023020060!
59 ReerB7 Reer A202E 2023/09
ZF ReerB8 Reer A202E 2023/09

141



SieeSTU
Conferenceproceedings: eeee SiF
Perspectivesf ForeignLanguagd eachindor ProfessionaCommunication TECHNOLOGY Tn BRATISLAVA

FACULTY OF MECHANICAL

in Tertiary Education. ENGINEERING

Figure2. Designsof thermometerspn theleft therearecontacthermometergndon theright is non-contact

thermometers.

Task1 Calibration

The thermometers were calibrated at two temperatures (36 and 38) °C. Contact thermometers
were calibrated in a bath filled with distilled water and Hcontact thermometers were
measured on a black plate body and a cavity black body. The standard in the first case was a
resistance thermometer connected to a resistance bridge and in the second case it was a black
body.

Theliquid bathhadgoodstability andthesensormmersiorwas?7 cm. A resistancéemperature
transducemonitoredthe stability of temperaturén the baththroughouthe measuremenihe

results of the contact sensor calibration aréable 2 Symbolty andtssmeans measured and

standard temperature, respectivéhis the measurement uncertainty.

Table2. Calibrationresultsof contacthermometerm the bath.

Temperature, °C Uncertainty, °C
36 38 36 38

tv-tsy, °C | tm-ts, °C | U, k=2 | U, k=2

KuSe1l 0.036 -0.176 0.020 | 0.020
KuSe?2 0.036 -0.076 0.020 | 0.020
Thermo3 0.061 -0.176 0.020 | 0.020
Thermo4 0.186 -0.076 0.020 | 0.020
Life5 0.086 -0.201 0.020 | 0.020
Life6 0.211 -0.151 0.020 | 0.020

142



cellSTU
Conferenceproceedings: eeee SiF
SLOVAK UNIVERSITY OF

Perspectivesf ForeignLanguagd eachingor ProfessionaCommunication TECHNOLOGY IN BRATISLAVA
FACULTY OF MECHANICAL
in Tertiary Education.

ENGINEERING

All non-contact thermometers were calibrated onlate black bodies (BB) with emissivity
set toe= 0.95 from a distance 1 cm or according to the device manual. Furthermore, the
influence of the distance of the thermometer from the BB was measured informatively. The

calibration results of all nenontact thermometers from different distances afialrie 3

Table3. Theresultsof thenoncontacsensorcalibrationwith flat blackbody.

Temperature
38°C 36°C
Name/measuremen|
distance,cm 2 5 10 2 5 10
tM‘tst, °C tM'tst, °C tM‘tst, °C tM‘tst, °C tM'tst, °C tM'tst, °C
TeslaB1 -0.2 -1.1 -4.3 -0.4 -0.9 2.7
TeslaB2 -0.2 -0.6 -2.1 -0.3 -0.7 -1.5
LaicaB3 -0.2 -1.0 -2.3 -0.5 -0.7 -1.7
LaicaB4 -0.2 -0.6 -2.6 -0.5 -0.7 -1.7
ThruelifeB5 0.0 -0.4 -1.9 -0.5 -0.7 -1.6
ThruelifeB6 -0.1 -0.6 -1.6 -0.6 -1.0 2.4
ReerB7 -0.2 -0.6 -1.9 -0.5 -0.7 -2.0
ReerB8 -0.2 -0.6 -1.9 -0.5 -0.7 -2.0

After that, the thermometers B3 to B8 were calibrated in célédgkbody (se&igure 3 with

following results inTable 4

Table4. Theresultsof thenoncontacsensoicalibrationwith cavity blackbody.

Name B3| B4|B5|B6|B7|B8| B3| B4|B5|B6|B7]| B8
36°C 38°C
Measuredvalue,°C | 36.8| 36.8| 36.3| 36.2| 36.6] 36.5| 37.8] 38.0] 38.1| 38.3/ 38.1/ 37.9
Max-min, °C 0.0/ 00[01]01]00][00]01]02]02][02]02]0.1
tu-tst, °C 0.6|-1.4/-1.9]-19|-16|-1.7| 1.7|-02| 00| 0.1]-0.1| -0.3

Figure3. An exampleof thenoncontacthermometeusage.
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Oneexperimentwasconductednapersorwhowasin astableenvironmenandwasmeasured
by all contact and neoontact thermometers. The forehead and armpit temperatures were
measured. The results are shown in Tladle 5 This measurement was for informational

purposes.

Table5. Theresultsof measuredhumanbodytemperaturdy differentthermometere stable

conditions.

Name Temperature, °C  Stability, Max-min, °C
KuSe1l 36.0 0.2
o KuSe?2 36.2 0.2
g Thermo3 36.0 0.2
§ g Thermo4 36.1 0.2
S & Life5 36.9 0.2
OS5 Life6 36.0 0.2
TeslaB1 forehead 36.4 0.2
TeslaB2 forehead 36.4 0.1
% LaicaB3 forehead 36.6 0.2
£ LaicaB3 ear 36.8 0.1
g LaicaB4 forehead 36.7 0.3
= LaicaB4 ear 36.8 0.2
E LaicaB5 forehead 36.8 0.3
k= Life B5 ear 36.8 0.4
g LaicaB6 forehead 36.8 0.2
S Life B6 ear 36.8 0.5
S ReerB7 ear 36.7 0.3
Z ReerB8 ear 36.7 0.1

Task2 cyclingin laboratory

After thermometers calibration, a cycling test was performed to determine the possible

properties of the thermometer during rapid changes in the object's temperature. During the
experimentatemperecontacthermometewascyclically placedin abathwith atemperature

of 36 °C and then in another bath with a temperature of 38 °C. Three or four readings were
taken (readings every 5 seconds) until the thermometer beeped to indicate stabilization. Ten
repetitions were performed, and a typical progress is showigume 4
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Figure4. Readingof contacthermometeK u Saydedbetweertwo baths(36 °C and38°C).

For each thermometer, the step response was compared for all measurements. For the same

thermometer the results are in following figure.
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Figure5. Stepresponseurvefor all change®f thetemperaturdor onethermometerNumberafterletter m

indicates cycle number.

With non-contacthermometerghe samemeasurememasperformedputinsteadof thebath,
ablackbodyplate(emissivity- =0.95)wasaimedfrom adistanceof 1 cmor 2 cm. Onereading
wastakenbecaus¢hesensomwasnotimmersedn theliquid, unlike thepreviousmeasurement.
Cycling for both experiments was repeated at least 10 times. The results show no transient

behaviour (all the same value).
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Task3 changinghe ambientemperature

This series of experiments was conducted by changing the ambient temperature of
thermometers that measured a thermally stable subject. The thermometers were cooled and
subsequentlyneasuredubjectsaatroomtemperaturé22 °C). Thethermometersveretempered

for 12 hoursatatemperatur®f 5 °C. Thenthethermometersveretakeninto theroomandthe
measuremertieganmmediately.Thethermometersveremeasuredyraduallyoneby one.The
thermometer according to the model was used to repeatedly measure the temperature of the
humanbodyontheforeheadarmpit,ear,or acombinationThepersorwasin stableconditions
withoutdisruptiveinfluencedair conditioningon, a placewith brightsunlight). Thepersorhad
diseasdree, clean skin without makeup, hair, sweat, etc. gradually one by one. Temperature
readings were taken every 10 s or 20 s until the temperature values stabilizezhnibat
thermometers were switched to forehead measurement mode or ear measurement mode for
adults. A typical result for contact thermometer is on the following figure shown and in the
Table 6are written result for every contact thermometer, wher&-Tmeans the difference

between initial and final measured temperature.

_0,214:06 14 8 14 14 1 14 2 14 3 1415
-0,4
6
8
-1
1,2
1,4

o

.0,
0,

ToTa

time, hh:mm

Figure6. Stepresponseurveof Thermo3thermometer.

Stablevaluesof the contact thermometeereshownin Table6.

Table6. Measurementsesultsfor contacthermometers.

Difference
between start
Temperature and end of
before Time to Stable the
experiment | stabilisation, | valuefis,, | measurement,
Name/note| Toer, °C mm:ss °C N Nm°C
KuSel 36.2 0:15 36.1 -0.1
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Difference
between start
Temperature and end of
before Time to Stable the
experiment | stabilisation, | valuefiw, | measurement,
Name/note| Toer, °C mm:ss °C N fAmw°C
KuSe?2 36.2 0:18 36.4 -0.3
Thermo3 36.2 0:07 36.5 -1.2
Thermo4 36.2 0:10 36.4 -0.3
Life5 36.6 0:15 36.7 -0.5
Life6 36.7 0:07 36.7 -0.5

A typical steprespons®f noncontacthermometeim earandforeheadnodelooks similar like
in Figure6. Therearesomecaseswhichexhibiteithertime delayor inflexion point. Sometimes

both including the oscillation in the end of the curve.

5
4
£3
o
") 3
|_
1
0
10:30 10:33 10:36 10:39 1042 1045 10:48 10:50
Time,hh:mm
forehead =—@= ear

Figure7. Stepresponseurvefor Thruelife B6 thermometein bothforeheadandearmodeof operationwith

nonzero time delay and oscillation.
Theresults with stablealues for noncontact thermometers stiewn in followingtable.

Table7. Resultsof noncontacthermometeri changingenvironmentatonditions.

Name TeslaBl | TeslaB2 Laica B3 Laica B4
Type forehead | forehead| forehead | ear |forehead| ear
StableValue, °C 36.6 36.7 36.6 36.8| 36.8 36.8
Diff first-last, °C -2.6 -4.7 -2.2 -2.2 -1.7 -2.5
Time, hh:mm 0:07 0:12 0:13 0:11 0:15 0:15
Name Life B5 Life B6 ReerB7 | ReerB8
Type forehead ear forehead | ear |forehead| ear
StableValue, °C 36.8 36.8 36.8 36.7| 36.5 36.6
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Differenceduring
measurement,”C
Time, hh:mm

-4.9
0:14

-2.5
0:15

-4.0
0:16

-19
0:16

-1.2

. -0.2
0:06

0:04

Task4 changinghe humarcondition

Thethird experimeninvolved changingthe ambienttemperatureo alterthe humancondition.

The thermometers were initially stabilized at a temperature of 22 °C, and the subject was
exposedo changesn ambienttemperatureThe measurementsereconductedn Februaryin
PragueThesubjectspentl0 minutesoutdoorsat 5 °C, without a hat,in the shadeandwith no

wind. Upon entering the room, the measurements began immediately, using one or, in some
cases, two thermometers. Multiple readings were taken-aeddhd or 2&econd intervals.
Non-contacthermometersveresetto theappropriatenode.A typeof stepresponseurvewas

verysimilarlike in Figure6. Resultsof noncontacthermometerarein following tableshown.

Table8. Resultof noncontacthermometeré changingsubjectenvironmentaconditions.

Name TeslaBl1 | TeslaB2 Laica B3 Laica B4
Type forehead | forehead| forehead | ear |forehead| ear
StableValue, °C 36.2 36.1 36.3 36.7 36,3 36,7
Difference during
measurement,”’C -1.0 -1.1 -2.2 -04 -0,4 0,0
Time, hh:mm 0:07 0:10 0:10 0:09 0:03 0:03
Name Life B5 Life B6 ReerB7 | ReerB8
Type forehead ear forehead | ear |forehead| ear
StableValue, °C 36.6 36.5 36.6 36.9 36.1 36.5
Difference during
measurement,”C -1.0 -0.3 -0.6 -0.6 -0.2 -04
Time, hh:mm 0:13 0:10 0:16 0:16 0:06 0:05

4. Resultsanddiscussion
Task1 Calibration
The contactthermometersverecalibratedandtheir deviationsfrom the standardangedfrom
+0.036 °C to +0.211 °C at the calibration point of 36 °C. Furthermore, at the calibration point
of 38 °C, the dispersionof the deviationvaluesfrom the standardangedfrom -0.201°C to
- 0.076 °C. The trend igpposite: at higher temperatures, the deviation for all thermometers is

negative, while at lower temperatures it is positive.
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Non-contacthermometersavelargercalibrationdeviationsghannon-contactthermometersit

both temperatures. Their differences from standard at the calibration point 36 °C were in the
range from-0.6 °C t0-0.3 °C, and at point 38 °C the differences were less scattered and in a
range from-0.2 °C t0-0.0 °C. In thecalibration ofnon-contact thermometertjetemperature

change dependence on the distance from the measured object was verified. The experiment
clearlyshowsthatnot reachinghe manufacturer'secommendedistancesignificantly distorts

the measured temperature.

Task2 cyclingin laboratory

During calibrationmeasurementsycling (rapidtransitionsbetweemrmeasuremerdbjects)was
performed. The cycling results were confirmed by varying deviations but within their
manufacturer's specifications. No abnormal responses of the thermometers were confirmed.
All thermometers fulfil the factory specifications and dynamic behaviour is almost negligible

(time to stable measurement lower than 10 s). That isn@Hyture analysis were performed.

Task4 changinghe humarcondition
The results from task 4 was more suitable for further analysis than results from task 3. That is
why we will startwith it. Initially thelinearisationof equation2 by usingof naturallogarithm

was performed. & €'Y Yo = ° After that linear least square (LS) method was
n

performedo obtaintime constantf.

0,2 0
o1 059 500 1000
— —
g 00 s -1
@ 0 20 400 600 ©
201 & 0,002695x 0,9968 © 15
- R2=0,674 - y =-4,18E04x- 8,93E01
0,2 2
0,3 _ 2,5 :
Time,s time, s

Figure8. Lineariseddatausingnaturallogarithmandfitting by LS method.Ontheleft thethermometers

suitable for this solution, on the right not. Left picture shows results Tiesta B1 and right is Life B6.

The linearisation often not look appropriately from point of results discrepancy. That is why
the nonlinear least square (NLS) method was used to calculate step response curve

approximation. A typical result is shown in following figure.
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Figure9. Normalisedstepresponseurvetogethemith nonlineadeastsquaresnethodapproximation.

From this the calculation of time constantvas done. For example, in thermometer Tesla B1
time constanfrom linearisationis 371 s andfrom NLS method289s. In practicallife thetime
U T could be use as the stabilisation time (the deviation from stable value is less than 1 %).

The results are in following table shown.

Table9. Resultof noncontacthermometerg changingsubjectenvironmentatonditions.

Name TeslaBl | TeslaB2 Laica B3 Laica B4
Type forehead | forehead| forehead ear forehead ear
Time constantW's 289,7 168,2 103,3 |[negligible] 49,8 |negligible
Name Life B5 Life B6 ReerB7 | ReerB8
Type forehead ear forehead ear forehead  ear
Time constantW's 2715 100,0 485,6 | negligible] 103,3 300,0

Thesamemethodapplied tothe contact thermometesgeld to values lesshan20s.

Task3 changinghe ambientemperature

Results of thermometers in this task shows the big discrepancy. Time leg and presence of an
inflex point often together with an oscillation requires more sophisticated approach (second
order dynamics with complex roots). This is not done in this paper and will be further

investigated. The approximation of the stabilisation time aible 6andTable 7shown.
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5. Conclusion
This studydemonstratethedistinctdynamicbehavioursof contactandinfraredthermometers.
While digital thermometers require significant time to equilibrate, infrared thermometers
achieve neainstantaneous measurements. The choice of a thermometer should consider the
tradeoff between responspeed and measurement reliability. Futesearch should explore
advanced sensor materials and machine learning algorithms to enhance temperature
measurement accuracy under varying environmental conditions.
Themeasuredlataindicatesthattherecordedransientresponsef individual thermometerss
almost never fully complete. The evaluation must therefore be divided into several phases:

A calibrationdeviationsof individualthermometers.
A Measurementsinderstableenvironmentalconditions(cycling).
A Measurementsvheneither the thermometeror the subjectis exposedo changesn the
environment.
All those approaches were in this article presented. The results showed that more complex

behaviour occurred when thermometer is exposed to ambient temperature changes. More

investigation of this is needed in the future.
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Basicsof metrology and medical metrology
SmeténkaAndrej, Ry b §a6

Abstract

Metrology, the science of measurement, is a critical foundation in ensuring accuracy and
reliability across various fields, includirigealthcare. This paper describes the basic principles

of metrologyand its specialized branch, medical metrology, emphasizing their significance in
both general and medical contexts. The paper begins with overview of the fundamental
principles of metrology, its categorization into legal, practical and scientific metrology, and
provides a structural overview of these distinct areas. The focus then shifts to the concept of
traceability in metrology and traceability in medical metrology. It explores the critical
importance of traceability in ensuring measurement reliability and accuracy. The differences
between these two frameworks are analyzed and the differences are highlighted to show how
theuniquerequirement®f healthcarénfluencetheimplementatiorof metrologicaltraceability

in medical settings. In addition, the paper also discusses the regulatory aspects of medical
metrology, discussing the national legislative frameworks. Special attention is given to
Europeamegulationgepresentelly theMedicalDeviceRegulationfMDR), whichemphasizes

the need for rigorous measurement standards and compliance to safeguard public health. By
providing a comprehensive overview of these topics, the paper aims to underline the
fundamental role of metrology and its specialized branaomedical metrology in securing
reliability, accuracy and safety of all medical devices (not only measurement devices).

Keywords: metrology, medicamnetrology,MDR, metrologicalraceability

1 Introduction

Metrology,the scienceof measuremeris afundamentalssuefor a wide rangeof applications

in scientific and also industrial fields. It covers all the practical and theoretical aspects related
to measurement and uncertainties. It discusses units and their quantities, methods and
procedures of measurement.

Metrologycan bedivided into 3 maircategories:

1. Scientific metrology- represents the primary degree covering the field of science,
researclandalsodevelopment. Itlealswith the developmenandstoringof standards.
This categoryof metrologyalsodealswith thedeterminatiorof basicphysicalconstants
that defines the basis of Sl units.

2. Industrial (practical metrology) ensures correct and efficient functionality of
measuring devices that are used in industrial production and quality control. Industrial
(practical)metrologyalsocoversmeasuremerdeviceswe comeinto contacton adaily
basis.
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3. Legal metrologyi the primaryactivity of this categoryf metrologyis the supervision
andregulationof measuringlevicesandmeasuringystemsilts goalis to ensuraeliable
measuringesultsthathaveanimpactontransparencgf economiaelations healthand
safety.

[6; 7]

In thehealthcaréndustry,accurateandreliablemeasuremeni@reveryimportant,because¢hey

directly influence diagnosis, treatment plans, patient safety and overall health outcomes. The
sub discipline of metrology called medical metrology applies metrological principles to the
medical field. It ensures that medical devices, instruments and measuremewctusaiee and
reliable.Modernmedicinerelieson technologyfrom basicinstrumentdike thermometerand

blood pressure monitors to sophisticated devices like MRIs and CT scanners. Inaccurate
measurements can lead to misdiagnosis, improper treatments and severe heallfo risks.
understand how metrology is applied to the medical field, we have to first study the fundamental
concepts if metrology. [1;2;3]

The core of metrologyarephysical quantityand measurement units. We use them to quantify
measurements and express physical quantities such as length, time and temperature. The
International System of Units (Sl) is based on seven baseiukitsgram, meter, ampere,

kelvin, moleandcandelaFromtheyear2019all Sl unitsaredefinedby physicalconstantskor
examplethekilogramis definedby the Planckconstantindkelvin by the Boltzmannconstant.

The Sl systemconsistof definingconstantshaseunits,derivatedunitsandmultipliersusedas

aprefix. It providesa unified communicatiodanguagausedworldwidein all kindsof technical

and scientific fields.

[5]
Metrological traceability

Metrological traceability is a fundamental metrological procedure, which provides a base for
measurement accuracy and reliability. It is defined by an unbroken chain of calibrations and
verificationswhich arelinkedto internationaktandardsyationalstandardsindtheir associated
laboratoriesMetrologicaltraceabilityconsistf sevenessentiaklementstherealizationof Sl

units, documented calibration programs, documented measurement uncertainty, an unbroken
chain ofcomparisons, documented measurement procedures, accredited technical competence
and measurement assurance.

[5]
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Figure 10 Metrologictraceability

A) Primarystandard
B) Databaseof physiologicasignals

C) Clinicallyevaluatedmeasurementevice

A) Referencestandard
B) Testingdevice

C) Transferstandard

Measuremendevice

Figure 11 Medicalmetrologytraceability[7]

Metrologicaltraceabilityin medicineis dividedinto 3 maincategories:

Category MfAO

This categoryis thesameasthemetrologicaltraceabilityin A n o r metrblagy.Thesequence

goes from the basic Sl units, through international, national and industrial standards to
measurement devices. Typical examples for this category are thermometers, ergometers, and
materializedengthmeasuresThis doesnot requireany specificmethodsor proceduregor its

security.
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Categonfi B 0

Primarystandards in theform of adatabasef physiologicalsignals.Metrologicaltraceability

is provided by generators and testing devices, which can generate a specific generated signal
and then this signal is compared to the tested device. A typical example here is a spirometer.
The volume of the air that a patient inhales or exhales depends on the time that is
provided/created as a database of physiological signals.

CategonfiC o

Represents the integration of the physioatrological basis and the clinically evaluated
measurement device. This process leads to the creation of a set of measured data that are
comparedo standardsndserveasreferencesalues A typical exampleof this categoryis non

contact eye tonometers.

[4;7]

Legislation for medical metrology

Legislationin thisfield is dividedinto Internationakegulationsandnationalregulations.
FortheSlovakrepublicMDR i MedicalDeviceRegulations significant.It is asetof European
Union regulations that governs the production, distribution and use of medical devices within
the EU and was adopted in 2017 . Mib#places the previous directives 90/385 ES and 93/42
EHS. The aim of the regulation is to ensure functioning of the internal market by establishing
new procedures and rules for medical devices. It covers a wide range of medical devices,
including diagnostic devices, implants and drugs in combination with devices. MDR differs
from older directives in several aspects:

1 Uniform legislation.

Modification of the definition of basicterms
Cooperatiorof regulatoryauthorities
Tighteningof post marketequirements
Expansiorof theEUDAMED database.

= =4 4 A

The field of medical metrology in the Slovak republic is covered by laws and decrees of
governmenbr UNMS (Slovakoffice of standardsmetrologyandtesting).In thedecreeof the
Slovakoffice of standardsnetrologyandtestingnumberl61/201%boutMeasuremerndevices

and measurement control there is an attachment with a list of specified measurements. It is a
measuremerdeviceusedin measureselatedto paymentshealthor the environmentEachof

these measurement devices have to be verified by an accredited person in an established/set
period. In this list we can find several measurement devices used in the field of medicine, for
example blood pressure monitors, thermometers and dosimeters.

[6; 7]

Conclusion

Metrologyrepresents fundamentapillar in ensuringheprecisionaccuracyandreliability of
measurementsyhich arecritical acrossvariousscientific,industrialandmedicaldomainsThe
paper hasutlinedthe basigrinciplesof metrology,emphasizingts categorizationnto legal,
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practicalandscientificmetrology.Thefocusis onmetrologicalkraceability,bothin generabnd
medical areas. It highlights its essential role in guaranteeing consistency and reliability,
especiallyin healthcareontextslt includesanexplorationof nationalandEuropearegislative
frameworks, particularly the Medical Deivce Regulation (MDR). By presenting these key
insights, the paper reinforces the vital role of metrology and medical metrology in supporting
standardization, quality assurance and patient safety in modern healthcare systems.
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Introduction to digitalization in metrology

Gregor Starinsky

Abstract

This work deals with the digitalization of metrological services within legal, scientific, and
industrial metrology domains. Calibration of measuring instruments and measuring systems
plays a crucial role in ensuring reliable measurements by minimizing uncertainties associated
with measurement results. The primary output of a calibration process is a calibration
certificate, which provides the necessary corrections to adjust the measurement process to
achievdower measuremenincertaintiesTraditionally,thesecalibrationcertificatesareissued

in physical (often papdvased) formats, which can be challenging to manage, interpret, and
integrate into modern workflows.

Classicakalibrationcertificatesofteninvolve manualdataentryandanalysigprocessesyhich
increase the potential for human errors, inefficiencies, and extended processing times.
Moreover theirarchivingandretrievalcanposeogisticalchallengesparticularlyin large-scale
measuring systems or sensor networks. This applies namely for the applications where
compliance with stringent quality standards of the product is essential.

This work explores the potential of the digitalization of the calibration process to transform
thesechallengesnto opportunitiegshroughtheimplementatiorof digital calibrationcertificates
(DCCs). Unlike traditional certificates, DCCs are mackieedable, facilitating seamless
integration with digital systems and advanced analytical tools. They enhance the traceability,
accessibility, and efficiencgf calibration certificatesvhile reducingenvironmentapractices.
Additionally, digital calibrationcertificatessupportautomatedlataprocessinggontributingto
theadvancementdf Industry4.0principlesandthebroadedigital transformationn metrology.

By leveraging digital solutions, this research aims to demonstrate how digitalization can
streamline metrological processes, and foster innovation across industries tbatnadigble
measurements.

Keywords: calibrationcertificate,DCC, digitalization,Industry4.0, metrology

1 Introduction

Metrology, the science of measurement, is essential for ensuring reliability in various
sectors.Onef themostcrucialaspect®f metrologyis thecalibrationof measuringnstruments

and systems, a process that utilizes measurement standards to determine corrections for
measurement instruments and ensure reliable results. The calibration process traditionally
resultsn aphysicalcalibrationcertificate which outlinesthecalibrationresults henceallowing

the userto carry out necessaradjustmentso measuremerprocesseso lower uncertainties.
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However thesephysicalcertificatesoften comewith inherentchallengestheyare presenn a
paperformatwhile thedigital world oftenrequiregheirdatato betransformednto digital form,
interpreted, and integrated into modern workflows, especially whend$aale measurement
systems or sensor networks are involved.

Digitization and digitalization are two key concepts that help improve metrological services.
Digitization refers to the process of converting analog data into digital formats, such as the
scanning of physical documents into digital files. In contrast, digitalization is a broader
transformation that embeds digital technologies into systems and processes to enhance
efficiencyand capabilities. A generalknown example of digitalization is the evolution from
traditional maps to advanced tools like Google Maps, where digital solutions not only store
geographic information but also provide réate data, navigation, and analysis. The same
approach can be applied to metrology, too.

In the context of metrology, the shift from pajased calibration certificates to digital
calibrationcertificates (DCCsgxemplifiesthedigitalizationof calibration services. DCCxe
machinereadable, which allows seamless integration into digital systems and advanced
analytical tools, improving traceability, accessibility, and efficiency while reducing the
environmental impact and decreasing the requested manpower. Moreover, DCCs enable
automated data processing, the streamlining of workflows and contribute to the broader
principlesof Industry4.0, whereinterconnectedautomatedystemsenhancealecisionmaking
processes and overall system performance.

This paperexaminesow digitalization,particularlythroughthe adoptionof digital calibration
certificated DCCs),addresse®ngstandinghallengesn metrology suchasmanualdataentry,
resultingin humangenerated errors, inefficiencies, and difficulties in archivng retrieving
calibration certificates. By leveraging digital solutions, this work aims to demonstrate how
digitalizationcanoptimizecalibrationprocesseandpromoteinnovationacrossndustriesthat

rely on reliable measurements.

2 Current Stateof Metrology

For a measuring instrument to provide reliable indications, it needs to be calibrated regularly.
However, this process often requires a great deal of administrative work, such as an order, a
receipt report, an internal report or the calibration certificate itself, which contains the
calibrationresults.In addition,excessiveaperdocumentatiomot only burdensadministrative
processes, but also has a negative impact on the environment, which is a global problem.

2.1 Calibration process

Figure 1 presents an example of a calibration process based on conventional bilateral
communication between the instrument owner and calibration provider. The example
corresponds to a case in which the instrument owner and calibration provider are using email
or other conventional communication channels to exchange the data in a format that is not
directly usable in the systems used by the sender or receiver, such as a PDF file. This means
that the process will not be as efficient as possible and that the integrity of the data is
compromisedasthe dataentriesneedto be donemanually,leadingto the possibility of errors.

[1]
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Figurel2 A simplified exampleof a conventionatalibrationprocesg1]
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approach did not address all the challenges associated with certificates.
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3 Digitalization in Metrology
Digitalizationin metrologyis constantlyevolvingandaddressingopicssuchas[2]:
The digital transformation of metrological services

The coreof these tasks is the digital upgrading of the quality of the infrastructure and of legal
metrology. This includes, among other things, developing reference architectures, validated
statistical procedures for predictive maintenance and an infrastructure for digital calibration
certificates. Finally, dlheudto iisn tthtee sfedrt m nagf
infrastructure for the harmonization and development of conformity assessment and market
surveillance.

Metrologyin theanalysisof largequantitiesof data

The objective consists of developing metrological analytical methods for large quantities of
data and in assessing machine learmigghods for biglata with an emphasis on existiagd
increasingly relevant metrological applications for industry in which large quantities of data
haveto beprocessedndwherehigh-dimensionalnformationhasto bederived(e.g.in imaging
procedures and in photonics).

Metrologyof thecommunication systems fdigitalization

This focus concerns the securing and metrological validation of reliable, secured and efficient
communication in complex scenarios. It encompasses the traceability of complex high
frequencymeasurandtr 5G networks nonlinearandstatisticaimeasurandathigh frequency,
derived measurands in digital communication systems, and complex antenna systems.

Metrologyfor simulations and virtual measurimgtruments

By developing analytical methods and license procedures for interconnected and virtualized
measuringystemsthesimulationcanbeof complexmeasuringystemgsuchasopticalform-
measuring techniques or coordinate metrology) for the planning and analysis of experiments.

3.1 Digital calibration certificate DCC

Just like a classic calibration certificate, a digital DCC contains the results of the calibration.
The DCC can also be supplemented with additional information, such as different types of
results.

DCCsaresubjecto therequirementsf thequality managemergtandardEN ISO 17025:2017.
According to [3], these include:

a. Requirement: a DCC mustbe machinereadable.

b. Requiremeng: a DCC musbetraceable directlypr indirectlyto thenationalstandards.
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c. Requiremen8: aDCC mustconstituteproof of metrologicaltraceability.

d. Requirement 4: a DCC may include numerical calibration curves (or any other additional
calibration evaluation information).

e. Requirement 5: a DCC must use cryptographic signatures as security procedures to
guarantee a. integrity; b. authenticity; (and, if needed, c. confidentiality) of the calibration
certificate.

Usecasesand stakeholders

There could be many new usases for the usage of DCC, especially in the new emerging
technologiesandapplicationsMeanwhile the mostcommonusecaseghatarecurrentlybeing
practicedareshownin Fig.2. Thisintroduceghecurrentlycommonlyusedusecasesndshows

the entities involved for each use case scenario. Basically, there are three main use cases [4]
that correspond to calibrating devices, issuing a certificate, using certificates and verifying
certificates

a. Usecasel: Calibrate& IssueCertificate

After production the manufacturecalibratesanddeliversthe devicewith manualghat
describe the recommended operational conditions and calibration intervrals. Ideally, a
device remains in operation until the calibration due date is reached according to the
manufacturer recommendations or until the current calibration certificate expires.
Sometimes, a device may need some extra calibrations in addition to those regularly
scheduledf it encountersomeharshconditiongenvironmentabr operationalprwhen

it breaks down such that some major repairs or maintenance are required.

b. Usecase2: UseCertificate

When the device enters into operation, operators should have read access to the
calibrationcertificatein two situationsFirst,theyneedo beableto applyanynecessary
correctivevalues;secondtheyneedto performdeviceinventorymanagemerdctivities

that are dependent on calibration schedules and calibration status.

c. Usecase 3: VerifyCertificate:

Another important usease is when quality assessors or accreditation auditors ask for
information about a device and its calibration status. A less frequeitiagseoccurs
when a used device is listed for sale by its current owner where potential buyers may
ask for a calibration history, i.e., several calibration certificates dating back.
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3.2 The benefitsand challengesof DCC

DCC changeshestatusquoof paperby introducingmachine readablaligital certificates.This
meangheDCC canbeeasilyaccesseth arepeatabl@ndnon-errorproneway andinformation
can be transferred automatically in digital format. [5]

Thebenefits includg5]:

a. Easierdata analysiandthe creationof digital twins

With a DCC, all calibration and instrument data is in a digital format. This enables the
process industry to create models using manufacturing and process data including
measurement error. These models are digital representations of physical assets, like those
foundin manufacturingplants,calleddigital twins. A digital twin is anexactdigital replica

of a process, which can be tested and analyzed to find efficéantgafety improvements.
Theprocessanbealteredin asafedigital environmentpnly rolling outchangesn thereal
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world once they have been proven worthwhile in the digitaliteshich will be key to
building the factories of the future.

. Supportfor digital transformation

As discussec@arlier,manyplayersin the processndustryhavealreadystartedransforming

their internal operations into being digital, for example by using a completely digitized
calibrationsolutionwith acentralmanagemergystemA DCCwould allow contractorsand
independentaboratories tdoe easilyconnectedo this system, and altertificateswould be

in digital formati enabling analysis, digital traceability, and smarter decisions.

. Standardizedatacreation

A DCC requires a consistent approach to data entry to make it work. Now in the process
industry, different players mayse different terminology. Havirg DCC would harmonize
terminology and data in a certificate, making comparisons easier.

. Efficient and easynanagemenf calibrationreferencesndinstrumentdevices

Currently,mostreferencesndinstrumeniataarein isolatedsystemsandexchangedising
manual papebased methods. It can take days to draw map a trend for just a single
instrument by manually searching through binders and collating the data. Obviously, this
becomesinsustainablevhenscaledup to thekindsof numberausedby majorplayersin the
process industry, who have thousands of devices. When everighdigital, searching for

data about a specific process or even instrument becomes easy and quick.

. Enablepreventivemaintenance

Digitalizationenablegrue preventivemaintenancensteadof checkinginstrumentstfixed
intervals, they only need to be checked when an alert is issued by the instrument itself that
something might potentially be wrong. This enables a-beded data approach to
maintenance and calibration.

. Increasedraceabilityfor calibrations

When all data are available on demand through a digital search, finding calibration data
becomes easier and quicker. This is especially helpful for audits and replaces inefficient
paperbased and resourdetensive processes.

. Cybersecurity

It is importantto notethatsecurityis a keyissue foraDCC, which meanghereneedgo be
arobustmethodto provetheauthenticityof dataandensurats integrity. As digital datacan

be easily copied and transferred, this necessitates the use of cryptographic protection.
Securityis not the core business of marfythe players in the process industryof NMIs,

which is why the ongoing DCC initiative is cooperating with security experts.
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Conclusion

The digitalization of metrology is not just a trend, but a necessity in modern industries. The
transition from classic calibration certificates to digital ones will make life easier for all those
involved in metrology. Whether it is calibration laboratories, which will not have to print
severapaperdor eachcalibration,or enduserswhowill beableto applythecalibrationresults
directly into practice moreasily. It is preciselyhis easieapplication in practicéhat requires
machinereadabilityfrom theDCC andseverabtheraspectshatmakeit differentfrom aclassic
certificate.

When considering digitalization, DCC immediately comes to mind, but digitalization is more
thanthis. Thereareseverabreaghatneedio beaddressed-orexampleareasvheremeasuring
instruments producalargevolumeof datathat is processed aclassicway. Communication
between individual measuring instruments is also important when considering a system of
measuring instruments or communication between measuring instruments and functional
elements, such as a robotic arm.
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Fundamentals of PEM fuel cells
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reakcie, Matlab, Simscape Electrical Toolbox.

Abstract

The article focuses on the fundamentals of PEM (Proton Exchange Membrane) fuel cells,
providinga detailed overview of their operation and ledgctrochemical reactions that enable

the conversion of chemical energy into electrical energy. It thoroughly examines the main
categories affecting their performance, such as thermodynamic principles, electrochemical
reactions, and their impact on the overall system efficiency. The work also delves into the
modeling of PEM fuel cells, describing selected models implemented in the MATLAB
environment using the Simscape Electrical Toolbox. The article emphasizes an overview of
available models and simulation methods without prioritizing experimental validation or the
development of new solutions. However, it does provide a comprehensive perspective on the
fundamental principles and tools that can be utilized in working with PEM fuel cells.

Keywords: PEM fuel cell, modeling, thermodynamics, electrochemical reactions, Matlab,
Simscape Electrical Toolbox.
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1 Introduction

TheProtonExchangeMembrandg-uelCell (PEM FC)is themostcommonchoicefor power
generation due to its lotemperature operation, fast stapg and shutdown capabilities,
compact design, and versatility in various applications. These attributes make PEM fuel cells
particularlysuitablefor transportatiorsystemsportablepowerdevices andresidentialenergy
solutionsoffering a balanceof efficiency, reliability, andadaptabilitycomparedo othertypes
of fuel cells. Foithe furtheradvancement afesearch and development of PEM fuel cells, it is
essential to understand their fundamental principles as described in this article.

Simulation models play a crucial role in this process, providing valuable insights into the
electrochemical processes and system behavior, thereby facilitating a deeper understanding of
PEM fuel cell technology. Models of PEM FC have long been developed and are widely
available Amongthe mostusedmodelsarethosefrom the Simscapetlectrical Toolbox inthe
MATLAB environment. This articlgrovides an overviewf how thesemodels arautilized in
existingresearch. As thegre extensivelgmployed in research and development, thiésr a
robust platform for both theoretical and practical studies of this technology.
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Figure 1: PEM FC stackreactiong5]

6 Fundamentalprinciples of PEM fuel cells

In aPEMfuel cell, hydrogenH2) enterghecell throughtheanoddlow pathandundergoes
an electrochemical reaction at the anatimmbrane interface, as shown in the reaction [12]:

H20 20 + 2Q 1)

The electrons are drawn to conductive materials and travel to the load when required.
Simultaneously, the oxidant O2 is reduced at the cathwetabrane catalyst interface in the
reaction [12]:

20 + 2Q + 0,502 0 QU @)

Oxygenreactswith protonsandelectronsformingwaterandreleasingheat.Boththeanode
and cathode are equipped with a catalyst to accelerate the electrochemical processes, as
illustrated in Figure 1. The overall reaction is defined as [12]:

H2+0,5020 Q0 + Q& 'Q®d &AM o (3)

Here are the fundamental equations describing the operating principle of a PEM fuel cell.
Basic performance calculations of PEM fuel cells and fundamental thermodynamic principles
will be presented when describing models from the Simscape Electrical Toolbox.

7 Overview - SimscapeElectrical Toolbox modelsof PEM fuel cells

Simscape Electrical Toolbox provides two simulation models, both of which fall into the
category of seraémpirical models. The first available model from the Simscape Electrical
Toolbox is described by the equivalent electrical circuit shown in Figure 2.

This model was utilized by Belyaev et al. [1] to analyze the response of the output
characteristicef a6 kW PEM fuel cell to changesn theoxygenconcentrationn theoxidizing
agent. They concluded that the oxygen concentration could vary from 21% to 99.7% without
entering the critical operating regime of the fuel cell.

Popardovsky et al. [8] employed the model for the development of an Unmanned Ground
Vehicle (UGV), simulating a 1300 W PEM fuel cell in the proposed UGV propulsion system.
Their study concluded that an energy system based on a PEM fuel cell achieved better
performance than lithium batteries in terms of operational time.

The same model was also used by Camacho et al. [2] in the development of a fuel cell
emulatorwhichfacilitatesthetestingandevaluatiorof fuel cellswithoutsignificantlaboratory
investment and without the risk of damage at critical operating points. The article
experimentally demonstrated that the emulator replicates the electrical behavior of the cell in
response to load and temperature variations.
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Rossetti [11] uses the mentioned model to simulate a 500 W fuel cell in a review study
focusedon anoverviewof availablefuel cell modelingstrategiesThe behaviorof the PEMFC
stackwasinvestigatedconsideringts stability andefficiencyunderdifferentconditions.In the
simulation, it was concluded that variable air pressure did not significantly affect fuel
consumption, but strongly impacted efficiency. Critical pressures were determined to ensure
stable operation at 0.8 bar for air and 1.4 bar for the fuel.
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Figure 2: Equivalentelectricalcircuit of fuel cell stackmodel[7]

The simulation model of the fuel cell is designed to simulate its behavior based on the
polarizationcurve.The modelaccountgor changesn pressuretemperaturegompositionand
fuel and airflows, assumingdeal gases, stabletemperaturenaintained by coolingsystem,
optimal humidity ensured by a water management system, and constant cell resistance. It
neglects pressure drops in flow channels, the dynamics of chemical reactions, the effect of
membrangéemperatur@andhumidity oninternalresistanceaswell astheflow of gase®r water
through the membrane. The maximum output power is limited by the fuel and air flow rates.
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When describing the mentioned model, it is necessary to define the constants used in the
following equations. These are described in Table 1.

Table 1: Usedconstantsn Fuel Cell model

Description Constant Value
23
Boltzmanconstant k 1.381*10 [J*K]
34
Planckconstant h 6.626*10 [J*S]
Faradayconstant F 96487[C/mol]
-1 Bk
Gasconstant R 8-314[J*K *mol ]
Standar atmospheric Py 101325[pa]
pressure
Standardemperature | Tsq 273 [K]
Numberof transferred . 2 [_]
electrons

The simulation model is described by the following equations, where Block A in Figure 2
calculates the rates of conversion (utilizatiodf [%]) of hydrogen and oxygen, based on the
volumetric flow rates (V [I/min]), composition (x, y, w [%]), pressure of both gases (P [bar]),
temperaturéT [K]), numberof cells(N [units]) andcurrent(l [A]). The60000constantomes
from the conversion from the I/min flow rate used in the model ¥s 1 I/min = 1/60000

m/s).

e — @ Tt T VATY02'Q

ya 0V th 6" W00 @an)EW )
e — VARG 20

Y@ URALE S (5)

@00 R P n)Ed
The calculation of reactant utilization is used to calculate the partial pressures of reactants
and water vapor:

00,= (1 "Y'@)za* 0w oa (6)
05,= (1 "Y'8)2 07 0ol 7)
Ogp = (0 + 2262 "Y'R) 2 Do ai (8)

The Nernst voltage @E[V]) is calculated using the partial pressures of the reactants, and
above 100 °C, we must also account for the partial pressure of water vapor.

0 =1.229+ ('Y 298)z ¥4 Y . t”""f”””—z) Ho 100 °8 )
| ®0 @O fop

0 = 1.229+ (Y 298)z “®+ Y za zim—) && 100°6 (10)
; o o @ o
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In BlocksB andC, the opencircuit voltage(Eoc [V]), theslopeof the Tafel slope(A), and
the exchange current (i0 [A]) are calculated, wheteiKthe voltage constant at nominal
conditions of operation] , U is the char]lge oG ains ftelre coled If ¢
free energy [J/mol] and d#n i S Il nternal resistivity [q]. T
polarization curve and are essential for calculating individual voltage losses and subsequently
the voltage of the PEM fuel cell.

O=®s Yooo ¥a (11)

0=Qs U2AZQ .«:?23 Yea 2°Q (12)

O= (0s2'Q) U7 za¢ ©

0= (0s2Q @O | Feul Eg iy o0 @ C 0 3
Yz Q

Thesecondhvailablemodelis morecomplex,additionallyincludingbalanceof-plant(BoP)
components such as air compressors, humidifiers, hydrogen recirculation paths, cooling
systems, and water management, as shown in Figure 3.
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Figure 3: Block schemeof fuel cell model[3]

Hamzah et al. [3] used this model for the design and analysis of an 80 kW PEM fuel cell
systenmbasednthedefinedrequirements thearticle.In theanalysistheyusedall threetypes
of load cycles that the model allows as drive cycle, step, and ramp option.

Honget al. [4] utilized the model to obtain stochastic conditions and voltage outputs, with
voltagechoserasthe healthindicatorfor thefuel cell. Thesedataarethenusedastrainingdata
for a neural network tasked with predicting the health state of the fuel cells.
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Rokaya et al. [10] used a simulation model to explore the potential of fuel cells, from the
perspective of energy productibmchydrogen consumption ratio, for electricity generation
from green hydrogen. The fuel cells in article are intended to serve-ggfources during
blackouts in Nepal to replace fossil fuel generators.

Block MEA (Membrane Electrode Assembly) in Figure 3 is described in the following
equations. By assuming the gases are ideal, the activities (a) of the gases are equal to their
partial pressures, and the activity of the water phase is equal to unity. The molar fraction of
each gas is denoted by-y. [

o U 0 Q&

G, =y 2 500 (12)
(14 Gd)" 1

Gy, = yo2 * 522 (12)
Wo,5 = Y@ Z W (13)

Nernstpotentialin this modelis calculatedusingthefollowing equationwhereGhzois the
Gibbs free energy of water [kJ/mol].
o (14)

0 ="+ g
v ¢ ¢ 70 s

In contrast to the previous model, concentration losses are also assumed in the calculation
of the fuel cell voltage (Figure 4). In this equatianisithe limiting current [A], hemis the
membrane temperature [K], and?d is the el ect

T:25:= Reversible cell potential of 1.2 V

0 =
g Activation polarization dominated region
T i
S5 0.75 Ohmic polarization
° dominated region
o
°
OB e e e e i e IR e e |
Concentration polarization
dominated region
0.25 4

I | | l
0 0.25 0.50 0.75 1.00 1.25

Current Density (A/cm?)

Figure 4: Generalizegolarizationcurvefor aPEMfuel cell [12]
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0= Yoo ¥a Yoe: (15)
0=0Q 0° |n(°’f) Yew 2 Bau yz_20 g 290t osa®  (16)
y y YZY B & a Yo Bow &

0=Q g7 In (B¢ L2tgo, glzafl 22f (17)

Themodel also calculates the enefgptancean thefollowing way:
O0s &al ok 6ok Bok0s0a (18)

This expression represents the electrical enprggiuced bythe fuel cells. To calculate it,
one needs the number of cellssNunits], the voltage ¥ [V], the current dei [A/cm?], and
the cell area & [cm?].

Ooai i ofdteae Doand (19)

Next expression represents the energy lost in the system. The difference between the total

energy gain R:[kW] and the electrical energy. & [kW] gives the dissipated powetiRpated
[KW].

U 03 Ui oF VooaisathVoi o i (20)

The net energy gain in the fuel cell, denoted RglV], consists othe energygenerated
by thereactionPx, [KW], theenergygainfrom standardemperaturadjustment®geia_stdkW],
and the energy gain from water transpad.&§kW]. This is calculated using mass flow rates,
where M is the molar mass of the reactants [g/mol].

Uy = @d&&,f@gdwz 22)
a — BIVe IO IY a0 (23)
@0 <0

8 Conclusion

In thiswork, we focusedon anoverviewof thebasicprinciplesof PEM fuel cell operation,
connecting these principles with available models from the Simscape Electrical Toolbox.
However,a detaileddescriptionof the operationof thesemodelsrequiresfurtherstudyto fully
understandheir specificsandpotentialapplicationsgn variousfields. A deepetinsightinto the
use of first described model for fuel cells, as a backup power stgrgdyoduction processes,
we provide in article AFuel cells as backup
byOn d r eagtal.[6]kAadetaileddescriptionof theoperatiorof thefirst PEM fuel cell model
we provide in the article "Hydrogen fuel cell system modelling approaches" [9].

In addition, in this article, we conducted a review of the use of these models in other
publicationswhich allowedusto gaina broadeperspectiveon their applicatiorandpotential
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directions for future research in the field of fuel cells and their simulation. We concluded that
amorecomplex modeWwith BoP componentss primarily usedin modelinghigh-performance
PEM fuel cells, whose power typically ranges in the tens of kW.
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The environmental impact of modern electric motors usedin passenger

cars, with a specific focus on CO2 emissions
Norbert K& | er

Abstract

This publication analyzes the environmental impact of modern electric motors used in
passengerars,with aparticularfocuson CO2emissionsThestudyconcentratesn Permanent
MagnetSynchronoustotors(PMSM)andAsynchronousMotors(ASM), whicharecommonly

used electric motors in electric vehicles. The analysis includes a technical overview of these
motors and assesses the CO2 emissions associated with their components, particularly during
the manufacturing process. Key findings indicate that the PMSM, despite being smaller and
lighter, has a significant environmental impact primarily due to the use of rare earth magnets
and copper in hairpin windings. These components contribute nearly 77% to the total CO2
emissions of the PMSM. Conversely, the ASM, although larger and heavier, produces lower
CO2 emissions per kilogram, per kilowatt (both peak and continuous), but has a higher CO2
impactperunit of torque.Thestudyemphasizetheimportanceof usingrecycledmaterialsand

greener manufacturing processes to reduce the environmental impact of electric motors.
Furthermoreit suggestshatdespited®PMSMsbeingmoreefficientin someaspectsASMscould

be a more sustainable option overall due to their lower CO2 emissions in key performance
metrics. The conclusion underscores the need for ongoing environmental assessments of
electric motors to enhance the sustainability of future automotive technologies.

Key words: electricmotor,emissionssustainability magnetsCO2
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1 Introduction

Thiswork analyzegheenvironmentaimpactof modernelectricmotorsusedin passengerars,

with a specific focus on CO2 emissions.

The first two chapters are dedicated to technical descriptions of the electric drive to better
understandas backgroundThetwo mainelectricmotorsusedin electriccarsareanalyzedThe
permanent magnet synchronous motor (PMSM) and the asynchronous motor (ASM) are the
mostwidely usedelectricmotors,thereforetheanalysiswill beconcentrate@nly onthesetwo
motors.Of coursethe marketalsoprovidesseparatelexcitedelectricmotors buttheir current

market share is lower. Currently mainly BMW is using this type of electric motor, whereas
other large car manufacturers are using mainly PMSM and ASM.

To analyze the CO2 impact of the selected electric motors several calculations must be made.
One is examining the amount of CO2 in kilograms (kg) associated with raw materials of each
electric motor. This analysis excludes the energy used for components production and final
assembly, as that can be reducedi®ing green energgsources. Further analysis represents

the percentual impact of individual components on the final CO2 value for PMSM and ASM.
This analysis aims to identify which components of the electric motor have the highest CO2
emissions. By targeting these higthpact components for reduction, we can achieve a faster
and more significant decrease in overall CO2 emissions compared to focusing on components
that contribute less. And the final analysis should compare the environmental impact between
PMSM and ASM by applying key performance indicators.

Thefinal partof thisresearclsummarizesheresults drawsaconclusiorandofferssuggestions

for further development.

2 Description of the electric drive

Eachmodernelectriccarrequiresanelectricdrive forits movementWhencomparedvith
internal combustion engines used in current automobiles it is a different drivetrain. In this
chaptetthemain componentsf amodernelectricdrive, alsocalled EAxle, aredescribed.

2.1 Electric motor

Its main purpose is to convert electric energy into mechanical energy. The mechanical
energyis createdoy anelectromagnetifield generatedn a statorwhich generateorcein
theform of torqueand isappliedon arotor. Themaincomponent®f an electrianotorare

the rotor and the stator. During the assembly of an electric drive the stator and rotor are
mounted separately. The input for the stator is electric cables from power electronics and
the output on the rotor is a gear which is part of a reducer (see Fig. 1).
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2.2 Power electronic

Its purpose is to supply the required electric energy from the battery to the stator of the
electricmotorandvice versa.Thebatterysupplieshepowerelectronicswvith directcurrent.

An electric motor requires an alternating thpdase current, therefore power electronics

are used to convert the current. In the case of recuperation (charging batteries by braking
thevehiclewith anelectricmotoralsocalledgeneratomode)thewholeprocesss reversed.

The stator of an electric motor generates an alternating-pivase current which power
electronics convert into a oiphase direct current and charges the battery. Power
electronics consist of several electronic chips.

2.3Cables

These transfer the current between the battery and the electric motor through power
electronics.

2.4Reducer

This reduces the rotational speed of an electric motor. The rotor of an electric motor can
rotate20 000RPM. Theadvantag®f suchhigh RPM is higherpowerof theelectricmotor,
thedisadvantagés the excessivaotationalspeedon the wheels. Therefore js necessaryo
reducetherotationalspeedIt is comparabléo the gearboxn the ICE carbutin this caseit

has only two sets of gears.

2.5 Differential

The differential splits revolutions from the reducer between the wheels allowing them to
spin at different speeds. This is necessary during cornering where the outer wheel on the
turningradius must spin mudasterthan theinnerwheel, which is closeto themiddle of

the turning radius.

2.6Housing

Thehousings usedto hold all thenecessargomponentgelectricmotor,powerelectronics,
reducerdifferentialandotherparts)andto connectheelectricdrive with thechassi®of the
car.

System

Electric motor

Power electronics

Figure 1: Electricdrive
Source:ZF Slovakiaa.s.

Reducer

Differential <
\
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All thesecomponents are part tife electriadrive andareusedin modernelectriccars.

3 Typesof electric motors usedin electric drives

In the electric drives only AC motors (Alternating current motors) are used and more
specifically threephase AC motors. In this work only permanently excited synchronous
motor and asynchronous motor with the cage runner are considered.

3.1Permanently excited synchronousmotor (PMSM)

Thestatorhasathreephasewninding which generates rotatingmagnetidield madeby the
current flow. The rotor copies the magnetic field generated on a stator without any slip
basedn apermanentlexcitedmagnetidield (createdoy magnets)No slip meanghatthe
rotorrevolutionsareequalto therevolutionsof themagnetidield onastatorthereforehese
motors are called synchronous.

Stator components(seeFig. 2):

Stator carriei made from aluminum and used to fix the stator components to the
electric drive and to provide cooling through cooling channels.

Lamination stack$ highly electrically conductive steel, which helps to spread the
magnetic field. It consists of 500 to 800 thin steel sheets (thicknegs35 mm),
which are connected by welding, glue or with interlocks.

Insulation papei a safety measure to prevent short circuit between the winding and
lamination stacks.

Hairpini it is aspeciawinding from cooper.Thecrosssectionof thewire is rectangular
instead of circular. The reason for using a rectangle is its better filling factor in the
lamination stack space.

Circuitry assemblyi used to connect three phases from the power electronics to the
hairpin winding.

Nosi¢ statora
Stator carrier

Laminaéné plechy
Lamination stack Izolaény. papier
Insulation paper

-.Havirpint_;vé.dr&ty o
Hairpins

Svorkovnica
Circuitry Assy

Figure 2: Statorcomponents
SourceZF Slovakiaa.s.

Rotor components(seeFig. 3):
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- Rotor shaftt made from steel, depending on applications it can be tubular or solid. Its
mainfunctionis to transmitgeneratedorqueontherotorthroughthegearto thereducer.

It also creates precise positioniagd guidance of the rotor through the bearings in the
housing. In the tubular application an additional cooling function can be applied.

- Laminationstacks like on astatortheseareactivepartsof therotor. Theassemblyon
therotor shaftis createdby usingapressfit betweerthelaminationstacksandtheshatft.

To preventradialturning betweerthoseparts,the laminationstackshaveteeth,andthe
shafthas groovesThelaminationstacksareturnedbetween eachther at a predefined
angle, it is done to reduce torque ripple. Torque ripple creates noise, vibration and
harshness (NVH) problems, therefore it is crucial to reduce it even if the efficiency of
the system is decreased.

- Magnetsi The shape and length of the magnets defines magnetic volume around the
rotor. They are heat sensitive; higher heat can reduce or completely eliminate the
magnetism. Fixing to the lamination stack is done by gluing, injection molding or
mechanically.

- Balancing disc$ Rotors have high requirements on residual unbalance, it must be as
low as possible. For example, for rotor which has around 9 kg the maximal residual
unbalance must be under 30 gmm. There are two, one on each side. In Fig. 3 you can
see negative balancing where, to provide the required balance of the rotor, holes are
drilled into the balancingdiscs.The materialof thesediscscannotbe magnetictherefore
austenitic steel is used.

- PresgingTits aim is to axiallyfix lamination stacks and balancidgscs inplace.

- Fortherotor positionsensor In PMSMit is crucialto know the exactrotor positionto
startthe right magnetizatiorandpolarizationof the stator,otherwiseit can happerhat
therotorwill notstartrotating,thereforeapositionsensomustbemountecontheshatt.

Lisovaci krizok
Pressring  Laminaéné plechy
Lamination stack

Hriadel’ rotora
Rotor shaft Snimac polohy rotora
Rotor position sensor

Vyvajovacikotdé _____—————

A 4 | Balancing disc
Figure 3: Rotorcomponents
Source:ZF Slovakiaa.s.

3.2Asynchronousmotor (ASM)

The stator has a three phase winding which generates a rotating magnetic field made by
current flow, the same principle as in the PMSM machines (see Fig. 2). The rotating
magnetic field on the stator induces current on a cage. The cage can be seen also as a
winding but on the rotor and not from copper but from aluminum. Interaction between the
stator and rotor creates torque on the rotor. The rotor doesn’t copy the magnetic field
rotationgeneratean the stator which meanst operatesvith a certainslip. Slip meanghat
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the rotor revolutionsare not equalto the revolutionsof the magneticfield on the stator

therefore these motors are called asynchronous.

The stator can be used the same way as in PMSM machines (see Fig. 2). Therefore, only

the rotor is described.

Rotor (Fig. 4):

- Shafti thesamefunctionas inPMSM (seechapter3.1).

- Laminationstacks thesamefunction asn PMSM (seechapter3.1).

- Cagei insteadof magnetplacedin the holesof laminationstacks ASM machinesise
aluminum whichis aroundthe wholelaminationstacksfilling theholesandcreatinga
cage. This process of filling aluminum into lamination stacks is called injection
molding.

- Rotor speed sensorin this application instead of the position it is necessary to know
the speed. It is based on the operating principle of the ASM machines described in the
beginning of this chapter. On the shaft a simple gear with several teeth is pressed. The
speed sensor is mounted on the stator or housing. For safety reasons two sensors are
always used.

Hriadel' rotora
Rotor shaft

77 <=

—

ST e
J — |
LN\ \/ e — ]
) Klietka Laminacné plechy Snimac otacok
< Cage Lamination stack RPM/Speed sensor
> 1
Y i

Figure 4: Rotorcomponent$or ASM
SourceZF Slovakiaa.s.

3.3 Performancecharacteristic of electric motors

Graph 1 represents the performance characteristic of a permanent magnet synchronous
machine. It consists of speed [RPM] dependence on torque [Nm] and power [kW] in two
different scenarios.

3.3.1Continual performance

Continualpowerandtorquemeanthattheelectricmotorcanprovidecontinualperformance
without any risk of overheating. Continual performance is marked by a dotted line (see
Graph 1).
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3.3.2Peakperformance

Peak power and torque mean that the electric motor can provide maximal performance
limited period of time to avoid anysk of overheating. Usuallyn the automotive industry

is maximalperformancdimited betweertento thirty secondsPeakperformances marked

by a solid line (see Graph 1).
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Graph 1: Performancgarametersf PMSM
SourceZF Slovakiaa.s.

Tab. 1 provides parameters of the analyzed electric motors. Each electric motor has a
different size and performance. In order to provide proper analysis, the sustainability will
be defined bkey performance indicators which brings transparantty these deviations.

PermanentMagnet SynchronousMotor AsynchronousMotor

80

35 80
670 375
24 62,5

Table 1: Performanc@arametersf analyzecelectricmotors
SourceZF Slovakiaa.s.

4 CO2 analysisof the selectecelectric motors

The analysis considers various aspects. The objectivés avaluate the status of CO2 in
kilograms for selected electric motors, the percentual impact of individual components on
thefinal CO2valueandestablistkey performanceéndicatorsfor amoreprecisecomparison

of each electric motor in terms of environmental impact.
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Tab. 2 represents the final value of CO2 in kg for the analyzed electric motors. The result
was calculated based on several parameters including:

- Theweightof eachcomponent.

- Kg of CO2value foreach materialvhich the components consadt
Theresultshowsalowervaluekg of CO2for permanenmagnesynchronousnotor.Based

on experience these results don’t corresponds to known information, which is that the
magnetdavea significantimpacton the sustainabilityandCO2 production.Thereforethe

KPIs are required to exclude the difference in weight and performance.

- PermanentMagnet SynchronousMotor AsynchronousMotor
CO2[kg] 108 119,7¢

Table 2: Kg of CO2for analyzecklectricmotors

Source:ZF Slovakiaa.s.

To havebetteroverviewof which componentfavethe greatesimpacton thefinal valueit
is necessary to analyze component by component.

4.1 Percentualimpact of individual componentson thefinal CO2 valuefor PMSM

To better understand the value of CO2 in Tab. 2 deeper analysis of each component is
necessary. Tab. 3 represent the percentual impact of individual components on the final
CO2 value for PMSM.

Analysis of the rotor shows the largest CO2 contributor are magnets with 85% impact if
only rotor parts are considered and 54,38 % impact if the whole PMSM is considered.
Analysisof the statorshowsthelargestCO2 contributorarehairpinwindingswith 62,62%

impact if only stator parts are considered and 22,6 % impact if the whole PMSM is
considered. These parts together represent almost 77 % CO2 contribution for the entire
PMSM.
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Assembly PMSM per
Part Name CO2 [%] Total CO2 [kq]
CO2 [%] part CO2 [%]

- Input Shaft 7,70 4,92
[

Discs 2,79 1,79
PresRing 0,31 0,20

Rotor 63,91
RotorPositionSensor 0,07 0,04
LaminationStack 4,04 2,58 108
Magnets 85,09 54,38
StatorCarrier 22,29 8,04
LaminationStack 13,13 4,74

Stator — 36,09
HairpinsAssy 62,62 22,60
Circuitry Assy 1,96 0,71

Table 3: Percentualmpactof individual componententhefinal CO2valuefor PMSM

Source:ZF Slovakiaa.s.

Rest 0,38% Rest 0,95%

Rotor PMSM Stator PMSM

Figure 6: Percentualmpactof individual componentsnthefinal CO2valuefor PMSM

Source:ZF Slovakiaa.s.

4.2 Percentualimpact of individual componentson the final CO2 value for ASM

To better understand the value of CO2 in Tab. 2 deeper analysis of each component is
necessary. Tab. 3 represents the percentual impact of individual components on the final
CO2 value for ASM.

Analysis of the rotoshowsthe largest CO2 contribut@s the cage with 50,03 $mpact if

only rotor parts are considered and 14,92 % impact if the whole ASM is considered.
Analysisof the statorshowsthelargestCO2 contributorarehairpinwindingswith 54,77%

impact if only stator parts are considered and 38,43 % impact if the whole ASM is
consideredAdditionally in thestatorthereis anothesignificantCO2 contributor:the stator

carrier, with 26,68 % impact if only stator parts are considered and 18,73 % impact if the
wholeASM is consideredT hesepartstogetherepresenmorethan72 % CO2contribution

for the entire ASM.
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Assembly ASM per part Total CO2
Part Name CO2 [%]
CO2[%] CO2 [%] [ka]
InputShaft 20,19 6,02
)¢ LaminationStack 29,78 8,88 29,83
Cage 50,03 14,92
StatorCarrier 26,68 18,73 119,75
LaminationStack 17,72 12,44
Stator o 70,17
HairpinsAssy 54,77 38,43

Circuitry Assy 0,83 0,58

Table 4: Percentuaimpactof individual componentsnthefinal CO2valuefor ASM

SourceZF Slovakiaa.s.

Rest 0,95% Rest 0,95%

Kt

Rotor ASM Stator ASM

Figure 7: Percentualmpactof individual component®nthefinal CO2valuefor ASM
SourceZF Slovakiaa.s.

4.3Key performance indicators

To compare which electric motor has a great CO2 impact it is necessary to create key
performance indicators (KPIs). Each electric motor has a different size and performance
parameters and therefore these KPIs will add transparency to the analysis.

4.3.1C0O2kglkg

CO2 kg/kg represents how makg of CO2 is in one kg of an electric motor (see Tab. 5).
Thevaluefor PMSMis 4,5 CO2kg/kgandfor ASM is 1,92C0O2kg/kg. Theresultsshows
that ASM emits 57 % of CO2 kg/kg, which is less in comparison to PMSM.

4.3.2C0O2kg/kW peak.

CO2kg/kW peak.representbiowmanykg of CO2is in onekW of anelectricmotorduring

peak performance (see Tab. 5). The value for PMSM is 1,35 CO2 kg/kW peak. and for
ASM it is 0,8 CO2 kg/kW peak.. The results shows that ASM emits 41 % of CO2 kg/kW
peak., which is less in comparison to PMSM.
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4.3.3C0O2kg/kW cont.

CO2kg/kW cont.representiow manykg of CO2is in onekW of anelectricmotorduring
continuous performance (see Tab. 5). The value for PMSM is 3,09 CO2 kg/kW cont. and
for ASM it is 1,5CO2kg/kW cont..TheresultsshowsthatASM emits51 % of CO2kg/kW

cont., which is less in comparison to PMSM.

4.3.4C0O2kg/Nm

CO2 kg/Nm represents how many kg of CO2 is in one Nm of an electric motor during
continuous performance (see Tab. 5). The value for PMSM is 0,16 CO2 kg/Nm and for
ASM is 0,32C0O2kg/Nm. TheresultsshowsthatASM emits100% of CO2kg/Nm, which

is more in comparison to PMSM.

PMSM delta PMSM vsASM
CO2 kg/kg 4,50 1,92 57 less
1,35 0,80 41less

CO2kg/kW cont. 3,09 1,50 51less
CO2kg/Nm 0,16 0,32 100more

Table 5: Key performancendicatorsto compareCO2impactbetweerPMSM andASM

Source:ZF Slovakiaa.s.

5 Conclusion

The theoretical basics are described in the chapter 2 and chapter 3, which give a sufficient
overview of the analyzed components.

Chapter 4 analyzes the CO2 impact of the electric motors. Tab. 2 shows better values of
CO2 in kg for PMSM rather than ASM, which leads to the incorrect conclusion that the
ASM has higher environmental impact than PMSM. Therefore, further analysis was made
which shows the reality. Tab. 3 provides the largest contributors to CO2 for PMSM and
Tab. 4 provides the largest contributors to CO2 in ASM.

Theresultsfor PMSM showthatthe largestCO2 contributorsaremagnets, witta 54,38%
impactandhairpinwindings,with 22,6% impactthis meanghatthesetwo partsalonehave
analmost77 % impactonthefinal CO2.Magnetsareusingrearearthmaterialsandmining
therecreategyreat environmentalamagethe samechallengdies in hairpinwinding from

copper material.

The results for ASM show that the greates CO2 contributors are hairpin windings, with a
38,43 % impact, the stator carrier, with a 18,73 % impact and the cage, with a 14,92 %
impact. This means that these three parts alone have more than a 72 % impact on the final
CO2.Thestatorcarrierandthe cageusealuminummaterialandmining thesecreates great
environmental damage; the same challenge lies in hairpin winding from copper material.
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By defining key performance indicators it is obvious how great environmental impact of
permanentnagnesynchronousnotorsis in comparisorto asynchronousotors.Theonly

KPI which is in favor to PMSM is CO2 kg/Nm otherwise all othreticators show around

40 % to 50 % lower CO2 impact on the environment.

Generally everynewly developedtlectricmotorwill haveto beanalyzednits CO2impact

and byusing recycled materials and purchasing raw materials from greener mines we will
support the reduction of the CO2 impact for these products and contribute to make
automobiles greener with lower CO2 impact.

| would liketo also mention that each suppleamn havelifferent CO2valuesfor their raw
material based on many factors, additionally each electric motor can have a different
materialcompositionTheseresultscanthereforebe considerecsexampleTo sumup, the

largest contributors correspond with the global research in this field.
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Challengesin Implementation, Planning and Operation of Flexible

Manufacturing Systems

Mazin Abdallah
Abstract

Facedwith theglobalchallenge®f themarketdemandsn termsof productuncertainty and
adaptability to rapid changes into delivering customised products, Flexible Manufacturing
Systems (FMS) have helped to protect manufacturing organisations to overcome these
worldwide issues. Hence, it is important for FMS to fit the dynamic features of the market.
For the purposes of the study, we focus on industry 4.0 technologies, or what is called
exponential technologies, the introduction of which has boosted the flexddilihe whole
production system. Examples of these technologies include: the Internet of Things (loT),
Artificial Intelligence (Al), 3D Printing, Computer Clouding, advanced robotics and
simulation.However theimplementationpperatiorandplanningof FMS haveencountered
variouschallenges. Implementati@ndplanning challenges cdre categorisethto design,
planning, scheduling, communication and control challenges. This review analysis is based
on previousliteraturereviewsandstudiedo highlightthekey FMS challengesin the context

of industry 4.0 & 5.0. The study spotlights the categorised implementation and planning
flexibility challenges, and how they intersect with vital issues such as resource allocation,
system configuration, advanced technological integration, decision makthgncertainty,
communicatiormprotocolandcontrol. Thefindingsof thisreviewareimplementedo optimise

Drive 4.0 project, which is developed by the Faculty of Mechanical Engineering at Slovak
Technical University, mainly to ensure robust interoperability and effective data
management. In addition, this study serves as a foundation to industry experts in the
implementation of FMS.

Keywords: Flexible ManufacturingSystemgFMS); ExponentialTechnologiesFlexibility
Challenges; Review Analysis; Interoperability.

1. Introduction

In the past,massproductionwasthe predominantnanufacturingechnologyto producevast
volumes of similar products, assuming that market demands were steady, foreseeable and
less diversgBeach, 2000)However, customised products are becoming a market trend
nowadays, and this alteration has brought many challenges to manufacturing companies to
overcomeheissueof adaptabilityanduncertainty(Maarof, 2022). Therefore FMS havebeen

an issue element of this new millennium which tackled the matter of product customisation
with the least human intervention, and by its capability to adjust to market demands and
product desigiiBatra, 2018)

FMS can be described as an integrated, comyooterolled, complicated construction of
automated material management utilities and computer numerically controlled (CNC)
machines thatanoperatea smallvolumeof avarietyof part typesat oneinstanceln other
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words, a system that can manufacture a broad range of products by conjoining multiple
programmablesystemdinked by anautomatednaterialmanagemergystemMishra, 2018).
Moreover, FMSs go beyond computer numerically controlled (CNC) machines, integrating
backing equipment like Automated Guided Vehicles (AGVs), and Automatic Storage and
Retrieval Systems (AS & RYPiop, 2024) In addition, this also merges with what are
known as exponential technologies, such as: the Internet of Things (IoT), 3D printing,
Advanced Robotics, Virtual and Augmented reality, Artificial intelligence, and Simulation
(Bongomin, 2020).This admixture of technologies with FMS expands the production
capacityin termsof customisegroduction reduceghe productionlife cycle,andoptimises

the whole process by forecasting and understanding the behaviour of the complex systems
(Florescu, 2020).

Ontheotherhand therecentransformativerision of industry5.0for Europe whichis defined

by the EuropearcommissionEuropeanuUnion, 2022),targetsahumancoreapproactwhich

puts the workers again at the centre of the production system with alignment to support the
EU greentechnologicatransformationlt introducesa supplementarpotionto industry4.0,
concentratingpn conceptsuchassustainabilityandresilience Sustainabilityin the senseof
maintaining our current needs and ensuring sustainable wellbeing, alongside unintentional
evolutions to the longerm economic, societal and ecological aid of upcoming generations.
While resilience refers to building a more resilient industrial environment; overcoming and
managingunpredictedutureshockghatmightaffectproduction demandandsupply,it also
secures peopl edgPalel, 20248 and | iveli hoods

This review analysis synthesises novel research on the implementation and planning
challenges encountered by FMS, as well as focusing on outlining various exponential
technologiesn amannethatcanenhanceffectivenessndefficiencyof FMS. Furthermore,
findings from this study are implemented to optimise Drive 4.0 project, which is developed
by the Facultyof Mechanical Engineering at Slovak Technical University, mamlgnsure

robust interoperability and effective data management. In addition, this study serves as a
foundation to industry experts in the implementation of FMS.

2. Methodology

This literature review is accomplished by a systemised approach inspired by the studies of
(Batra et al, 2018and(Bongomin et al, 20205ubsequently an extensive literature search

in ascopingmannemwasperformedhroughvirtual libraries:Webof ScienceScienceDirect,
Scopus, Springer, IEEE/IET Electronic Library, IOPSCIENCE, Taylor & Francis, and
Google Scholar without a time limit. The multiscopic search included articles published in
journals, books, patents, and reports covering keywords such as implementation, operation
andplanning challengesf FMS, andexponentiatechnologiesthe mostrelevantstudieswvere
thenselected.

This search approach using the title, keywords, and papers abstracts resulted in 114
documents. After that, 28 documents were excluded from the list of documents due to their
irrelevanceto the context. Furthermore,review analysisas well as studieson quality
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management system and safety of FMS were excluded from the list. Investigating the
challenges of implementing and planning FMS, and its integration with the exponential
technologies is the keyoncept of this study. Eventually, 88cumentsemained following
thefiltration processwhichweredividedinto groupsaccordingo eachchallengescopeand

any exponential technology.

3. Challenges In Implementation, Planning and Operation of Flexible Manufacturing
Systems

Whenadecisionis madeto executd-MS, manychallengesreaddresseth differentaspects,
as described below.

3.1Designproblems

As widely recognized, the number of machines, the capacity of material management
systems, and th&zeand typeof buffers,aretheinitial features which determirtbe design

of an industry(Stecke, 2012Based on this broad idea, a number of design angles can be
tackled, as follows:

Due to the intrinsic stochastic nature of FMS manufacture distinct products with flexibility,
thespecification®of the productso bemanufactureanustbespecifiedin thefirst place. This

will then lead us to decide the functionality and capacity of machine tools required to
accomplish this proceséBatra, 2018) For instance, when FMS & Industry 4.0 are
mentioned, robot technologies are likely to come into the picture. They are widely used in
industrial production as a key tool in modern automation, when we consider that they can
perform awide rangeof applicationy B a r t o g kdustrial®obat grippers, also known

as fiend effectorso, are one of the most i mp
roboticactuator(Zhang,2020).Developmenbf flexible universalgrippersplaysavital role

in meeting the demanding requirements of flexibility, as this universal tool can provide the
robotwith morestableandaccurateapabilitiesallowingit to adapto theuncertaimatureof

the customised productRatil, 2020) (Wang, 2022).

Knowing the types of flexibility is another factor that must be identified and defined in the
design phase, which will determitige degree of flexibilityof the automated machines and
production rangéStockton, 1995)-or example, some types of flexibility, such as machine
flexibility, product flexibility, routing flexibility, and expansion flexibility, can handle
various dependent factors. These may include setup or changeover time, the relationship of
thenewpartdesignto the existingpart,theresemblancef workstationsandtools,andlevel

of manual labour performed in the production respecti(findey, 2016).

Expressing the means of transporting materials between resources (workstations, machines
and workers) is the next aspect that requires identification, which is achieved through the
material handling system, taking into consideration the todfdeetween design flexibility

and cost.(Heragu, 2009).The material handling system can be manifested in three
approaches, fully flexible, restricted, or disabled. In other words, fully flexible means each
resources fully accessiblauringthe productionprocessrom theotherresources, owhen
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equipment and workers are clustered into stations, restricted means material flow and
sequentiatonfigurationof stationswill beimposedor if disabled productionis carriedout

in individual stations where transfer of materials is between equipment and workers in
different stations(Weckenborg, 2023).

Realization of these approaches might be achieved through different types of material
handling devices (MHDsjuchas conveyorspalletizers, robotsautomated guidedehicles

(AGVs), and warehouse material handling devices. How to choose the right means is the
cruci al part at this stage, however, Appl e
equationo to expatiate t hiMaterigd® Move = Methddle e qu a
For example, if a material of a large unit loaded on wooden pallets must mavnetgfs

with some manoeuvring, this might suggest using a forklift as suitable equipment for this
procesgHeragu, 2009).

Anotherpointwhich mustbe considereds the FMS layout. Thelayoutof the FMS critically
influences the overall performance by affecting three main features: productivity, system
usage, and efficienc{C, S., 2013)The optimal selection of the layout determines some
characteristics such as lead time, resource utilization, inventory and queue levels, and the
numberof workstationsyhich paveghewayto successfuFMS applicationgdChang,2015).

On the other hand, poorly implemented layouts can produce inefficiency and worse
productivity, therefore significantattentionmustbe givento FMS designDixit, 2019).For
example, in relation tproductivity, layouts such as loop apen field, haveshownreduced

travel time between workstations, resulting in enhanced productiratyzly, 2017)Also,
implementing a loop design with multiple batches is shown to improve performance and
achieve the goal of higher production raf¢adav, 2019)For instance, in terms of system
utilization, the use of AGVs may be affected by the arrangement of equipment and
workstations. Therefore, the optimum use of AGVs can be attained through the most
appropriate layout combined with proper schedulidAgmad, 2021)Alternatively, layout
impactscycletime by definingtheprocesdlow andmaterialhandling,andcanalsominimize
bottlenecks and streamline processes, resulting in shorter cycleYiadss/, 2019).

The architecture of controlling units, or decentralization specifically, allows the controllers
to execute decisions in retne, which improves the ability to reduce uncertainty
(HernandezMartinez,2015).In addition,decentralizatioencouragebettercommunication
between different components, such as conducting instant observations then sharing
information according to their situations and needs, resulting in improved management and
efficiency (Liukkonen, 2016)Furthermore, decentralization brings a greater degree of
robustness and scalability, or rather more effective handling of breakdowns without major
disruption(Basile, 2018).

3.2Planning problems

Planning problems shape the decisions which must be made for the FMS before
manufacturing begins. Once the FMS is-ggt production can start efficientfyPandey,
2016).
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Furthermoreafterdefiningthegenerabkpecification®f manufactureghroductsn thedesign
phase, the FMS must use a scerbased approach that can make immediate decisions to
adapt to situations of uncertainty, which can disrupt the sched(Hilygsi, 2023).For
example, Vestel Electronics used a flexible/hybrid manufacturing system by proposing a
columnbased heuristic algorithm to handle sudden fluctuations in de(&dyaki, 2023).

Another planning point which needs to be considered is machining time and energy
consumption, hence, predictive models based on historical data can be utilized leading to
better decisionmaking(Chu, 2023)For example, multdbjective algorithms are designed

to reduce execution time and energy consumption, thus enhancing overall eff({€éogcy
2023).

3.3Schedulingproblems

System operation through optimal scheduldlow parts throughout the FMS is the main
concernHowever therearesomeissueghatarefacedat this stagewhich will beaddressed
below: (Pandey, 2016)

Scheduling or modularity of the operation system can affect production performance at
different levels dependingn the complexityf the product and process, includidgferent
aspectsuchasleadtime, frequencyof new productintroductions pn-timeintroduction,and
product innovatior{Vickery, 2015)Consequently, dynamic scheduliogn be employed to
accommodate redime changes in production conditions. A proposed framework has
addressethis problem, whichincludesthree componentsi strategyselector aninteractive
module,andanonline simulator.With this frameworkpropertiessuchascontextdependent
controlrules,accuratecalculationsof job startandendtimes,andtime-constrainedolutions

are ensure@Alvarez, 1996).

3.4Machine loading problems

The machine loading problem is concerned with allocating functions to different resources
such as operators, machines/tools, trolleys, robots, and materials under technological
constraints to meet certgerformanceriteria. Then,theallocationandutilization of these
resources can be complex such that inefficient machine loading leads to underutilization of
resources(Pandey, 2016)For example, a hybrid algorithm optimization approach can be
leveraged to minimize system imbalance and maximize throughput, while simultaneously
meeting available system runtime and tool slot design const(&umsar, 2012).

3.5Communication and Control Problems

Efficiency and productivity can be significantly impacted by communication and control
issues, specifically with the need for advanced technologies to boost systems performance.
Some of these issues can be identified as follows:

Communication protocols: implementation of effective communication protocols which
synchronizedatabetweerdifferentfield equipmentjs anessentiahspecthatmustbetaken
into considerationsuchasProfinetcommunicationink, ModbusTCPprotocolandOPCUA
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(lonescu, 2022)Or as the realime communication between production resources through
the implementation of the Asset Administration Shell (AAS), the bidding process, the
Capability,Skill, andServicemodel(CSSmodel)andOpenPlatformCommunicatiorUnified
Architecture Field eXchange (OPC UA F¥Justmann, 2023, 2024).

Interoperability: with the advancement of technologies the matter of integrating
heterogeneousomponentandserviceds extremelychallengingwvhichleadsto errorduring
dataexchange, hindering operation efficieneid, 2019).Also, can lead to semantic
misunderstandings and operational del®er¢ira, 2020).

SystemControl: continuousmonitoringof the systemandproductionplaysa crucialrole, to
ensurethat productionrequirements armetaccordingto scheduleaswell asto predictand
mitigate any failures before th@gcalate. Therefore, the challenge is to track down failures
suchasinsufficientadaptationbottlenecksvhich canarisedueto humanerrorsor incorrect
configurations(Batra, 2018) For example, a comprehensive information tracking system,
which includesPetrinets,canbe usedto improvetraceabilityandinformationmanagement,
leading to better identification of process inefficiencighang, 2024) In addition,
complexity of the system control is another challenge which arises from the different
productionflow of FMS, coupledwith theconstantdaptatiorof assemblygystemsandother
dynamic conditions, poses an additional challenge. Therefore, an oriented communication
andcontrolsystemarchitecturecanbeintroduced tadealwith this problemandenhancehe
flexibility of FMS (Jung, 2018)

4. Exponential Technologies

4.1 AdvancedRobotics

In a wide range of applications industrial robots and manipulators have replaced human
operatorsaastheycanperformspecifictasks.Accordingto themainapplication possibilities

can be divided into manipulation, technological, universal, and special root8 87r t 0 g a ,
2021).For example, the Humambot collaboration approach is used in assembly lines to
solve balancing problems, with collaborative robots (Cobot) being the primary contribution

as a key decision in Assembly 4Kheirabadi, 2023)

4.2_Simulation

In the global competition towards mass customization, optimizing production systems is a
high priority, so simulation is used to optimize various aspects such as layout, production
sequencing, and even the infrastructure of the production hall is considered. Simulation can
avoidpotentialfailuressuchasbottleneckslost capacity or suboptimalayout(RuizZufiga,
2020)(B6hm,2018).Forinstance ArenaSimulationSoftwareis usedto analyse=MS layout
between three FMS layouts namelylilme, loop ladder and robot centred cell layout, by
evaluating criteria such as the placement of cells within a given boundary and the total
expected travdime betweercells. The spatialcoordinate®f eachcell, its orientationeither
horizontally or vertically, and the location of the loading or unloading point are also
determinedFadzly, 2017).
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4.3Internet of Things (10T)

Along with existing Machingo-Machine (M2M) technology, the Internet of Things (IoT)

has created smart,invisible networkfabric that carbe sensed, controlled and programmed

within industries and allows for horizontal and vertical connectivity either offline or online

(Chase, 2014i Thi ngs o can be el ectronic sensors, a
other objects, such as people and build{iadios, 2018).

The implementation of the Internet of Things, and digital twins which are virtual
representations that accurately reflect the physical manufacturing process, are reshaping
flexible manufacturing. These technologies promise improved monitoring and control
capabilitiesallowing manufacturerso respondnoreeffectivelyto changesn demandLuft,
2023).Moreover, 10T is used in industty detect bottleneck failui@ manufacturing lines
(Rodriguez Aguilar, 2024).

4.43D Printing

This is the technology that builds physical objects based on a 3D CAD file by sequentially
addingmetals alloys, polymers,ceramicsor concreteTheincreasinguseof thistechnology

over traditional techniques is due to several advantages including the manufacture of
complexgeometricshapesvith high precisionmaximummaterialsavingsdesignflexibility

and personal customizati¢gkkharat, 2023).

The emergence of additive manufacturing and advanced materials has opened new avenues
for flexibility in productionespeciallyin thefield of flexible electronic§Espera,2022)(Li,
2022).Also, 3D printing has found its wagto the pharmaceutical industigr example by
enablingclinical trials anddesigningoral drug productsby reducingtime, wasteandresources

in clinical trials, and designing different patiez@ntric druggKapoor, 2021).

4.5 Smart Sensors

This is acombinationof sensingprocessinggndcommunicatiortechnologiesgonsistingof
sensing elements plus computing capability, which is then linked via a wireless network. It
can be used in a tirrgpace context in various applications such as data collection, target
trackingand monitoring, as well as to support and prevent rapid resgpansg events and
postevent recovery along with pestent analysi¢Chaudhari, 2014)This can be seen in
applications of piezoresistive sensors in robdfidsrillo, 2018).

4.6 Virtual and Augmented Reality

Virtual reality and augmented reality are two complementary technologies in Industry 4.0.

With virtual reality, usersaretransportediia aheadseinto a virtual world, while augmented
reality provides virtual vision with inform
In mostcasesthetwo technologiesrecombinedn whatis knownasmixedreality, to produce

massive applications by transcendingdistance, time, and volume and increasing
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understandingeamwork,communicationanddecisionmaking(Bongomin 2020).

Virtual and augmented reality can be adopted to educate and train the workforce for better
interactionbetweerhumansandmachinesaswell asextractingkey performancendicators

(KPIs), for example to evaluate the workforce by expéBamiani, 2018) (Jetter, 2018).

Also, augmented reality can be applied in product assembly and disassembly from a

maintenance/repair perspectiiswaran, 2022).

4.7 Artificial _Intelligence (Al

Al is aknowledgebasedthinking programthatis coded designedandlinked to machinego

mimic the thinking ability of a human or animal. Artificial Intelligence (Al) has been
integrated with FMS tadapt tahedynamicproductionrequirementandhasmadeit anideal

ally, providing advanced capabilities in data analysis, decision making and process
optimization.Thiscanbeachievedy focusingonthreemainareasplanningandscheduling,
intelligent control and predictive maintenance. Specifically, by analyzing the massive
amounts of data, monitoring trends, and making accurate predictions, these capabilities
enhance production planning by optimizing resource allocation, reducing setup time, and
minimizing production downtime. Additionally, Adowered intelligent control systems
enable reatime adjustmentsn respons&o change conditiongnproving system flexibility

and responsivenegKarthik, 2023).

5. Discussion

Thisliteraturereviewpresentglifferentchallengesn establishing-MS atall stageghatarise

from diverse scenarios of Industry 4.0. Furthermore, a number of the exponential
technologies are discussed as models that can be applied to address some of the FMS
challengesindto optimizethe designandoperationof adaptablendflexible factoriesin the

future.

However thetransitionfrom traditionalmanufacturingnethodgo flexible systemgequires
significant investment inew technologies, and thus integratadyanced technologies into
existingsystemss amajorchallengan flexible manufacturingFor example,Yinetal, 2020
discuss the increasing demands for functionality and reliability in flexible electronics
manufacturing, emphasizirigatthe complexityof integratingnewtechnologiecanleadto
significantoperational challenge¥heneed foradvancednanufacturingechnologiessuch

as electro hydrodynamic direct writing and automated optical inspection, asserts the
technological barriers that must be overcome to enhance flexibility in manufacturing
processes$Yin, 2022)

This studyaimsto providethefoundationfor establishing~MSswith optimalcapabilitiesand
leverageexponentiatechnologieso achievethis optimumpositionwithin thenewvision of
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industry5.0.More emphasisvill beplacedonthe numberof limitationsincludingenhancing
productivityusingcollaborativerobots6 C o b alohgsidehumanworkersfocusingontasks

that require critical thinking and creativity. This could result in improving job satisfaction
andproductivityby usingAl to customizeadaptiveschedulingaswell asenablingproactive
measures and predictive analytics for achieving resilience, reducing downtime and waste
impact through redime monitoring of energy consumption and material usage with the
deploymenbf loT sensorgo attainsustainability This shouldfacilitate interactionbetween
operators and systems by implementing Natural Language Processing (NLP) technologies,
adopting open standards and protocols for interoperability, improving response times and
reducing bottlenecks by using decentralized control systems where machines can make
autonomous decisions based on+teak data, and striving for continuous improvement by
using digital twins as simulations and virtual and augmented reality. The findings will be
implementedn theDrive 4.0 project, developed lilie Facultyof Mechanical Engineering

at the Slovak Technical University.

6. Conclusion

In conclusion, this review tackles the challenges facing FMS and its integration with
exponential technologies to address global market trends towards customized mass
production. Obviously, this study does not cover all the issues related to the factors
contributingto theimplementatiorof FMS, butit providessomeusefulguidancehatwill be

useful for my future research.
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Hydrogeni Natural GasBlend: Challengesand opportunities in

transporting clean energy through existing infrastructure

AdamBen | at

Abstract

As the global energy sector pivots toward decarbonization, integrating hydrogen into existing
naturalgastransporsystemgpresent&promisingpathwayfor cleanerenergydistribution.This
paperexaminegheblendingof hydrogenwith naturalgas,focusingonthetechnicafeasibility,
infrastructure challenges, and potential benefits. It highlights their complementary roles in
achievingcarborreductiongoals.This papermarticularlyexploreshetechnical economicand
environmentabspect®f eachof themseparatelyandasablend.By addressindpothchallenges

and opportunities, the study provides valuable insights into the role of hyenageal gas

blends in advancing energy transition goals and shaping a sustainable future. The paper also
evaluates the environmental benefits of hydregatural gas blends in reducing greenhouse

gas emissions. Finally, prospects for dedicated hydrogen transport systems and advancements
in pipeline technology are outlined. This study aims to provide a comprehensive and brief
understandingf hydrogennaturalgasblendingasaviable steptowarda cleanernergyfuture.

Keywords: Hydrogen NaturalGas, BlendTransport

1 Introduction

In December 2019, the European Union (EU) introduced its Green Deal, to ensure zero
emissions by2050 and make Europe the first climateutral continent in the worldlhe first
EU ClimateLaw wasadoptedn 2021.As requiredunderthe ClimateLaw, atargetis 55%less
emissions by 2030, in comparison to 1990 (European Commission, 2024). The Green Deal
heavily emphasizes transitioning away from fossil fuels like oil, coal, and natural gas towards
renewableenergysourcesbecaus&5% of overallEU greenhousgasemissionsareproduced
by the energy sector. This was strengthened by the new plan from 2022, called REPowerEU.
(Widuto,2023).However thefuturerole of naturalgasin theenergysectoris still complexand
contested.

The transition from fossil energy sources to renewable energy sources requires the
integration of variable power generation systems, such as solar and wind power, which are
highly dependentn weatherconditionsandlocation.This meanghatthedecarbonizingf the
grid with alargeshareof renewablesomeswith reliability challengesOneof thesechallenges
is intermittent supply that cannot reliably match power demand, especially the multiday
variability of this demand. Natural gas power seems to be the most reliable backup for these
systems because it is known as an easily dispatchable energy source. (Brick, Dediu, &
Noffsinger, 2023Moreover,REPowerEUconsidersydrogento be a cleanenergysourcefor
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the future, within its hydrogen strategy. AG¢c
fora Climaten eut r al Europeo and AU. S. Nati onal Cl €
one of the main challenges will be the transport of clean hydrogen. The need for sufficient
infrastructure is significant and the existing fiamopean gas infrastructure could be
repurposed to provide largeale transport of clean hydrogen in combination with relatively

limited newly built hydrogen dedicated infrastructure. Moreover, before natural gas is
eliminatedfrom theenergymix, we canuseit asa hydrogencarrier,by blendinghydrogeninto

natural gas. (European Commission, 2020) (U.S. Department of Energy, 2023) Natural gas is
therefore a bridge to a zeemission future.

It is generally known that natural gas is not a renewable source of energy, but during
burningthis fuel produces less carbon dioxide, in comparison with oil or coal, and our proven
reserves of natural gas are dallge. Based on the data from 2020 (Ritchie, RosadRoger,

2020), the world has approximatel$8.07 trillion m3 of natural gas. A significant part of this
volume should be used more efficiently and environrfiéendly, to provide easier and
economically appropriate transitioning from fossil sources to renewable sources. From the
abovefacts,it is clearthatit will be necessaryo assesgxistinggastransporpipelinesystems

to see whether they are suitable for transporting blends of hydrogen and natural gas or pure
hydrogen.

In this paper, we will focus on the properties, advantages, disadvantages, opportunities,
and challenges of natural gas and hydrogen separately. Consequently, we will assess the same
attributes for blends of natural gas and hydrogen. Finally, we will summarize the studies and
experimentshathavebeenconductedn thisissueandatthe sametime pointouttheproblems
that should be faced in the future.

2 Natural Gas consumption trends and its key role in EU energy
sustainability and security

Natural gagNG) is aversatileand efficient energgource. The most generalgcepted
theory aboutits origin is that NG is formed when organic matter or organicresidualsare

Asia N 109,02 trilion m3
Europe [ 40,56 trilion m3
North America L 15,44trilion m3
Africa [ 12,88 trilion m3
South America [ 7,55 trilion m3

Oceania [ | 2,55 trilion m3

Figure 14: Provedreserveof NG worldwide

compresseat very high pressurdor millions of years,thusit is considereda nonrenewable
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source. The mankind, specifically the Chinese discovered more than 2000 years ago, that NG
is an energy source with huge potential, that can be harnessed. Since then, it has had a broad
range of industrial uses, such as a source of heat and power and as an input for producing
plastics and chemicals (Speight, 2019).

As we mentionedn theintroduction basedndatafrom 2020(Ritchie,Rosado& Roser,
2020),theworld haslargesource®f the NG dispersedvorldwide.Chyba!Ne n agspff e h d e n
zdroj odkazovpr esent s reserves of NG depending on
countrieswith their 58%stakein globalreserveswill useandprovidetheirresourcegor many
years.Therefore, thédnandlingof NG with regardto the environment willbe crucial. The other
continents have significantly smaller reserves. Europe has only 22% of the world's resources.
Becausef this smallerstakein global reserves, Euromeuntries arelependent on theupply
of NG from countriesof othercontinentsin theintroductionwasalsomentionedhattheE U 6 s
long-term goal is to get rid of its dependence on fossil fuels. According to the available data
from 2023(Energylinstitute,2024),the EU andEuropein general atfirst sight,aresucceeding
in reducing NG consumptiolC h y b a ! Nenagi el s apragens thedataz dr o j
mentioned above, which maps the NG consumption for last 57 years. There can be seen an
increasan consumptioruntil 2005whenconsumptiorstabilizedfor threeyears.In the Natural
Gas Market Revievirom 2009 released bie International Energfgency(IEA), thereason
for the drop in demand in 2009 was the financial crisis of 2008, which led to a significant
reduction in industrial activitgnd overall energgonsumption (International Enerdygency,
2009).As (Honoré,2011)pointsout, anindicatorof gasdemandclimbedbackto atleast2009
levels in the year 2010 because of enénmggnsive sectors, such as chemicals and steel, but
lack of detaileddatapreventausfrom beingableto verify thatstatementAccordingto another
reports released by IEA throughout the years 2011 to 2015, the decrease in NG consumption
was caused by many factors, such as economic slowdown and milder weather in 2011
(InternationaEnergyAgency,2012),economic environmengxpansion ofenewablesources

Figure 15: Naturalgasconsumptiorof Europeand EU betweerl965and 2023
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