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Preface to the Conference Proceedings 

 
We are very delighted to introduce the conference proceedings of the conference on 

Perspectives of Foreign Language Teaching for Professional Communication in Tertiary 

Education (28th 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 pleasure for us to welcome our invited speakers MMag. Dr. Andrea Bicsar, MA 

(Head of the Center for Minority Language Education, Multilingualism and Inclusion, 

University College of Teacher Education Burgenland, Austria) and Dr. Ing. Marek Ġm²d 

(Director for Fundamental Metrology and Statutory Representative President of the Czech 

National Committee of the CIE - International Commission on Illumination). Their 

presentations on ñA(I)cademic English: Friend or foe?ñ (Bicsar, A.) and ñThe Importance of 

English Communication Skills in the World of National Metrology Institutes Across the 

European Unionñ (Ġm²d, M.) reflected the current needs and challenges in the teaching and 

learninig of foreign languages in tertiary education. 

 

It was an honour for the Slovak University of Technology, especially for the Faculty of 

Mechanical Engineering to become the organizer of this conference. The aim of the conference 

was to present and promote dissemination of the latest trends, experience and research outcomes 

in both the teaching of foreign languages for professional communication in 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 academic community through their topics presented at the conference. It was an honour 

to have such an enthusiastic audience with us, in Bratislava, offering an opportunity to learn 

from each other. We 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 Lipková, 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 methodological approaches in foreign language 

teaching for professional purposes 

 
Ana Mandiĺ Ivkoviĺ, Ivana Vraniĺ Petkoviĺ, Dragica Mirkoviĺ 

 

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 new information and ideas that will  be presented in a different approach. This is achieved 

by applying the communicative method of learning, 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 

based on a communicative language approach, along with lexical and methodological strategies 

for task-based assignments. It explains the shift in focus from grammar to vocabulary, which 

will be illustrated by various exercises used to help students acquire the specific vocabulary in 

their field and improve their speaking skills. When creating the course and teaching materials, 

the emphasis was placed on a comprehensive approach to developing professional skills. 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 

monologue. We also took into consideration the broader social context in which the interaction 

and mutual learning between students and professors is taking place. 

Keywords: communicative, lexical, methodological language approach 

 

1 Introduction  

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

a significant challenge: how to introduce the necessary changes and modernize foreign language 

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 

economic changes that demand a broad spectrum of knowledge, skills, and new approaches to 

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

alongside continuous social changes, obligates professors to consider not only the current needs 

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 

the ability to apply what they have learned to new, far more complex situations. In this process, 
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our own concept of learning and teaching is transformed, and we view learning as a process of 

continuous personal and social transformation. 

 

There is a widely accepted belief that when creating teaching materials for a specific course, 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. When designing a course, one should consider three main directions in the development 

of teaching methodology for higher education. The first direction considers research 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 verbal-linguistic, visual-spatial, and logical-mathematical thinking, 

among others (Light 2001: 71). The third direction looks at the development of innovation 

theory and considers the process of organizational change, taking into account shifts in business 

and industry with a focus on changes in higher education and teaching methodology (Light 

2001: 71). 

 

Considering these perspectives, teachers are given the opportunity not only to improve foreign 

language courses but also to understand the fundamental principles of teaching. A significant 

role is played by the personal ability of the teacher to enhance former traditional methodological 

approaches in teaching. In line with such principles, the course itself changes its concept by 

emphasizing meaning, purpose, and connecting personal experiences with the broader context 

of the teaching material. The aim of the course is to enable students to enhance their knowledge 

and find solutions to practical problems they will encounter in their professional environment. 

Unlike formal, traditional courses that primarily provided 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. 

These innovations are based on changes in attitudes and methodological approaches, not merely 

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 

exercises, which is not aligned with the challenges students will  face in the professional world. 

However, by applying the communicative method, we place students in an interpersonal context 

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 on task-solving. 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 

approach, lexical approach, and task-based methodology. It explains the shift in focus from 
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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 the late 1960s, a new communicative language approach to teaching emerged in response to 

the criticisms of the prominent American linguist Noam Chomsky. In his book Syntactic 

Structures (1957), Chomsky argued that the prevailing structuralist theories of language could 

not convey the essential characteristics of language, such as the creativity and originality of 

individual sentences. British applied linguistics highlighted another fundamental dimension of 

language, which had been neglected in previous language teaching approaches: the functional 

and communicative potential of language. This led to a need for language teaching to prioritize 

the development of communicative competence over mastery of structures (Richards 1991: 64). 

 

In his work Notional Syllabuses (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' theory significantly influenced the formation of communicative language 

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, and semantic meaning. Until recently, most foreign language teaching methods were 

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 early versions of communicative language teaching methods in the 1980s, this approach was 

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 

meaning-based approach, though even the latter group did not dismiss grammar as foundational 

to effective communication. Recently, applied linguistics has shown a trend toward 
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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 a set of grammatical rules or vocabulary to be memorized; rather, it is 

a dynamic process of creating meanings. A learner may know grammatical structures and have 

a certain vocabulary in the foreign language, but it is crucial to find a way to successfully apply 

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 

language as a means of communication, rather than as a set of phonological, 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) 

emerged as an important subset, with its own approaches to curriculum development, pedagogy, 

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 naturally develop 

language skills. However, this perspective has since been reconsidered, and grammar is now 

recognized as essential for comprehension. The challenge lies in balancing its role in 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 

communication, which begins at the elementary level; translation or use of the mother language 

is employed when necessary for learners; linguistic variations are essential part of teaching 

material and methodology; learners develop speaking skills through trial and error; and students 

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

 

Based on the principles outlined above, teaching materials are developed to include a series of 

texts organized by thematic units, task-based materials, and authentic materials from sources 

such as newspaper articles, magazines, and advertisements, which can serve as a basis for group 

communication exercises. 

 

3 Methodological approach and task-based approach in creating teaching 

materials for English for specific purposes 

English for Specific Purposes (ESP) focuses on analyzing studentsô needs and developing 

materials aimed at meeting the demands of particular professions, whereas the methodological 

approach often remains secondary, since it cannot be planned before the course begins. 

According to Johnson, there are two approaches to studying ESP: the orthodox approach 

advocated by Munby and Wilkins, prevalent in the 1970s, where student needs are anticipated 
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in advance, with both techniques and teaching materials primarily teacher-oriented, while 

methodology is sidelined; and the methodological approach represented by Breen, Candlin, and 

Johnson during the 1980s, which also emphasizes the importance of student needs analysis and 

creation of appropriate materials, however, it prioritizes methodology that is student-centered 

(Markee 2000:28). Markee believes that both approaches have their place in teaching, and the 

choice of approach differs whether the students are independent or dependable on their teacher. 

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 

comprehension text reading are far less effective at developing communicative skills compared 

to activities that involve filling information gaps. By assigning tasks without predetermined 

answers, teachers foster creativity of their students to formulate responses in English which will 

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 self-assess the quality of their work. 

 

The methodological approach in ESP raises several interesting questions related to the teacherôs 

role, the relationship between spoken language and grammar instruction, and the approach to 

error correction. The teacherôs role is primarily to organize classroom activities and develop 

studentsô communicative abilities through group work, with an emphasis on communication 

rather than grammar. However, this does not imply that grammar should be 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 

predicting potential errors, the teacher directs attention to significant errors made during speech 

(e.g., verb tense, articles, or complex clauses). The teacher, as a linguistic expert, then assumes 

a traditional role by offering corrective guidance. Additionally, peer error correction has proven 

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

 

Task-based language teaching (TBLT) emphasizes the following principles: selecting teaching 

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 to real-world language 

(Nunan 2004:1). From this, itôs clear that TBLT has evolved from the communicative approach, 

a broad teaching philosophy rooted in linguistics, anthropology, psychology, and sociology, 

while task-based instruction primarily centers on material development and methodology 

(Nunan 2004:10). Task-Based Language Teaching (TBLT) emphasizes small group work, 

enabling students to develop learning strategies, social interactions, and communication skills, 

thereby embodying its foundational methodological principles. 
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To create an effective learning environment, itôs necessary to transform everyday and business 

situations into pedagogical tasks, as language is essential for both the exchange of goods and 

services as well as social interaction. For example, to develop job-seeking skills, students might 

draft a resume, exchange it with a partner for review, analyze job advertisements, and identify 

three positions that match their resume. They then compare and discuss their choices. This 

exercise transforms studentsô passive language knowledge gained from reading texts into active 

use by combining learned structures and vocabulary in new ways. 

 

When creating teaching materials, the following guidelines are considered: 

 

¶ Reviewing existing business English resources. 

¶ Aligning source content with course needs. 

¶ Organizing materials logically according to knowledge levels and setting a balanced 

pace for students. 

¶ Assessing content relevance to current trends. 

¶ Evaluating material comprehensibility, ensuring it's neither too simple nor too complex 

for students (Forsyth 1999:61-64). 

 

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 real-world 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 English I and II  courses at the Belgrade Business and Arts Academy of 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 first-year students, includes ten units, and texts are organized in dialogue form to 

simulate everyday and professional interactions, such as job interviews, telephoning, banking, 

shopping, travel, meeting organization, and business correspondence. The second level, for 

second-year 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 

newspaper articles on issues such as Nokia's market competition, Nikeôs advertising campaigns, 

and corporate topics related to companies like Ikea and Miele. 

 

Exercises for each unit were created following the division into levels and thematic alignment. 

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 approach in 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 vocabulary acquisition often considered secondary. In recent decades, there has been 

a notable shift towards emphasizing vocabulary studies and lexical learning within English for 

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 

teach and acquire professional terminology. Fraser argues that "the acquisition of the meanings 

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

they are used" (ņuroviĺ, 2011: 87). However, words that are not used in everyday speech but 

have specific and narrow technical meanings in a scientific field constitute 9ï25% of lexical 

terms in texts (ņuroviĺ, 2011: 87). Therefore, emphasis must be placed on so-called semi- 

technical words that are part of the vocabulary of everyday spoken English and acquire specific 

meanings when used in a particular scientific field; as well as on non-technical 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 properly understand professional texts. The most important thing is 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 

(ņuroviĺ 2011: 88). Linguists like Sinclair, Lewis, and Nattinger challenge traditional views 

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, 

exercises, and error correction. More specifically, this radical change in attitudes, compared to 

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 involves not just individual words but combinations of words that we 
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remember as meaningful wholes that can be connected and thus produce a coherent text 

(ņuroviĺ 2011: 88). 

 

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

grammatical system, and therefore, the emphasis should be placed on learning language phrases 

that combine both grammatical and lexical aspects. Teachers should shift their focus from the 

grammatical structure of a sentence to the grammar of words, meaning the set of rules by which 

words form a linguistic matrix. This approach should be understood as a collaboration between 

grammar and vocabulary, rather than a replacement of grammar learning with vocabulary 

learning. It is crucial to insist on learning how to use words in a specific context, which indicates 

that language is far more idiomatic and metaphorical than is typically thought, while also 

contributing to the validation of the fundamental idea of the lexical approach to the process of 

combining words to convey the correct meaning in speech. 

 

The very process of memorizing information and organizing a kind of mental lexicon is of great 

importance in finding the most efficient way to acquire vocabulary. Gairns and Redman believe 

that this mental lexicon is exceptionally well-organized 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 memory than isolated words, ultimately facilitating the 

learning process (ņuroviĺ 2011: 89). Therefore, the role of the teacher is crucial in pointing out 

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

own. 

 

Dudley-Evans proposes three strategies for improving ESP vocabulary: 

 

¶ Learning words as part of situational, semantic, and metaphorical frameworks (e.g., 

terms in accounting such as assets, balance sheet and income statement). 

¶ Emphasizing collocations and their usage (e.g., fixed costs, variable costs, direct costs, 

indirect costs). 

¶ Remembering parts of language constructions or lexical phrases (e.g., ñ...estimate sales 

growth,ò ñéto compete on price,ò ñif inflation doubled...ò). 

 

Considering the fact that students will  not be able to actively use new terms immediately upon 

first encountering them, various techniques are employed for acquiring English vocabulary in 

the field of economics. Bramki and Williams categorize the process of "lexical acquisition" into 

six stages: (1) providing examples; (2) explanation; (3) definition; (4) reinforcement; (5) 

introduction of synonyms; (6) illustration (ņuroviĺ 2011: 90). 

 

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 

Academy of Applied Studies, we will  present various exercises designed to facilitate the 
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What type of e-commerce are the following? Choose from B2B, B2C, or B2G. 

 

 

 

Selling to the public on the Internet is business-to-consumer or B2C e-commerce. Some experts 

think that the real future of e-commerce is going to be business-to-business or B2B, with firms 

ordering from suppliers over the Internet. This is e-procurement. Businesses can also use the 

Internet to communicate with government departments, apply for government contracts and pay 

taxes: business-to-government or B2G. 

 

 

 

 
Private individuals can rent a car without going through a call center. 

The city is looking for construction companies to build a new airport. There are hundreds of pages 

of specifications you can obtain from the city authorities. 

Car companies are getting together to buy components from suppliers in greater quantities, 

reducing prices. 

é 

(Mirkoviĺ  2024: 

151) 

 

acquisition of specialized vocabulary and thereby illustrate the practical application of the 

theoretical principles discussed. 

 

 

4.1 Words with  grammatical function 

 

In these exercises, the emphasis is placed on words that have a grammatical function, 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. 

 

Complete this table using words from the text. 

Noun: 

crime 

Noun: 

criminal  

Verb: 

What the 

criminal does 

(he/sheé) 

Noun: 

thing made or 

done in the 

crime 

Adjective 

counterfeiting counterfeiter counterfeits a counterfeit counterfeit 
 embezzler    

 faker    

   a forgery  

 fraudster defrauds   

 money 

launderer 

 / / 

  racketeers / / 
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Choose the correct word to complete each sentence. 

1. The bank lent / loan me $150,000 and I repay / repayment $550 a month. 

2. I have a loan / lend to buy a car. The repayments / repaid for this are $90 per month. 

3. It cost / costs so much to eat out in restaurants! I prefer to eat at home. 

4. I get $2,000 a month from my job. I spend $1,800 and save / savings $200. 

5. I lent / borrowed from my mother $1,000 to go on a holiday last summer. Then I won some money 

so I repay / repaid $500. 

(Mandiĺ Ivkoviĺ 2017: 33) 

Some of the following nouns also exist unchanged as verbs. Find them and write a sentence using 

both a noun and a verb. What are the related verbs from other nouns? 

aim 

benefit 

competitor 

increase 

consumer 

design 

cost 

extent 

follower 

innovation 

leader 

market 

product 

reduction 

target é 

(Mirkoviĺ 2024: 156) 

 

(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. 

 

 

 

4.2 Words with  similar  meaning 

 

Special attention should be given to the correct use of words with similar meanings when 

learning the vocabulary of English for specific purposes, as their misuse in an business context 

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 others have the same form but are used as different parts of speech (e.g., cost 

can appear as a noun or as a verb). 
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Which is the odd one out in each of these groups of business words and phrases? 

(Mandiĺ Ivkoviĺ 2022: 69) 

 

 

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

2. a) check b) survey c) control d) monitor 

3. a) predict b) forecast c) anticipate d) analyze 

4. a) lay off b) employ c) take on d) recruit 

5. a) rewrite b) redraft c) reword d) restoreé 

 

 

 

 

4.3 Collocations and idioms 

 

Collocations and idioms frequently appear in the lexis of English for Specific Purposes and are 

widely used in the field of economics. 

 

price boom = a good period for sellers, when prices are rising quickly 

price cut = a reduction in price 

price hike = an increase in price 

price war = when competing companies reduce prices in response to each other 

price leader = a company that is first to reduce or increase prices 

 

Complete the sentences with  the appropriate words from the text. 

1. A price  by Mills  may indicate the start of price increases by other producers. 

2. Britainôs house price  has gone beyond London, with properties in Kent now worth 25 per cent 

more than a year ago. 

3. Consumers will  get price  of eight per cent off phone bills from May. 

4. Petron is a price  ; itôs usually the first to offer lower prices. 

5. There is a price  between Easyjet and KLM  on the London to Amsterdam route. 

 

(Mandiĺ Ivkoviĺ 2022: 30) 

Do these common expressions refer to earning a high or a low salary? 

Mark each sentence with H or L. 

Ź 

1. Believe me, they pay peanuts. 

2. He really is one of the fat cats. 
3. It's hardly worth getting out of bed for. 

4. It's nothing to write home about. 

5. Are we talking telephone numbers? é 

(Mirkoviĺ 2024: 151) 

 

4.4 Semantic and metaphorical language patterns 

 

For a student to effectively memorize and acquire new lexical terms, it is essential to develop a 

mental lexicon in which vocabulary is organized based on the semantic relationships of words 

belonging to the same semantic field. Given that ESP is highly metaphorical, it is important to 

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

new terms that might otherwise be difficult  to understand. These exercises emphasize the 
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Circle the correct words to complete the text. 

I started my own business ï a small clothes shop ï about five years ago. At first the (1) costs / debt were very 

high ï finding the right place and decorating it, and buying the clothes ï but I managed to keep within the (2) 

budget / interest I had in mind. Iôd hoped to make a profit fairly quickly and (3) credit limit / invest that in the 

business, as well as paying back the bank. But Iôve actually had to use up all of my (4) savings / expenses and 

borrow money from my brother to keep the business going, and now I find myself in (5) broke / financial 

difficulties. If  things donôt get better in the next three months, Iôm going to have to declare myself (6) bankrupt 

/ in the red and close the shop. In the meantime, Iôm really going to have to (7) economise / overdraft ï Iôll have 

to get rid of my assistant and work in the shop myself all the time. Otherwise, thereôs no way Iôll be able to (8) 

cut back / make ends meet. 

Complete the text with  the other words which were not used in the first  text. 

Iôve just got my bank statement this morning and I see, to my horror, that my account is (1) 

................................... . I will  have to pay (2) ..................................... on the money I now owe, although I can 

have an (3) ..................................... of $1,500 before the bank stops my cheques. However, Iôve nearly reached 

that limit. Iôve never been in (4) ................................... like this before. Iôm usually (5) .................... ............... 

by the end of the month, but I pay my salary into my account and then Iôm OK again. Iôve had a few (6) 

. .................................. recently, itôs true ï a new DVD player and my road tax. But Iôm really going to have to 

(7) ....................................... perhaps not buy the new digital camera I had in mind. I could use my credit card, 

but my (8) ..................................... is $2,000 and I couldnôt pay the money back if  I spent it. I need to win the 

lottery! 

(Mandiĺ Ivkoviĺ 2017: 51) 

 

figurative meanings of words in business English, with numerous sentence examples 

illustrating the overlap between literal meanings (e.g., bankrupt, tax return) and metaphorical 

meanings (e.g., in the red, tax havens) of certain words and expressions. 

 

 

Examples presented in this study illustrate how complex problems faced by English for Specific 

Purposes (ESP) teachers are solved: how to teach specialized terms that, unlike grammar, 

follow a well-organized 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 

consistently applied, students would be able to acquire vocabulary aligned with the future needs 

of their profession. 

 

5 Conclusion 

 
During the process of university reform and the implementation of the Bologna Process, a 

question 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 

memorization of texts and grammatical rules. Language studies were structured according to a 

pyramidal, structuralist approach, starting from phonetics and progressing through morphology 

and syntax. Language learning relied on grammatical drills and the translation of 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 

embrace new ideas. Certainly, we aim to impart foreign language knowledge to the best of our 

ability, keeping in mind that in todayôs world of rapid change, our students also want to master 

a foreign language as quickly and effectively as possible. Thus, we inevitably need to introduce 

new methods while also applying the best aspects of what we consider old and perhaps outdated. 

We should make use of everything that proves successful and engaging in the teacher-student 

relationship, listening to their needs, assessing their abilities, and constantly finding new 

methodological approaches. In this regard, the next step is to incorporate emerging AI-driven 

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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Metódy a stratégie prekladu kognitívnej metafory v odbornom texte 

Methods and strategies for  translating cognitive metaphor in a scholarly text 

Nikoleta Mertová 

 

 

Abstrakt  

Metafora ako odraz kognit²vnej produkcie ļloveka je pomerne ļastĨm prostriedkom, 

vyskytujúcim sa v umeleckých ļi publicistických ģ§nroch, beģnom reļovom prejave, nevyhýba 

sa vġak ani odbornému a vedeckému textu. Spôsob, ktorým prirodzene pristupujeme 

k zmyslovému a racionálnemu zachyteniu kaģdodennej objektívnej reality, hodnoteniu 

a ponímaniu sveta, schematizácii, kategorizácii a konceptualizácii skúsenosti a jednotiek 

poznania (informácie) je chápaný ako proces kognitívneho modelovania prostredníctvom 

kognitívnej/konceptuálnej metafory. T§, ako nevyhnutn§ s¼ļasŠ kognit²vnej paradigmy 

kaģd®ho n§roda zachyt§va obsahy, sk¼senosti a obrazy tohto sveta v ment§lnom priestore 

kaģd®ho indiv²dua a profiluje ich do n§ġho jazyka. Metafora je prostriedkom n§ġho 

kognit²vneho rastu, postihnutia rel§ci² soci§lneho sveta, expanzie hran²c Ŏudsk®ho poznania, 

abstraktn®ho myslenia a de/k·dovania vĨznamov. Je rezult§tom, ale aj inġtrumentom fix§cie 

poznatkov a poznania obrazov, ent²t, objektov vonkajġieho i vn¼torn®ho sveta. Ako predmet 

n§ġho sk¼mania ju zachyt§vame aj v odbornom texte, a jej adekv§tny preklad (a transl§cia 

anal·gi², ktor® zachyt§va) je pre s¼ļasn¼ translatol·giu vĨzvou. Pr²spevok sa na uvedenom 

základe bude zaoberaŠ analýzou konceptuálnej metafory a jej konceptuálnych domén z oblasti 

odborného jazyka a technických vied, analýzou prekladového ekvivalentu a pouģitĨch stratégií 

pri preklade metaforických termínov. 

 

KŎ¼ļov® slová: kognitívna/konceptuálna metafora, konceptualizácia, preklad odborného textu, 

metafora v preklade, terminologická 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 

relations of the social world, expanding the boundaries of human knowledge, abstract thinking 
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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 of the analogies it captures) is a challenge for contemporary translation studies. On 

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

conceptual domains from the field of professional language and technical sciences, the analysis 

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 Úvod 

Postupná globalizácia a zvĨġenĨ záujem o výskum mechanizmov Ŏudsk®ho myslenia podnietil 

aj etablovanie kognitívnych vied, ktoré sa v ġirġom kontexte zaoberajú výskumom, objasnením 

a definíciou kognitívnych kompetencií ļloveka. Niet pochýb, ģe kognitívna veda a jej jednotlivé 

disciplíny (kognitívna psychológia, neuroveda, psycholingvistika, kognitívna lingvistika, 

kognitívna translatológia a iné) dokazujú, ģe výskum kognície a jeho zameranie je opodstatnený 

najmª so zreteŎom na pochopenie kompetenci² ļloveka, jeho myslenia a ch§pania, fix§cie 

objektívnej reality. Tradiļn® prístupy doterajġ²ch skúmaní sú znovu revidované a komparované 

s aktuálnymi tézami, priļom sa prehodnocujú najmä východiská, nar§ģaj¼ce na vzŠah ļloveka, 

mysle, jazyka a recepcie objektívnej reality. Objekt výskumu sa výrazne posúva do oblasti 

interdisciplinarity a aj metodologická báza kognitívne a antropocentricky orientovaných vied 

je v poz²cii, v ktorej sa st§va kooperuj¼cim komponentom a vyhŎad§vanĨm spoloļnĨm 

priestorom pre samotnĨ vĨskum a rieġenie ot§zok, vyn§raj¼cich sa na pomedz² kontaktov 

humanitných, sociálnych, prírodných i technických (exaktne orientovaných) vied (Petríková, 

2015). V tejto súvislosti Gáliková, identifikujúc základné znaky metodológie kognitívno- 

vedných disciplín, poukazuje na Ăa) uznanie prirodzenej povahy kognitívnych stavov ļlovekañ 

a Ăb) formul§ciu principi§lne testovateŎnĨch modelov a te·ri²ñ (2011, 29). 

Aktuálne translatologické výskumy potvrdzujú, ģe interdisciplinárne smerovanie translatológie 

je viac menej prirodzené a ģe jej výraznými partnermi sa stáva práve kognitívna veda a výskum 

komunikaļnej a pragmatickej funkcie jazyka, ļo je opodstatnen® najmª Ăpresakovan²mñ 

(transfund§ciou) viacerĨch druhov reļovĨch registrov a vz§jomnou difund§ciou diskurzov ï 

verejného1 a odborného, tak na úrovni sémantickej, ako aj formálnej. Práve na základe 

uvedeného povaģujem diskusiu, ktorá sa realizuje na báze kooperácie diskurznej analýzy 

a terminologického/lexikálneho fundamentu z oblasti diskurzológie a translatológie za 

opr§vnen¼ (bliģġie pozri Motykov§, 2014). 

1.1 Kognitívna metafora a jej definiļn® vymedzenie 

 

1 VerejnĨ diskurz sa vyļleŔuje v opoz²cii voļi ġpeci§lnemu diskurzu (napr. vedeckĨ) a ch§pe sa n²m 

diskurz, ktor®mu s¼ vystaven® ġirok® vrstvy obyvateŎstva, nielen ¼zky okruh odborn²kov, a ktorĨ je 

sprostredkovanĨ ġirokej verejnosti pomocou masm®di². (Keller, 2007) 
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V najġirġom zmysle interpretácie pojmu metafora vychádzame z faktu, ģe sp¹sobilosŠ 

k vytváraniu metafory je s¼ļasŠou komplement§rnej kognit²vnej vĨbavy kaģd®ho ļloveka, 

nositeŎa jazykovej kompetencie (porov. Lyons 2003). Prvotn® mot²vy poznania a 

pochopenia vzŠahov anal·gie v Ŏudskom myslen² a paralelne, odkazy k interpret§cii 

(chápaniu) a definícii metafor ako spôsobu konceptualizácie objektívnej reality nás 

privádzajú k problematike, ktorú v antickej filozofii iniciuje a ktorú v Poetike (ɄɞɘɖŰɘəɧɠ) 

predostiera grécky filozof Aristoteles (384 p.n.l.ï322 p.n.l).2 

Problematika poznania sveta a jeho odrazu v Ŏudskej mysli, nástrojov poznávania a fixácie 

poznatkov o svete a ļloveku bola pertraktovaná najmä vo filozofickom myslení (Aritoteles, 

T. Akvinský, T. Hobbes, F. Nietzsche, J. J. Rousseau, G. W. Lebniz, L. van Wittgenstein a 

in²), a nesk¹r v lingvistike (A. Ortony, A. P. Ļudinov, J. Lakoff, M. Johnson, N. D. 

AruŠonovov§, A. N. Baranov, Z. I. Rezanovov§ a in²) naġou ¼lohou je vġak koncentrovaŠ 

sa predovġetkĨm na vĨchodisk§ch, ktor® n§s zauj²maj¼ najmª vo vzŠahu k lingvistike 

(prioritne kognitívnej lingvistike) a translatológii (transpozície významu a zmyslu 

dominánt), spôsobu fixácie elementov kognície a empírie (poznatkov) v jazyku, reļi 

a komunikácii a ktoré vypovedajú o tom, preļo hovoríme (vyjadrujeme sa) istým spôsobom 

a ļi to priamo koreluje s tĨm, ako mysl²me o svete a ako ho sprostredk¼vame v cudzom 

jazyku. To znamená, ģe v tejto súvislosti jazyk chápeme ako médium, ktoré nám umoģŔuje 

odkrĨvaŠ in® ġtrukt¼ry a ¼rovne Ŏudskej osobnosti ï jeho vzŠah k javom a veciam okolo 

neho, iným ŎuŅom, vlastnej a cudzej kultúre (v interkultúrnom kontexte), elementom 

a fenoménom vlastnej osobnosti. 

VĨrazn§ zmena v tradiļnom aristotelovskom (komparaļnom) ch§pan² metafory ako 

nástroja jazyka pre vyjadrenie analógie prostredníctvom poetického sa spája s teoretickým 

r§mcom vymedzenia metafory ako organonu Ŏudskej mysle3. Túto líniu pretína teória 

metafory, ktorou G. Lakoff a M. Johnson Ă[...]pouk§zali na spôsob, akým filozofi  vytvárajú 

metafyzick® tvrdenia prostredn²ctvom metaforick®ho jazyka beģnej sk¼senosti. 

Z kaģdodenn®ho jazyka konġtruuj¼ konceptu§lne entity, ktor® pokladaj¼ za re§lne, a na 

tomto z§klade sa usiluj¼ systematicky vysvetliŠ sk¼senosŠ ļloveka. Metafyzika, ktorej 

cieŎom je charakteristika (doslovne) re§lneho, tak napokon ļin² prostredn²ctvom 

neuvedomovanĨch metaforñ (Lakoff, 1999, 14 in G§likov§, 2011)4. Práve tu, v spôsobe 

akým chápeme svet a opracúvame v mysli fakty, ktoré recipujeme sa ukazuje diġtinkt²vnosŠ 

 

2 Horizonty a modus nazerania na analógiu v poetickom zobrazovaní, predstavené Aristotelom v jeho 

koncepcii (umeleckého) napodobovania a básnenia anticipujú predchádzajúce pochopenie 

Aristotelových úvah ontologického charakteru. Jedno z prvých Aristotelových diel predstavujú 

Kategórie a idey nazerania na kategórie jestvujúcien ním predstavené súvisia s interpretáciou relácií 

ļasti a celku, jednotliv®ho, konkr®tneho a vġeobecn®ho (ktorĨm Aristoteles nazĨva to, ļo je typick® a 

spoloļn® pre vªļġ² poļet jednotlivcov rovnak®ho druhu alebo rodu; pozri bliģġie Metafyzika VII, 13), 

prvej podstaty, resp. prvej substancie jestvuj¼cien (vġetk®ho, ļo je). Vych§dzame z publik§cie 

Aristotelés. Kategorie. 1958. 
3 Pre kritiku prvenstva Lakoffovej te·rie o konceptu§lnom charaktere metafory bliģġie, napr²klad, 

porovnaj dielo Poznámky k teóriám metafory. Giambattista Vico. (Mikul§ġ, 2017) 
4 Bliģġie porovnaj Lakoff, G. & Johnson, M. 1999. 
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a protiklady v chápaní významov na línii doslovný a priamy verzus metaforický (porov. 

Lyons, 20035; G§likov§, 2011). Ako n§m ukazuje Lakoff, ,,Hoci znaļn§ ļasŠ n§ġho 

kognitívneho systému je metaforická, rozsiahla ļasŠ z neho je nemetaforická a metaforické 

ch§panie je zaloģen® na nemetaforickom ch§pan²ñ (autorskĨ preklad, Lakoff in Ortony, 

1978, 244). Bez doslovného chápania podstaty toho, ļo sa okolo nás deje, nie sme schopní 

premietaŠ spracovan® poznatky do konceptov, sumarizovaŠ, vytv§raŠ ġtrukt¼ry 

metaforického charakteru a rekonġtruovaŠ ļi reformulovaŠ ich chápanie. Metaforický jazyk 

je tak Ă[...]povrchovou manifestáciou kognitívnej metaforyñ (Lakoff in Ortony, 1978, 244). 

Gáliková v danej nadväznosti konġtatuje, ģe metaforickosŠ alebo doslovnosŠ závisí vģdy od 

konceptu§lnej organiz§cie, v r§mci ktorej urļit® kategoriz§cie zachyt§vaj¼ podobnosti a 

rozdiely typické pre pr²sluġn¼ jazykovú komunitu (Gáliková, 2011). V tejto súvislosti medzi 

najvĨznamnejġie radíme práve spomínané koncepcie v ponímaní konceptuálnej metafory 

G. Lakoffa a M. Johnsona, ktor² odkazuj¼ k nevyhnutnosti existencie metafory v beģnej 

komunik§cii (najmª v s¼vislosti s n§strojom, ktorĨ vyuģ²vame pri metaforickom 

ozrejmovaní abstraktných pojmov). Lakoffova koncepcia konceptuálnej metafory reviduje 

doterajġie, konvenļn®, ontologick® ch§panie metafory, ktor§ predstavuje jeden z moģnĨch 

tr·pov, vyjadruj¼cich tradiļnĨ, aristotelovskĨ komparaļnĨ akt, porovnanie na b§ze 

us¼vzŠaģnenia dvoch a viacerých objektov ļi javov, ktoré spolu nemusia s¼visieŠ (porovnaj: 

tak ako sa má zima k starobe, tak sa má jar k mladosti).6 PodŎa A. A. Richardsa (1990, 47) 

metaforu nem¹ģeme definovaŠ len ako jazykovĨ prostriedok, ako rezult§t z§meny slov 

alebo kontextu§lnych posunov (obratov), pretoģe Ă[...]v b§ze metafory leģ² preberanie a 

interakcia ide² a zmena kontextu. Metaforick§ je samotn§ myġlienka, rozv²ja sa 

prostredn²ctvom porovnania a odtiaŎto pramenia metafory v jazykuñ. Konceptu§lna 

metafora, ako ju profiluje G. Lakoff, je ,,[...]zobrazením v rámci konceptuálnych dom®n...ñ 

(Lakoff in Ortony, 1978, 245), priļom s¼ tieto Ă[...]zobrazenia asymetrick® a parci§lneñ 

(Lakoff in Ortony, 1978, 245). Konceptuálne/kognitívne metafory tu predstavujú isté 

rámce, anticipované mentálne schémy ļi vzorce, ktoré usmerŔuj¼ naġe myslenie, hovorenie 

a správanie, ktoré kognitívni lingvisti odkrývajú na základe analýzy textového masívu a 

Ă[...]mnoģstva empirick®ho materi§lu (realizovanĨch vĨpoved² a textov), ktorĨ obsahuje 

metaforick® jazykov® vĨrazy z istej vĨznamovej oblastiñ (OrgoŔov§ ï Bohunická, 2011, 

100ï101). 

Kognitívna metafora je s¼ļasŠou rôznych diskurzov, nevynímajúc odborný jazyk a diskurz 

odbornej a vedeckej komunik§cie, ktor® s¼ objektom profesion§lnej prekladateŎskej 

ļinnosti a výskumu translatológov, keŅģe kognitívna metafora je jedným z javov, ktoré 

 

5 Lyons pracuje s myġlienkou, ģe doslovn® a metaforick® vĨznamy sa rovnako vzŠahuj¼ k pravdivosti 

ich vĨroku tak, ako sa vzŠahuj¼ ku kontextu, t. j. doslovn® a metaforick® vĨroky s¼ kontextu§lne 

podmienené. 
6 V metaforickej projekcii vzŠahu veku ļloveka (ģivotnĨch et§p) a ļast² roka (roļnĨch obdob² ako 

parciálnych etáp kalendárneho roka) aj v slovenskej kognitívnej báze badáme figurálne paralely v rámci 

metaforického modelu ĻLOVEK ï PRÍRODA: napr. zobrazovanie prestária ako jesene ģivota (Autumn 

of Years); dieŠa/dievļina/panna ako ruģovĨ p¼ļik; floristická a antropomorfná metafora u A. S. Puġkina, 

zoomorfné metafory ļlovek ako medveŅ, chamele·n, sova, rann® vt§ļa a pod. 
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tvoria komplement§rnu s¼ļasŠ technickej a vedeckej komunik§cie a z d¹vodu zloģitosti 

pr²stupu je potrebn® tak¼to t®mu presk¼maŠ aj v terminol·gii (Bocorny Finatto, 2010). 

Prijatie metodológie kognitivistiky v procese identifikácie a reformulácie metaforického 

term²nu a ch§panie metafory ako organonu i vĨsledku Ŏudsk®ho myslenia umoģŔuje jej 

aplik§ciu pri modelovan² objektov komplexnejġej povahy. Konceptualiz§cia 

prostredníctvom metafory je pomerne ļastĨm javom najmä v takom diskurze, ktorý vyuģ²va 

metaforický prenos a projekciu pre tvorbu nových pomenovaní, resp. modelovanie 

podobnosti, anal·gie pri oznaļovan² vlastnost² objektu v jednej vedeckej oblasti a jeho 

prenosu do druhej. V takomto pr²pade sa oznaļovan® asociuje s novĨm oznaļovanĨm a 

umoģŔuje rĨchlejġiu predstavu o jeho vlastnostiach a ġpecifik§ch. Komunikant si takĨmto 

sp¹sobom jednoduchġie a efekt²vnejġie osvoj² a konceptualizuje charakteristiky objektu, 

ktor® nazĨvame istĨm sp¹sobom. PrekladateŎ, ktorĨ pracuje s komunikátom, obsahujúcim 

rôzne typy konceptuálnej/kognitívnej metafory v odbornom jazyku musí nevyhnutne túto 

ideu reġpektovaŠ a zabezpeļiŠ transláciu, napríklad, ĂterminologickĨchñ metafor s ohŎadom 

na moģnosti zachovania invariantnej ļasti s®mantiky metaforick®ho term²nu. 

 

1.2 Metodologický aparát práce s prekladom metaforického termínu 

Rovnako ako profesion§li (odborn²ci), aj ġtudenti technickĨch univerz²t, ktor² sa dlhodobo 

pripravujú na výkon budúcej profesie prichádzajú do styku s diskurzom technických vied, pre 

ktorĨ je typick§ technick§ komunikaļn§ sf®ra. Nemenej ļasto sa aj ġtudenti translatol·gie 

kontaktuj¼ s textami odborn®ho funkļn®ho a n§uļn®ho ġtĨlu r¹znorodej tematickej oblasti 

(Chovanec, 2020). V rámci dlhodobej prípravy pre samostatnú profesiu a prichádzajú do 

kontaktu s odborným jazykom a komunikátmi z oblasti technických vied, pre ktoré je 

nevyhnutn® pristupovaŠ z poz²cie ġtudenta kriticky k ļ²taniu a porozumeniu textu (Sadivov§, 

2021). 

Kognitívna metafora v odbornom (technickom) texte predstavuje kŎ¼ļov¼ dominantu, od ktorej 

sa ļastokr§t odvíja význam jednotlivých významových ļast² alebo aj celého komunikátu, nielen 

parci§lnej ļasti prekladan®ho textu a kontextu. 

V tejto s¼vislosti je podstatn§ identifik§cia metaforick®ho term²nu, ĂpreloģiteŎnosŠñ 

metaforických termínov, kognitívna ekvivalencia metaforických termínov a klasifikácia 

metafor do tried podŎa konceptu§lnej dom®ny (vecnej charakteristiky vĨchodiskov®ho 

komponentu). Tu sa potvrdzuje myġlienka G. Lakoffa o tom, ģe aj metaforické zloģky m¹ģeme 

ch§paŠ len vŅaka nemetaforickému a doslovnému významu (Lakoff in Ortony, 1978, 244) 

a mnohokr§t pr§ve nemetaforickĨ komponent odkrĨva zmysel pouģitia metafory v danom 

kontexte. 

Pri preklade metaforickĨch vĨrazov prekladateŎ najļastejġie siaha po takom rieġen², ktor® mu 

buŅ 1. umoģŔuje zachovanie metaforickosti a funkļnosti konceptu§lnych dom®n metaforickej 

projekcie, implementovanĨch do ġtrukt¼ry (formy) a obsahu metafory alebo 2. realizuje tak¼ 

transformáciu, ktorá zachová nominatívny zmysel metaforického termínu a nevyhnutne spôsobí 

modifikáciu lexikálno-s®mantickĨch a gramatickĨch charakterist²k term²nu. VoŎba 

adekvátneho ekvivalentu pri preklade termínu s nízkou variabilitou je výsledkom vysokej 

zodpovednosti prekladateŎa a jeho voŎby vhodných prekladových konvencií za profesionálny 
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pr²stup od spracovaniu hypot®zy vĨznamu prekladovĨch jednotiek aģ do ġt§dia presn®ho 

vymedzenia ekvivalentu prekladovej jednotky. Ako uv§dza Ġtefkov§, Ăekvivalenty maj¼ svoj 

vlastnĨ ģivot, viacer® prijme prekladateŎsk§ alebo odborn§ komunita, opakovane ich pouģ²va, 

a tĨm sa stan¼ akousi kognit²vnou rutinou.ñ (2014, 123). Ļasto je znakom profesionality, aby 

prekladateŎ poznal a pouģ²val tak®to ust§len® ekvivalenty (Bielov§, 2008, 26). Nemenej 

d¹leģitĨmi sú v rámci zauģ²vanĨch prekladových konvencií prekladateŎsk® postupy, späté 

s kvalitnĨm a hŌbkovĨm reġerġom a verifik§ciou, a n§slednou evalu§ciou prekladateŎskej 

strat®gie (Jenļ²kov§, 2020; 2021) navrhnut®ho ekvivalentu aģ do momentu overenia jeho 

funkļnosti v cieŎovom jazyku. A. Koģelov§ uv§dza niekoŎko kompetenci² prekladateŎa, 

ktorĨmi by mal disponovaŠ: Ăjazykov§, interpretaļn§, reġerġn§ a verifikaļn§, kult¼rna, 

strategick§, technick§, trhov§ a (meta)kritick§ñ (Koģelov§, 2018, 133) a v tejto s¼vislosti 

konġtatuje, ģe vªzbu medzi reġerġnou a verifikaļnou kompetenciou (a inĨmi) prekladateŎa 

nemoģno prehliadnuŠ (2018). 

 

2 MetaforickosŠ Ŏudsk®ho myslenia v technickĨch ved§ch. Preklad 

metaforických termínov. Diskusia 

Bez metaforického modelovania reality, ktoré je zafixované vo výsledkoch Ŏudskej ļinnosti 

a rovnako aj vo vede, by nebolo moģn® ani samotn® soci§lne vedomie. Ako uv§dza 

AruŠunovov§, je nevyhnutné citlivo pristupovaŠ k modelujúcej funkcii metafor, ktorá 

Ănielenģe formuje predstavy o objekte, ale predurļuje aj sp¹sob a ġtĨl myslenia o Ŕomñ. 

(AruŠunovov§, 1999, 378) To, ļo pre n§s predstavuje kognit²vna metafora, vġak nie je ani 

obmedzen® ani propozicion§lne. V tejto s¼vislosti D. Davidson (1991) uv§dza, ģe nejde o 

to, ļo metafora skrýva, ale akcentuje to, k ļomu a k akým významom nás metafora privádza. 

ĂMaj¼c na zreteli cieŎ vymenovaŠ, ļo vġetko metafora Ăoznaļujeñ sa skôr dostaneme k 

pochopeniu, ģe zoznam je nevyļerpateŎnĨ a nem§ konca.ñ (Davidson, 1990, 191). Fix§cia 

skrytého obsahu, imanentného zmyslu metaforou nie je niļ²m iným neģ jej samotným 

pôsobením na naġe poznanie. Medzi obrazmi poznávaného a uchovávaného v skúsenosti a 

slovom ako takĨm, podŎa Davidsona (1991), nejestvuje a ani nie je moģn§ ekvivalentn§ 

výmena. A teda, povedané spolu s A. PotebŔom: ĂMetaforickosŠ je veļnĨm atribútom 

jazyka a preklad metafory je moģnĨ len prostredn²ctvom metaforyñ. (PotebŔa, 1958, 590) 

Metaforické modelovanie7 je ako komplexný mentálny a kognitívny proces chápané ako 

pragmatické odhaŎovanie významových korelácií medzi univerzálnym a unikátnym vo 

významových priestoroch, ļo predpoklad§ moģnosti n§jsŠ prienikové a konfliktné sféry 

nacionálneho a internacionálneho. PodŎa A. P. Ļudinova m¹ģe byŠ metafora slovom, ktoré 

disponuje obrazným významom, ale aj procesom metaforickej expanzie sémantiky v jazyku 

v podobe konkrétnej komunikaļnej situácie ļi formou myslenia, kognitívnym 

mechanizmom samotných komunikaļnĨch procesov ļi mechanizmom  získavania 

poznatkov rezultatívnosti. Samotná metafora v podobe metaforického termínu je tak 

výsledkom metaforickej projekcie (transpozície významu) na báze analógie dvoch 

 

7 Tento termín bliģġie objasŔuj¼ práce N. D. AruŠunovovej, V. V. Gaka a G. B. SkŎarevskej. 
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významov. V dôsledku tzv. metaphorical mapping, t. j. metaforickej projekcie empirických 

významov zo zdrojovej do cieŎovej domény ġtrukt¼ruj¼ elementy zdrojovej domény menej 

pochopiteŎn¼ konceptu§lnu cieŎov¼ dom®nu, ļo z§roveŔ tvor² esenciu kognit²vneho 

potenci§lu metafory. Zdrojom poznatkov, tvoriacich konceptu§lne dom®ny je sk¼senosŠ 

bezprostredn®ho vz§jomn®ho p¹sobenia ļloveka a objekt²vneho re§lneho sveta. 

Metaforická projekcia tak neprebieha iba medzi jednotlivými elementami, komponentami 

oboch tĨchto ġtrukt¼r poznatkov, ale aj medzi celĨmi ġtrukt¼rami konceptu§lnych dom®n. 

V pr²pade, ģe v priebehu metaforickej projekcie d¹jde aspoŔ k parci§lnemu zachovaniu 

ġtrukt¼ry zdrojovej dom®ny alebo jej ¼plnej transpolácii v cieŎovej dom®ne, ide o tzv. 

invariant (tu sa opierame o podstatu Lakoffovej hypotézy invariantnosti ï Invariance 

Hypothesis) (Lakoff, 1990). Transpoláciou významov konceptuálnej metafory do iného 

diskurzu ļastokr§t expedient Ămanipulujeñ s prvotnĨm vĨznamom konceptu§lnej b§zy 

(konceptu) metafory tak, aby metaforický model, t. j. prenos konceptu do cieŎovej domény 

s konkr®tnym obsahom vyuģil pre svoj komunikaļnĨ z§mer (intenciu). 

 

2. 1 Ġpecifik§ translácie metaforických termínov 

Pri preklade metaforických termínov vychádzame z nasledujúcich kritérií: 

1. Odborn§ komunikaļn§ sf®ra je ġpecifick§ pouģ²van²m tak®ho komunikaļn®ho ġtĨlu, 

ktoré neraz umoģŔuj¼ filológom a translatológom nahliadnuŠ nielen za oponu beģn®ho 

jazyka, ale aj ġpecifik§ odborn®ho jazyka a n§uļn®ho ġtĨlu. Diskurz odbornej sf®ry je 

teda objektívny (deskriptívny a kritický), vecný a bez expresie (Slanļov§ et alii, 2023). 

Preto  aj  preklad  metaforického  termínu  predpokladá  absenciu  emocionálnej 

a expres²vnej zloģky. 

2. Term²n m¹ģe byŠ motivovanĨ (obraznosŠ alebo anal·gia objektu ļi javu, ikonicko- 

symbolická korelácia) alebo v dôsledku internacionalizácie prijatý do sústavy 

terminologickej bázy vedeckej disciplíny a akceptovaný vedeckou obcou (ako 

arbitr§rny, nemotivovanĨ). M¹ģe disponovaŠ diferencovanou ġtruktur§lnou 

charakteristikou (v z§vislosti od poļtu jeho komponentov) a odliġnĨm stupŔom 

kumulácie metaforickej projekcie (konceptuálnych domén). 

3. V d¹sledku ļo najvyġġej moģnej miery pri dosiahnutí vecnosti a objektivity v procese 

pri nominácie objektov a javov z oblasti technických vied m¹ģe d¹jsŠ k Ăzmieġavaniuñ 

konceptu§lnych dom®n, ļo sk¼senĨ prekladateŎ akceptuje. Pr²kladom rozġ²renej 

interpretácie Fauconnierovej a Turnerovej koncepcie dvojdoménového modelu 

metafory (tzv. two-domain model) o vªļġie mnoģstv§ priestorov (tzv. many-space 

model). Argumentáciou v prospech tejto koncepcie bola téza o tendencii metaforickej 

projekcie k priebehu v oboch (prechodných) priestoroch (middle spaces), ktorých sa 

metafora formuje (v cieŎovej a aj v zdrojovej doméne). Na báze vyġġie spomenutého je 

ģiaduce analyzovaŠ namiesto dvoch konceptu§lnych dom®n ġtyri ment§lne priestory: 

dva vstupné (východiskové) (input spaces), generický (spoloļnĨ, resp. generic space) 

a zmieġanĨ priestor (blend, resp. blended space). 

Napríklad, nami identifikovaný metaforický termín ʥʝʚʦʟʤʫʱʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ 

(trans. nevozmuġļonnoje dviģenije sputnika) obsahuje tri komponenty: jeden dynamický 
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(spätý s charakteristikou pohybu objektu, ktorý m¹ģe byŠ prítomný alebo absentovaŠ) a dva 

statické vo forme substantív. V tejto súvislosti bude pre nás podstatná aj Dolníkova idea o 

konceptuálnych schémach statického a dynamického charakteru (Dolník, 2009, 285ï287), 

priļom ĂStatick® sch®my sa vzŠahuj¼ na objekty a ġtrukt¼ry dejov, kĨm procesu§lne 

schémy sa dotýkajú priebehu deja (tejto diferenciácii zodpovedá dvojica výrazov FRAME 

ï SCRIPT)ñ (Doln²k, 2009, 285). V tejto f§ze analĨzy term²nu a n§vrhu prekladov®ho 

ekvivalentu sme stanovili, ģe term²n obsahuje dve z§kladn® konceptu§lne dom®ny. Ako 

konceptuálnu doménu 1 sme identifikovali subjekt pohybu a konceptuálnu doménu 2 ï 

potenciál a atribúty pohybu telies, ktoré nám umoģnia vytvoriŠ statickú schému, hypotézu 

významu a invariantnú hypotézu: 

 

Konceptuálna doména 1 

POHYB ï ĢIVOT 

Atribúty KD 1: prudkĨ, priamoļiary, rovnomernĨ, nerovnomerný 

Register: technické vedy ï kinematika ï Keplerov, keplerovský, ruġenĨ, neruġenĨ 

Konceptuálna doména 2 

VESMÍRNE TELESÁ ï ĢIV£ KOMPONENTY 

Subjekty: druģica, sputnik, satelit, vesmírne teleso 

Napr. druģica je v pohybe, letí, hýbe sa, vykonáva pohyb, kr¼ģi 

Hypotéza a reformulácia významu: metaforický termín vo východiskovom jazyku si zachováva 

vyġġ² stupeŔ obrazotvornosti, priļom ekvivalentom prekladu slova ʚʦʟʤʫʱʝʥʥʳʡ (trans. 

vozmuġļonnyj) je rozhorļenĨ, pob¼renĨ, rozhnevanĨ etc. RozhorļenosŠ/vozmuġļonnosŠ ako 

atrib¼t vesm²rneho telesa sa v ruġtine sp§ja s term²nom ʦʨʙʠʪʘʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ (astr. 

perturbácia), ktoré pomenúva odklon trajektórie vesmírneho telesa od prognózovanej orbity, ļo 

je vyvolan® gravitaļnĨm p¹soben²m, napr²klad, dvoch telies alebo odporom atmosf®ry.8 

Naruġen²m Keplerovského pohybu druģice vonkajġ²mi faktormi dochádza k vzniku naruġen®ho 

keplerovsk®ho pohybu druģ²c. TerminologickĨ portál SAV uvádza analogické terminologické 

spojenie, termín: keplerovská dráha kométy9, ktor§ m¹ģe byŠ v z§vislosti od ġpecif²k 

vonkajġieho vplyvu na dr§hu kom®ty vyjadren§ adjekt²vami neruġen§ (synonymum 

keplerovská) alebo ruġen§ dr§ha kom®ty. 

Prekladový ekvivalent: neruġenĨ (keplerovský) pohyb druģice // perturbovanĨ pohyb druģ²c 

Metaforická projekcia vzniká na základe interferenļn®ho prenosu a kombinácie konceptov (KD 

1 a KD 2). 

Analogickým spôsobom postupujeme pri preklade metaforického termínu ʬʠʛʫʨʘ 

ʚʘʣʴʩʠʨʦʚʘʥʠʷ ʩʧʫʪʥʠʢʘ (trans. figura vaŎsirovanija sputnika), ktor§ sp§ja dve konceptu§lne 

domény: 

KD 1 
 

8 ɹʦʣʴʰʘʷ ʨʦʩʩʠʡʩʢʘʷ ɻ ʥʮʠʢʣʦʧʝʜʠʷ 2004ï2017. (január 2025). 

https://old.bigenc.ru/physics/text/1924475 
9 Terminologický portál SAV. (február 2025). 

https://terminologickyportal.sk/wiki/Term%C3%ADn:keplerovsk%C3%A1_dr%C3%A1ha_kom%C3 

%A9ty 
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ĢIVOT ï POHYB (SUBDOMÉNA POHYBU ï TANEC) 

TancovaŠ valļ²k (ʚʘʣʴʩʠʨʦʚʘʪʴ) 

KD 2 

VESMÍRNE TELESÁ ï KOMPONENTY VESMÍRU 

Satelity, druģice sú schopné vykon§vaŠ ot§ļavĨ, kr¼ģivĨ pohyb (tancovaŠ (valļ²k)) 

KD 3 

ʚʘʣʴʩʠʨʫʶʱʠʝ ʧʣʘʥʝʪʳ; ʥʝʚʦʟʤʫʱʝʥʥʘʷ ʠ ʚʦʟʤʫʱʝʥʥʘʷ, ʬʠʛʫʨʳ ʚʘʣʴʩʠʨʦʚʘʥʠʷ (Beleckij, 

2011). 

KD 1 sa dok§ģe projikovaŠ do konceptu§lnej metafory, tvorenej na b§ze zdrojovej dom®ny 

ĢIVOT ï POHYB (tancovaŠ valļ²k) do cieŎovej domény planéty obiehajúce (koho-ļo)/ planéty 

kr¼ģia okolo (ļoho) (KD 2) alebo tvorenej na b§ze zdrojovej dom®ny vykon§vaŠ ot§ļavĨ, 

kr¼ģivĨ pohyb do cieŎovej dom®ny ruġenĨ/neruġenĨ ot§ļavĨ pohyb druģ²c (KD 3). 

Vġetky konceptuálne domény v generickom priestore reprezentuj¼ atrib¼ty ot§ļav®ho pohybu 

druģ²c. 

 

2.2 MotivovanosŠ metaforických termínov z oblasti technických vied 

Metafory v technických textoch sa napriek prognóze, ktorá vychádza z predstavy o sterilite 

expresie vo vedeckého textu, jeho vysokej objektívnosti a funkļnosti vyskytujú v hojnom poļte 

a maj¼ nezastupiteŎn® miesto pri Ņalġom vĨvoji a budovan² vedeck®ho myslenia. Tak, 

napr²klad, zn§my ĂBrummov efektñ (hovor.) nie je niļ²m inĨm ako f·nickou asoci§ciou s 

efektom Wah-wah, ktorý sa ļastokr§t spája so slangovým výrazom Ăkvákadloñ (v rus. ʚʘʫ-ʚʘʫ, 

ʢʚʘʢʫʰʢʘ, ʢʚʘʢʝʨ, ʢʚʘʢ), oznaļuj¼cim skupinu zvukovĨch efektov. V tematickej skupine 

akustika nachádzame reprezentanty metaforického prenosu na báze asociatívnosti, napríklad: 

budený reproduktor (rus. ʨʝʧʨʦʜʫʢʪʦʨ ʩ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʝʤ), lievikový reproduktor (rus. 

ʨʫʧʦʨʥʳʡ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʴ), pouliļnĨ reproduktor (rus. ʚʳʥʦʩʥʦʡ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʴ), 

páskový reproduktor (rus. ʣʝʥʪʦʯʥʳʡ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʴ), kravatový mikrofón (rus. 

ʛʘʣʩʪʫʢʦʚʳʡ ʤʠʢʨʦʬʦʥ). Analógie kompetencií alebo ļinnost² ģivej alebo neģivej substancie 

odhaŎuj¼ potenci§l v konġtruovan² konceptu§lnych dom®n na z§klade antropocentrickĨch 

metafor, napríklad: ʧʨʳʛʘʶʱʠʝ ʛʝʥʳ (slov. skákavé gény, transpozóny, ktor® m¹ģu doslova 

preskakovaŠ v rámci jedného chromozómu, medzi dvoma chromozómami alebo z chromozómu 

na plazmid), ʦʯʘʨʦʚʘʥʥʘʷ ʯʘʩʪʠʮʘ/ʦʯʘʨʦʚʘʥʥʳʡ ʢʚʘʨʢ/c-ʢʚʘʨʢ (z angl. charm; slov. 

pôvabný kvark/ kvark c / ġarmovĨ kvark; kvark druhej generácie s elektrickým nábojom +(2/3) 

e) alebo ʩʪʨʘʥʥʳʡ ʢʚʘʨʢ / s-ʢʚʘʨʢ (etymol. od názvu kvarku ʩʪʨʘʥʥʦʩʪʴ, angl. Strangeness, 

t.j. slov. podivný kvark alebo kvark s; je kvark druhej generácie s elektrickým nábojom -(1/3) e 

a podivnosŠou -1.) 

 

3 Záver 

Základnou úlohou prekladu komunikátu z oblasti technických vied je jasné a presné, 

zrozumiteŎn® sprostredkovanie invariantnej inform§cie. Pr§ca s komunik§tmi z technickej 

oblasti si n§rokuje citlivejġ² profesion§lny a explicitne presnĨ pr²stup prekladateŎa, keŅģe 

technickĨ text je saturovanĨ term²nmi r¹zneho stupŔa n§roļnosti, a nezriedka aj 

metaforickými termínmi, ktoré si vyģaduj¼ odborný, exaktný prístup a dodrģanie 
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prekladových konvencií. PrekladateŎ preto musí k textom odborného funkļn®ho a n§uļn®ho 

ġtĨlu pristupovaŠ zodpovedne a s vyuģit²m vġetkĨch prekladateŎskĨch kompetencií. 

Z hŎadiska pouģitia funkļnej prekladateŎskej met·dy je ļastokr§t samotn§ substitúcia 

rozġ²ren§ o preklad s pomocou metaforickej explik§cie, lexik§lno-sémantickej 

transformácie na základe analýzy konceptuálnych domén aj identifikácie motivovanosti 

termínov. 
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Tendence k nominalizaci v ruskĨch a ļeskĨch odbornĨch textech 

Nominalisation Tendencies in Russian and Czech Technical Texts. 

Gabriela Maty§ġkov§ 

 

 

Abstrakt  

PŚ²spŊvek si klade za c²l podtrhnout dŢleģitost komparativn²ho pŚ²stupu pŚi vĨuce odborn®ho 

ciz²ho jazyka v oblasti terci§rn²ho vzdŊl§v§n². V tomto pŚ²padŊ jde o vĨuku slovanskĨch 

jazykŢ, ruġtiny a ļeġtiny, a to na odborných textech. K obecným vlastnostem odborného textu 

patŚ² mimo jin® abstraktnost a obecnost, jejichģ form§ln²m projevem je nominalizace. 

Stylisticky neutr§ln² vyjadŚov§n² je sp²ġe verb§ln², avġak v odborn®m psan®m projevu lze 

pozorovat tendenci k nominalizaci. Gramatickými výrazovými prostŚedky této tendence jsou 

t®ģ verb§ln² substantiva, kter§ hojnŊ vstupuj² do verbonomin§ln²ch spojen². Typick® je pak 

upŚednostnŊn² tŊchto verbonomin§ln²ch konstrukc² pŚed slovesnĨmi pŚ²sudky. Ļl§nek se 

zamŊŚuje na uģit² a analĨzu zm²nŊnĨch gramatickĨch prostŚedkŢ v ruskĨch a ļeskĨch 

odbornĨch textech z oblasti pŚ²rodn²ch vŊd. VĨzkum je proveden na materi§lu z geologick® 

literatury a je doplnŊn pŚ²klady a podpŢrnĨmi statistickĨmi ¼daji. 

 

Kl²ļov§ slova: nominalizace, odborný cizí jazyk, odborný text, verbální substantivum, 

verbonominální spojení 

 

Abstract 

The paper aims to emphasise the importance of a comparative approach in teaching a foreign 

language for specific purposes within the tertiary education. In this case, using technical texts 

for teaching cognate Slavic languages, Russian and Czech, is concerned. The general features 

of a technical text include, among others, abstractness and generality, which are manifested in 

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- 

nominal constructions. The preference for verbo-nominal constructions over verbal predicates 

is also typical. The article focuses on the use and analysis of the abovementioned grammatical 

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 Úvod 

V pŚedkl§dan®m pŚ²spŊvku pŚedstav²m komparativn² pohled dŢleģitĨ pro vĨuku odborn®ho 

cizího jazyka. V odborném textu má myġlenka silnou argumentaci, obzvl§ġŠ je zdŢraznŊn chod 

logick®ho uvaģov§n². C²lem vŊdy je odhalovat z§konitosti, a pr§vŊ odtud pramen² charakter 

odborn®ho jazyka, kterĨ je tedy abstraktn², obecnĨ a logicky prŢkaznĨ, jak uv§d² rusk§ 

lingvistka Koģinov§ et al. (2008, p. 289). Ļl§nek je zamŊŚen na jeden aspekt psaného odborného 

jazyka, a tím je jeho abstraktnost a obecnost. Tyto vlastnosti jsou v gramatické rovinŊ form§lnŊ 

vyj§dŚeny nominalizac². Ve stylisticky neutr§ln² komunikaci je bŊģn® verb§ln² vyjadŚov§n², 

avġak v odborn®m stylu lze pozorovat pr§vŊ tendenci k nominalizaci. 

Tendence k abstraktnosti a obecnosti výrazu se projevuje nominalizací projevu. Mezi 

gramatick® vĨrazov® prostŚedky nominalizace n§leģ² verb§ln² a deadjektivn² substantiva, 

verbonomin§ln² spojen², ŚetŊzen² genitivŢ a v ruġtinŊ tak® uģit² jmennĨch tvarŢ adjektiv. Zde 

budou analyzov§na vĨġeuveden§ substantiva a verbonomin§ln² spojen² v ruskĨch a ļeskĨch 

odborných textech na analogické téma. 

Projevem nominalizace a s t²m souvisej²c² Ăintelektualizace vĨrazuò je v textu vŊtġ² pod²l 

abstrakt (Beļka, 1992, pp. 241ï242), kter§ bĨvaj² souļ§st² ust§lenĨch obratŢ. V odborn® 

literatuŚe se jako pŚ²klady abstraktn²ch jmen uv§dŊj²: ʚʦʟʜʝʡʩʪʚʠʝ, ʠʩʩʣʝʜoʚʘʥʠʝ (Golovko, 

2020, p. 43); zahájení, zástava (Beļka, 1992, p. 231). Verb§ln² substantiva nesou vĨznam 

slovesa, vyjadŚuj² ļinnost, proto se také oznaļuj² jako slovesná. Jsou rovnŊģ prostŚedkem vŊtn® 

kondenzace. U verb§ln²ho substantiva lze uplatnit vġechny valenļn² pozice vĨchoz²ho slovesa 

a rovnŊģ je moģn® vyuģ²t spojen² s negaļn²m prefixem. Tato verb§ln² substantiva bĨvaj² tak® 

souļ§st² verbonomin§ln²ch spojen². 

S nominalizac² souvis² i pojet² dŊjov® dynamiky a statiky. Z podhledu Beļky (1992, p. 232) 

totiģ statika znamen§ z§konitost, pravidelnost, tedy i obecnost. V odborn®m stylu se i jinak 

dynamická slovesa uģ²vaj² ve významu statickém. V odborných textech je to bŊģnŊjġ² neģ 

v beletrii, protoģe se jimi vyjadŚuje ĂpŚedevġ²m tŚ²dŊn², ļasto definice a nejednou i pŚ²ļinnĨ 

vztahñ (Beļka 1992, p. 230). PŚ²kladem statických sloves jsou slovesa být a mít, ale také n§leģet, 

patŚit, skládat se. Srov. pŚ²klad vŊty se slovesem být: Jsou tŚi rŢzn® nervové soustavyé Sloveso 

mít se ļasto vyskytuje v ust§lenĨch slovn²ch spojen²ch, napŚ. m²t dŢleģitost, mít význam. 

Beļka (1992, p. 231) oznaļuje verbonomin§ln² spojen² term²nem Ărozloģen§ vazba slovesn§ñ, 

kdy samo dŊn² je vyj§dŚeno nomin§lnŊ. Jako pŚ²klad autor uvádí vŊtu: Dochází k patologickým 

zmŊn§m v organismu. Tento jev je pŚ²kladem tzv. multiverbizace, která umoģŔuje zpŚesnit nebo 

rozvinout vĨznam jednoslovn®ho pojmenov§n², zde napŚ. atributem patologickým. PŚ²kladem 

v ruġtinŊ pak mŢģe bĨt verbonomin§ln² spojen² ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ namísto slovesa 

ʦʙʨʘʙʘʪʳʚʘʪʴ (Golovko, 2020, p. 42). Plnovýznamové sloveso je nahrazeno slovesem 

s oslabenĨm vĨznamem, kter® nese gramatick® kategorie, a s®mantickĨm j§drem vyj§dŚenĨm 

dŊjovĨm substantivem ʦʙʨʘʙʦʪʢʫ nebo dŊjovĨm substantivem odvozenĨm od slovesa ï 

zmŊna. Golovko (2020, p. 43) tak® tvrd², ģe verbonomin§ln² spojen² maj² rovnŊģ zobecŔuj²c² 

¼ļinek. Tyto konstrukce totiģ maj² univerz§ln² charakter, napŚ. konstrukce ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ 

znamen§, ģe analyzovat nŊjakĨ probl®m mŢģe obecnŊ kdokoli. 
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Verbonominální spojení se z pohledu syntaxe interpretuje jako speciální druh predikátu, a to 

predik§t analytickĨ. Ten je vyj§dŚen ust§lenĨm verbonomin§ln²m spojen²m, kter® tvoŚ² 

celistvou s®mantickou jednotku (Fl²drov§, Ģaģa, 2013, p. 43). Srov. pŚ.: 

ʉʪʫʜʝʥʪʳ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʨʝʰʝʥʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ. V ļeġtinŊ v tomto 

pŚ²padŊ verbonomin§ln²mu spojen² mŢģe odpov²dat pouze sloveso: Studenti se ¼ļastn² 

rozhodování o pedagogických otázkách. 

 

2 Metody 

Uģit® pŚ²klady poch§zej² ze dvou publikac², jedn® rusk® (Sovremennye problemy izuchenija 

golovonogikh molljuskov (Sov)) a jedn® ļesk® (Geologick® vĨzkumy na MoravŊ a ve Slezsku 

(Geo)), obŊ byly vyd§ny roku 2021. Jsou vyhodnoceny s pomoc² kvalitativn² metody ï 

sledovan® gramatick® prostŚedky jsou u pŚ²kladovĨch vŊt pops§ny. Statistick® ¼daje jsou 

pŚevzaty z m®ho dizertaļn²ho vĨzkumu proveden®ho na materiálu ze sf®ry pŚ²rodn²ch vŊd, jde 

o texty z geologick® literatury, ze sborn²kŢ z konferenc² a z ļasopisŢ. V tomto vĨzkumu bylo 

kvantitativnŊ vyhodnoceno 10 % dokladového materiálu. To odpovídá 10 ruským a 10 ļeskĨm 

odborným textŢm. Analyzovaný materiál byl vydán v letech 2019-2022. Statistické údaje jsou 

d§le prezentov§ny ve sloupcov®m a vĨseļov®m grafu. 

 

3 Výsledky 

PŚ²klady ze zkoumanĨch textŢ ukazuj² pouģit² verb§ln²ch a deadjektivn²ch substantiv. Jsou 

vytvoŚena od verba nebo adjektiva. V odborn®m textu je moģn® pozorovat nŊkolik takovĨch 

substantiv v jedn® vŊtŊ (viz pŚ²klad 3, kde jsou takov®to prostŚedky ļtyŚi: ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ, 

ʚʩʪʨʝʯʘʝʤʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʠ, ʥʘʣʠʯʠʝ, pŚ²klad 9, kde jsou tyto prostŚedky tŚi: podm²nŊnost, 

omezení, protaģen²m). 

Pro ruský vŊdeckĨ styl jsou typick§ verb§ln² substantiva rodu stŚedn²ho na -ʠʝ (pŚ²klady 1ï4), 

oznaļuj²c² dŊj, a abstrakta (deadjektiva) rodu ģensk®ho na -ʦʩʪʴ (pŚ²klady 3ï5) oznaļuj²c² 

vlastnost. V ļeġtinŊ je to stejné, uplatŔuj² se verbální substantiva stŚedn²ho rodu na -n(í) nebo 

-t(²) utvoŚen§ z trpn®ho participia a skloŔovan§ podle vzoru staven², zat²mco abstrakta na -ost 

patŚ² k deklinaci kost (pŚ²klady 6ï10). 

1. ʉʢʘʟʘʥʥʦʝ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʪʨʷʜʘ Ommastrephida (Bizikov, 2008), 

ʚʢʣʶʯʘʶʱʝʛʦ ʩʝʤʝʡʩʪʚʘ Plesioteuthidae ʠ Ommastrephidae, ʩʦ ʚʨʝʤʝʥʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʦʪ ʶʨʳ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. (Sov, p. 12) 

2. ɺʝʨʦʷʪʥʦ, ʨʘʢʦʚʠʥʳ ʤʦʣʣʶʩʢʦʚ ʙʳʣʠ ʫʞʝ ʧʫʩʪʳʤʠ ʢ ʤʦʤʝʥʪʫ ʟʘʭʦʨʦʥʝʥʠʷ ʚ ʦʩʘʜʢʝ 

ʠ ʟʘʧʦʣʥʷʣʠʩʴ ʠʤ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʦʮʝʩʩʳ ʯʘʩʪʠʯʥʦʛʦ ʝʛʦ ʨʘʩʪʚʦʨʝʥʠʷ 

ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʪʘ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. (Sov, p. 57) 

3. ʉʦʛʣʘʩʥʦ ʝʡ, ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʣʝʟʠʦʪʝʫʪʠʜ ʢ Octobrachia ʫʢʘʟʳʚʘʶʪ: ʜʦʚʦʣʴʥʦ 

ʯʘʩʪʘʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʫ ʥʠʭ ʦʪʧʝʯʘʪʢʦʚ ʚʦʩʴʤʠ ʨʫʢ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ 

ʦʪʧʝʯʘʪʢʦʚ ʱʫʧʘʣʝʮ, ʥʘʣʠʯʠʝ ʧʝʨʝʧʦʥʢʠ-ʫʤʙʨʝʣʣʳ ʤʝʞʜʫ ʨʫʢʘʤʠ (é). (Sov, p. 11) 

4. ʀʟʤʝʥʯʠʚʦʩʪʴ ʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʦʣʝʙʘʥʠʷʭ h ʠʨʠʥʳ ʧʫʧʢʘ (ʩʪʝʧʝʥʴ ɻ ʚʦʣʶʪʥʦʩʪʠ). 

(Sov, p. 16) 
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5. ʅʝʩʤʦʪʨʷ ʥʘ ʯʘʩʪʦ ʩʣʘʙʫʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʩʪʴ ʦʢʘʤʝʥʝʣʦʩʪʷʤʠ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʨʘʟʨʝʟʦʚ ʚ ʵʪʦʤ ʨʘʡʦʥʝ, ʟʘ ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ ʫʜʘʣʦʩʴ ʩʦʙʨʘʪʴ ʦʙʰʠʨʥʳʝ 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ (é). (Sov, p. 35) 

6. N§znaky pŚednostn²ho uspoŚ§d§n² klastŢ spolu s horizont§ln² stratifikac² naznaļuj² 

selektivn² depozici a pravdŊpodobnŊ pŚ²valovĨ charakter s dominanc² materi§lu 

transportovaného trakcí. (Geo, p. 26) 

7. PloġnŊ omezen® hodnocení fluvi§ln² architektury vede prim§rnŊ k hledání Ś²d²c²ch faktorŢ 

sedimentace v autigenních procesech. (Geo, p.65) 

8. Pouhé vizuální srovnání jednotlivých profilŢ ukazuje na podobnost v rozloģen² polí rezistivit 

i nehomogenit. (Geo, p.62) 

9. Jejich tektonická podm²nŊnost se projevuje i v morfologickém omezení skalního okraje, které 

koresponduje s protaģen²m tŊchto p§sem. (Geo, p.71) 

10. Navzdory této odliġnosti v kvantitativním sloģen² asociac² nen² mezi vzorky t®mŊŚ ģ§dnĨ 

kvalitativní rozdíl. (Geo, p. 117) 

Dále uvádím nejfrekventovanŊjġ² pŚ²klady verbálních substantiv stŚedn²ho rodu z ruského 

a ļesk®ho dokladov®ho materi§lu (jsou Śazeny abecednŊ): 

ʟʥʘʯʝʥʠʝ, ʠʟʫʯʝʥʠʝ, ʠʩʢʣʶʯʝʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʙʩʣʝʜʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʠʝ, ʦʪʣʦʞʝʥʠʝ, 

ʨʘʟʥʦʦʙʨʘʟʠʝ, ʨʘʩʩʪʦʷʥʠʝ, ʫʪʦʯʥʝʥʠʝ; mŊŚen², poġkozen², pouģit², propojení, pŢsoben², 

stanovení, utuhnutí, z§Śen², zrání, z¼ģen²; 

a také pŚ²klady hojných abstrakt (deadjektiv) ģensk®ho rodu: 

ʜʦʩʪʫʧʥʦʩʪʴ, ʟʘʚʠʩʠʤʦʩʪʴ, ʟʨʝʣʦʩʪʴ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, 

ʥʝʬʪʝʥʦʩʥʦʩʪʴ, ʦʩʦʙʝʥʥʦʩʪʴ, ʨʳʭʣʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ, ʩʦʭʨʘʥʥʦʩʪʴ; ļinnost, mocnost, 

neuspoŚ§danost, odliġnost, pozornost, pŚ²sluġnost, pŚ²tomnost, souļasnost, velikost, vzdálenost 

(Maty§ġkov§, 2024). 

V dokladovém materiálu je patrná také vysoká frekvence výskytu ruských verbálních substantiv 

ģensk®ho rodu konļ²c²ch na -ʮʠʷ, v ļeġtinŊ na -ce, v obou jazyc²ch vġak jde o slova ciz²ho 

pŢvodu, napŚ.: ʘʢʢʫʤʫʣʷʮʠʷ, ʚʘʨʠʘʮʠʷ, ʛʨʘʜʘʮʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ, 

ʢʦʣʣʝʢʮʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʠʛʨʘʮʠʷ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʵʢʩʧʝʜʠʮʠʷ; aplikace, deformace, 

determinace, fragmentace, identifikace, klasifikace, koncentrace, publikace, rekrystalizace, 

transformace (Maty§ġkov§, 2024). V pŚ²kladu 6 jsou ļtyŚi vĨskyty tŊchto substantiv v jedin® 

vŊtŊ: stratifikací, depozici, dominancí, trakcí. V pŚ²kladu 2 jde o dva vĨskyty ve vŊtŊ: 

ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. 

Z analýzy vzorku dokladového materiálu vyplĨv§, ģe frekvence výskytu verbálních substantiv 

rodu stŚedn²ho je v obou jazycích jednoznaļnŊ vyġġ² neģ abstraktních deadjektivních jmen rodu 

ģensk®ho. Konkr®tnŊ v rusk®m materi§lu jsem zachytila 74 % substantiv stŚedn²ho rodu (-ʠʝ) 

a 26 % rodu ģensk®ho (-ʦʩʪʴ). V ļesk®m pak 60 % substantiv stŚedn²ho rodu (-ní/tí) a 40 % 

ģensk®ho (-ost) (viz sloupcový graf 1). 
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Ruská a őŜǎƪł verbální a deadjektivní substantiva 
 
 
 
 
 
 
 
 
 
 
 

 
Ruská substantiva 2Ŝǎƪł substantiva 

 

 
Graf  1: Procentuální zastoupení verbálních a abstraktních deadjektivních substantiv 

v rusk®m a ļesk®m dokladov®m materi§lu 

 

Graf  2: PomŊr ruských a ļeskĨch verbálních a abstraktních substantiv v dokladovém 

materiálu 

Ve srovn§vac²m pohledu je v ruskĨch analyzovanĨch textech celkovŊ v²ce zm²nŊnĨch 

prostŚedkŢ neģ v ļesk®m materiálu, coģ potvrzuje hypotézu, ģe je charakter ruské vŊty ve vztahu 

k situaci v ļeġtinŊ více nominální. PomŊr ruských a ļeskĨch verbálních substantiv 

v dokladovém materiálu je zobrazen ve vĨseļov®m grafu 2. V ruském materiálu je 68 % 

a v ļesk®m 32 % ze vġech sledovanĨch substantiv. 
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Substantiva bývají souļ§st² verbonominálních spojení. Jsou to ustálená spojení verba 

a substantiva, kdy desémantizované sloveso vyjadŚuje jen obecný význam ļinnosti (dochází 

k potlaļen² dŊjov® sloģky slovesa) a konkrétní významové naplnŊn² tato konstrukce získá díky 

jmenn® ļ§sti. T²m se opŊt zvyġuje pod²l substantiv v textu a jeho nomin§ln² charakter. 

Substantivum v t®to konstrukci nav²c mŢģe bĨt rozvito atributem, a nomin§ln² ļ§st je tak 

objemnŊjġ².  Verbonominální  konstrukce  jsou  projevem  nejen  multiverbizace,  ale 

i redundantnosti a bohatý výskyt verbonominálních konstrukcí v ruském materiálu navíc 

dokazuje tendenci ruġtiny k analytismu. V obou porovn§vanĨch jazyc²ch plat², ģe 

verbonominální konstrukce je explicitnŊjġ² a pŚesnŊjġ² neģ pŢvodn² sloveso (srov. pŚ²klady 11ï 

14). Srov. pŚ. ust§lenĨch spojen² z dokladov®ho materi§lu: 

ʜʘʪʴ ʦʩʥʦʚʘʥʠʝ; ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ; ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧ. ʦʪʙʦʨ, ʧ. ʨʘʩʯʣʝʥʝʥʠʝ; 

ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʷ; dát impuls; poskytnout informace, p. údaje; prov§dŊt hodnocen², p. 

mŊŚen², p. rozbor, p. výzkum (Maty§ġkov§, 2024). 

Srov. pŚ. uģit² verbonominálních spojení ve vŊt§ch. 

11. ʅʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʧʨʷʤʦʨʘʢʦʚʠʥʥʳʤ ʮʝʬʘʣʦʧʦʜʘʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ ʐʘʭ-ʊʘʫ, 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʠʟʚʝʩʪʥʳʤʠ 

ʚʝʨʭʥʝʘʨʪʠʥʩʢʠʤʠ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʤʠ ʖʞʥʦʛʦ ʋʨʘʣʘ (ʪʝʢʩʪʦʚʘʷ ʪʘʙʣʠʮʘ). (Sov, p. 

61) 

12. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʘʤʤʦʥʦʠʜʝʡ ʠʟ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ No12 ʠ No13, ʠʤʝʶʱʠʭʩʷ 

ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʘʚʪʦʨʘ ʥʘʩʪʦʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ (é), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʢʣʶʯʝʥʠʷ. (Sov, p. 20) 

13. Jiģn² polovina bĨval®ho odkaliġtŊ je d²ky rekultivaci pŚekryta v²ce neģ jeden metr mocnou 

nav§ģkou, jej²ģ pŚ²tomnost znemoģnila v této ļ§sti zájmové plochy provést odbŊry vzorkŢ. (Geo, 

p. 8) 

14. Mikroskopické studium vzorkŢ bylo prov§dŊno optickým mikroskopem Nikon Alphaphot 2. 

(Geo, p. 22) 

Oslabený význam mŢģe mít také sloveso ʠʤʝʪʴ (ʠʤʝʪʴ ʚʦʟʨʘʩʪ, ʠ. ʟʥʘʯʝʥʠʝ, ʠ. ʤʦʱʥʦʩʪʴ, 

ʠ. ʥʘʧʨʘʚʣʝʥʠʝ, ʠ. ʦʙʣʠʢ, ʠ. ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʠ. ʩʦʩʪʘʚ, ʠ. ʩʪʨʦʝʥʠʝ, ʠ. ʩʪʨʫʢʪʫʨʫ, ʠ. 

ʭʘʨʘʢʪʝʨé), coģ je i pŚ²pad ļeġtiny (mít charakter, m. obsah, m. podíl, m. podobu, m. 

potenciál, m. pŚevahu, m. sloģen², m. stavbu, m. tvar, m. velikosté, srov. n§sleduj²c² pŚ²klady 

15ï18). 

15. ɺ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʛʣʘʜʠʫʩʳ ʠʤʝʶʪ ʫʟʢʫʶ ʤʝʯʝʚʠʜʥʫʶ ʬʦʨʤʫ, ʨʘʩʰʠʨʷʶʱʫʶʩʷ 

ʢ ʧʝʨʝʜʥʝʤʫ ʢʦʥʮʫ. (Sov, p. 11) 

16. ʄʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦ ʵʪʘ ʤʝʣʴʯʘʡʰʘʷ ʩʪʨʫʡʯʘʪʦʩʪʴ ʠʤʝʣʘ ʘʜʘʧʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ. 

(Sov, p. 60) 

17. Karbonáty v mezerní hmotŊ mezi fluorapatity a v okolním vápenci mají podobné chemické 

sloģen². (Geo, p. 17) 

18. Protoģe tyto nadloģn² sedimenty nemají praktické vyuģit², jsou v z. ļ§sti lomu Ś²zenŊ 

sesouv§ny k patŊ svahu (obr. 2a). (Geo, p. 22) 

 

4 Diskuse 
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PŚi rusko-ļesk®m porovn§n² lze pozorovat, ģe se ruġtina i ļeġtina liġ² hlavnŊ rŢznĨm stupnŊm 

nominálnosti vŊty a analytismu. Vyġġ² míru nominalizace lze oļek§vat v ruġtinŊ z toho dŢvodu, 

ģe v ruġtinŊ je ¼stup od flexivn²ho typu spojen s oslaben²m pozice osobn²ho slovesn®ho tvaru 

a tak® se znaļnou nominalizac² vŊtnĨch sch®mat (konkr®tnŊ napŚ. absence spony v indikativu 

pr®zentu v ruġtinŊ, ļastŊjġ² pouģit² infinitivŢ, pŚechodn²kŢ, podstatnĨch jmen slovesnĨch 

(Bogoczová, 2018)) ï pr§vŊ výskyt verbálních a deadjektivních substantiv je pŚedmŊtem tohoto 

výzkumu. 

Srovnám-li  ruġtinu a ļeġtinu, je verbonominální spojení ĂexplicitnŊjġ² a vĨrazovŊ pŚesnŊjġ² neģ 

pouhé sloveso (ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ï ʘʥʘʣʠʟʠʨʦʚʘʪʴ); ï v tomto bodŊ jsou si ruġtina a ļeġtina 

bl²zk®ñ (Strakov§, 1989, p. 233). Substantivum tady nav²c mŢģe bĨt rozvito atributem. 

PŚedstavitel® ļesk® stylistiky tvrd², ģe Ănominalizaci pŚisp²v§ multiverbizaļn² tendence 

odborn®ho vyjadŚov§n² ï m²sto konkr®tnŊjġ²ho slovesa se objevuj² spojen² slovesa 

neplnovĨznamov®ho nebo s obecnŊjġ²m vĨznamem a substantivañ (Ļechov§ et al., 2008, p. 

221). 

AnalyzovanĨ ruskĨ a ļeskĨ vyexcerpovanĨ dokladovĨ materi§l a uveden® pŚ²klady potvrzuj² 

hojn® uģit² verb§ln²ch a deadjektivn²ch substantiv a verbonomin§ln²ch konstrukc² jakoģto 

vĨrazov®ho prostŚedku obecnosti a abstraktnosti. Z analĨzy vzorku dokladov®ho materi§lu 

vyplĨv§, ģe frekvence vĨskytu verb§ln²ch a abstraktn²ch (tak® deadjektivn²ch) substantiv rodu 

stŚedn²ho a ģensk®ho (vzor stavení a kost) v ļeġtinŊ a stŚedn²ho a ģensk®ho rodu (na -ʠʝ a -ʦʩʪʴ) 

v ruġtinŊ je jednoznaļnŊ vyġġ² u rodu stŚedn²ho, a to v obou jazycích. Konkr®tnŊ v ruġtinŊ jsem 

zachytila 74 % substantiv stŚedn²ho rodu (-ʠʝ) a 26 % rodu ģensk®ho (-ʦʩʪʴ); v ļeġtinŊ pak 60 

% substantiv stŚedn²ho rodu (-ní/tí), 40 % ģensk®ho (-ost). CelkovŊ více vġech verbálních 

a deadjektivních substantiv v dokladovém materiálu je v ruském materiálu ï 68 %, v ļesk®m 

32 %. Potvrzuje se tak pŚedpokl§danĨ vyġġ² stupeŔ nominalizace, a tím i vŊtġ² abstraktnost 

a obecnost ruských odborných textŢ ve srovnání s ļeskĨmi. Substantivum vstupuje do vŊty 

i jako souļ§st verbonomin§ln²ho spojen². 

 

5 Z§vŊr 

V tomto pŚ²spŊvku jsem se snaģila z rusko-ļesk®ho konfrontaļn²ho hlediska pŚibl²ģit 

problematiku tendence k nominalizaci na materiále psaného odborného cizího jazyka, kde je 

vĨskyt jmen vyġġ² neģ v hovorov®m jazyce, a souļasnŊ i v tomto vyhranŊn®m stylistick®m 

prostŚed² potvrdit jeho vyġġ² frekvenci v ruġtinŊ ve srovn§n² s ļeġtinou. Na z§kladŊ analĨzy 

jazykového materiálu mohu konstatovat, ģe je silná tendence k nominalizaci patrná jak 

v odborné ruġtinŊ, tak v ļeġtinŊ. Z hlediska kvantitativního vġak nominalizace dominuje 

v materiálu ruském (viz graf 2: 68 % sledovaných substantiv v ruském materiálu, jen 32 % 

v ļesk®m), tento rozdíl tedy musí být zohledŔov§n pŚi pŚekladu i výuce textŢ odborného stylu. 

Z²skan® poznatky lze vyuģ²t v pedagogick® praxi pŚi vĨuce odborn®ho ciz²ho jazyka na 

technick® univerzitŊ. 
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Using literature  to teach intercultural  topics: a case study 

 
Biljana Radiĺ-Bojaniĺ 

 

 

Abstract 

Raising intercultural competence is of utmost importance in the 21st century, especially for 

future teachers of English, who will  work in diverse classrooms and will  face many intercultural 

challenges. This paper, therefore, focuses on one way of achieving this goal through the use of 

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 ELT and who are covering a variety 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 cross-curricular 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 

study that is based on a short story ñThe Boy without a Flagò by Abraham Rodriguez Jr., which 

illustrates how micro cultures live and how they are treated by a macro culture, which 

intercultural conflicts can occur at the meso level, how these conflicts can be resolved and what 

conflict resolution styles are used by various characters in the story. The paper also shows how 

the short story can be re-written 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: intercultural competence, literature, micro cultures, conflict, resolution. 

 

1 Introduction  

In a world that is more diverse and interconnected than ever before, the need for intercultural 

communication has become a crucial aspect in different areas of life. One of the most important 

characteristics of communication in general is that it is omnipresent. Another important element 

of communication is the fact that it is contextual because the physical, psychological and social 

settings affect this process to a great extent, influencing the way messages are formulated and 

interpreted. However, a paramount dimension of communication, relevant across the globe, is 

that communication is culturally bound. This means that the message we send over cultural 

boundaries will  differ from the message received by the recipient. Within this context it is clear 
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that intercultural encounters also imply intercultural differences, which may lead to 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 many ways to introduce the concept of intercultural conflicts to students, to teach them 

about conflict resolution styles and to allow them to come up with other possible scenarios for 

the same situations. The students in question are enrolled at the Department of English Studies 

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  competence and communication 

The concept of intercultural competence is defined as the ability to function effectively across 

cultures, to think and act appropriately, and to communicate and work with people from 

different cultural backgrounds ï at home or abroad (Leung et al. 2014). This is a valuable asset 

in a globalised world where, for example, students are nowadays much more likely to 

communicate with people from diverse cultures and countries, vastly different from their own. 

According to UNESCOôs conceptual and operational framework of intercultural competence 

(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 

education (Radiĺ-Bojaniĺ 2019). 

The theoretical notion of intercultural communication refers to the process of at least two people 

from different cultures coming together and communicating with one another, i.e. exchanging 

verbal and non-verbal 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 Hofstedeôs dimensions of dimensions of cultural variability 

(Hofstede 1980), which distinguish individualism and collectivism, small/large power distance 

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- 

being and 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 

and open type of communication between teachers and students. On the other hand, 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, 

meaning that students view their teachers as ultimate figures of authority and often do not speak 

in class or ask questions. When it comes to uncertainty avoidance, this dimension of Hofstedeôs 

cultural dimensions focuses on tolerance for uncertainty and ambiguity or, more precisely, how 

threatening change is to a culture (Hofstede 1980). In high uncertainty avoidance cultures there 
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is little tolerance for risk-taking, with all members of the society seeking to minimize the 

unknown by implementing rules, laws, etc. Contrastively, members of low uncertainty 

avoidance cultures are much more comfortable with changes in the environment, with few rules 

and a shifting nature of various situations. People from this type of culture are more tolerant of 

change and less anxious if  something unforeseen happens. For example, a student may be more 

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 

masculine and feminine roles, with a masculine society being assertive, courageous, strong and 

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 are different from us. For that reason building and 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 

intercultural conflict has increased over the last decade, building an impressive body of works, 

studies and policy papers which aim at preventing and mediating intercultural conflict. 

The very concept of intercultural conflict has been defined as ñthe implicit or explicit emotional 

struggle between persons of different cultural communities over perceived or actual 

incompatibility of cultural ideologies and values, situational norms, goals, face-orientations, 

scarce resources, styles/processes, and/or outcomes in a face-to-face (or mediated) context 

within a sociohistorical embedded systemò (Ting-Toomey and Oetzel 2013: 635). From this 

definition it is clear that a lot of intercultural dimensions described in the previous section come 

into play and define the way people will approach conflict and the way they will resolve it. At 

the basis of all intercultural conflicts lies the belief in the correct behaviour of oneôs own 

cultural group (ethnocentrism) and the wrongness of the behaviour of the other cultural group. 

Depending on their cultural background, people will  approach conflict in various ways and seek 

different paths for conflict resolution. This is defined by Neuliep (2018: 570-571) as conflict 

communication styles and he lists them as follows: 

¶ 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; 

¶ integrating communication style: a person highly assesses both their own needs and 

goals and the goals and needs of the other party. The focus is on collaboration with the 

opponent to try to find an agreeable solution that fully satisfies both parties; 
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¶ compromising communication style: it is characterized by a balance between the needs 

and goals of both parties where they propose a middle ground for resolving the conflict 

with an understanding that they both may have to give up something to gain something; 

¶ avoiding communication style: a person ignores both their own needs and the needs of 

the other party, keeping the conflict to themselves and not discussing it; 

¶ 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 

the educational context it is always a good idea to provide examples that students can relate to 

and that they can discuss in order to deeply understand the concepts in question. For that reason 

in teaching the principles of intercultural communication at tertiary level we have attempted to 

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 communication styles of the characters in the short story. The next section briefly retells 

the story in question and then demonstrates what kinds of conflict communication styles the 

characters use and why, which is a process that students go through in classes when intercultural 

conflict is taught. 

 

4 Case study: The Boy without  a Flag 

Abraham Rodriguez, Jr.ôs story ñThe boy without a flagò published in 1992 centres around the 

school experiences of a Puerto Rican boy living in the Bronx (a New York borough). 

Encouraged by anti-American statements made by his father, he decides to take a stance against 

US colonialism at his Bronx high school by refusing to salute the USA flag. His teachers and 

the school principal, all of whom are also Puerto Rican, see this as an act of rebellion and decide 

to change the boyôs mind in various ways and force him to salute the flag. The boy is adamant 

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

takes the principalôs side. The boy is deeply disappointed and feels utterly betrayed because 

even the father, who had taught him about Puerto Ricoôs history and US colonialism, has 

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 

persuade the boy to give up on his decision. The cultural basis for the conflict is the difference 

between the US culture (macro culture), which is defended by the teachers and the school 

principal, and the Puerto Rican culture (micro culture), which is defended by the boy claiming 

his right to his own identity and freedom of choice. 

The way we approach teaching intercultural conflict styles with this short story is the following: 

the students are asked to read the story at home in order to learn about the 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, 

where students analyze the charactersô behaviour and words in order to determine their 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 boyôs teachers (see Picture 1). 

Picture 1. Mrs. Marti 

 

She uses the dominating style, which is obvious both from her words (ñit has to be forced upon 

themò, ñyou are nothingò, ñnot worth a damnò, ñjust a snotty-nosed little kid with a lot of stupid 

ideasò, etc.) and her body language (her heels are clacking like gunshots, her shadow fell 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). 

 

Picture 2. Mr. Rios 



Conference proceedings: 

Perspectives of Foreign Language Teaching for Professional Communication 

in Tertiary Education. 

50 

 

 

 

 

In this particular instance Mr. Rios uses the dominating style, just like Mrs. Marti in the 

previous example. His words are threatening (ñyou should do what you are told!ò, ñgo stand 

over there and put your hand over your heartò) and his behaviour is aggressive (he is 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 

realizes that the dominating style will  not accomplish anything with the boy. The characteristics 

of his integrating communication style are the solidary verbal expressions (ñlisten hereò, ñyou 

have a lot of gutsò, ñIôm willing to make a deal with youò) and his body language (he was 

nervous talking to the boy as opposed to the previous situation, when he had very threatening 

body language). 

 

Picture 3. Mr. Rios 

 

Another example of a conflict communication style is found in the dialogues with Miss Colon, 

who is trying to avoid the conflict (Picture 4). 

 

Picture 4. Miss Colon 

 

As opposed to the other teachers, she has some sympathy for the boy, which is seen in her words 

(ñare you ok?ò, ñwhere did you get such an idea?ò) and in her body language (she was 



Conference proceedings: 

Perspectives of Foreign Language Teaching for Professional Communication 

in Tertiary Education. 

51 

 

 

 

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). 

 

Picture 5. Miss Colon 

 

As for the verbal and non-verbal clues that students can find in this dialogue, we even have the 

word ñcompromiseò used in one of the sentences. Other clues include her admission that she is 

a Puerto Rican like the boy, her whispering the phrase ñaw cômonò and her caressing the boyôs 

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, when the boy persistently refuses to salute the flag, the school principal calls the boyôs 

father to the office. The boy is hopeful at first, since his own rebellion against the US flag stems 

in his fatherôs words and actions, but when the father comes to school, the only communication 

style he uses is obliging (Picture 6) because he wants to be perceived as cooperative by the 

school principal. 
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Picture 6. The father 

 

The verbal clues that signal the fatherôs obliging style are seen in the words he uses when he 

communicates with the school principal, expressing his ñshockò and surprise by the boyôs action 

and in the words he addresses the boy with: ñyou have to obey the rulesò, ñyou canôt do this, 

itôs wrongò. It is evident that the father obliges the school principal and shows no support for 

the boy or his decision not to salute the flag, which is extremely disappointing for the boy. He 

feels betrayed, ñlike I was falling down a holeò. Even the boy recognizes the fatherôs obliging 

style, which is seen in his words: ñnot an ounce of him seemed prepared to stand up for me, to 

shield me from the attackò. 

What students can do once they have identified and de-constructed different conflict 

communication styles in this short story is the following: 

¶ role play these situations to see what it looks like in reality and others can observe and 

give feedback; 

¶ re-write some of the dialogues using a different conflict communication style; 

¶ try to resolve the conflict in a way not mentioned in the short story; 

¶ write the alternative ending for the short story. 

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 

The benefits of using literature in intercultural teaching are multiple, so for example, this short 

story can also be used to teach other intercultural concepts such as ethnocentrism, group 

membership or micro cultures. This saves time as students do not have to read multiple works, 

but instead analyze one story from multiple cultural aspects. In addition, literary works can be 

sources of general world knowledge for students and feed into their other subjects (e.g. 
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translation, teaching methodology, etc.), thus ensuring horizontal ties among different courses 

that students take during their studies. In this manner they develop their academic competences 

from different perspectives and, overall, increase their critical thinking skills, both in the 

academic context and beyond it. 
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Padlet as a pedagogical tool in the ESP classroom 

 
Denisa Ġulovsk§ 

 

 

Padlet as a pedagogical tool in the ESP classroom 

Collaborative learning in tertiary education in general ï and in the ESP classroom in particular 

ï has long been considered beneficial, as it enhances soft skills, such as critical thinking, 

problem-solving 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 ï a versatile digital board ï showing some examples from our classroom and 

explaining their effect on participation and student engagement. 

 

Keywords: Padlet, collaborative learning, ESP classroom, soft skills, student engagement 

 

1 Introduction  

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

due to the Covid 19 pandemic, and foreign language instruction is no exception. Online teaching 

and the use of online digital tools have so much become part of the teaching and learning 

process, that without them, ñhardly could education processes exist these daysò Ta, T. 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 learning has been on the incorporation of 

various online tools into the teaching process, their effectiveness and perception by teachers as 

well as students. One of such tools is Padlet ï an online digital 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 all students and allows those ñoutside the vocal minorityò to get 

actively involved. In this article I aim to provide a brief overview of some of Padlet features 

and give some examples of the kind of activities that I have found useful in my classes of 

English for specific purposes at the Faculty of Arts, Comenius University. 

The use of Padlet has drawn some interest among those researching various aspects of 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 

classes. It aimed to find out whether there are significant differences in writing skills between 
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students who are taught by means of Padlet and those who are not, along with the participants´ 

perceptions of using Padlet (both students and teachers). Using semi-structured interviews for 

teachers and pre-test and post-test 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 study commented on 

the fact that ñstudents seem to be more enthusiastic and more creativeò when Padlet is used. 

(Novianto, 2022, p.80). 

Another study, conducted by Haris et al. (2017) investigated the effectiveness of Padlet while 

learning grammar in the ESL classroom. Their collected data included a statistical comparison 

of pre-tests and post-tests, which showed improved scores following the use of Padlet to teach 

grammar. In addition to this, a survey was conducted among the students and showed a high 

preference for and studentsô positive attitude towards using Padlet for learning grammar. 

Padlet can also have a positive influence on the communication skills of students, as shown by 

Deni and Zanial (2018). However, they also found that, despite good intentions, certain 

activities created some barriers to learning ï due 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 Padlet as a pedagogical tool 

Padlet can easily be used òin both traditional and online learning environmentsñ (Waltemeyer, 

et al. 2021, p.94). Compared to Kahoot for example, Padlet is primarily an online collaboration 

tool, a virtual digital board for sharing information, making it 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 soft-skills, highly valued by employers. As soft skills cannot be 

taught, the key to mastering them is practice (Kov§ļ, 2023). Activities supported by Padlet can 

foster many of the soft skills, thus aiding successful integration and functioning in work teams 

ï communication, creative and critical thinking, working with sources and finding information, 

drawing conclusions, collaboration and cooperation on finding solutions, along with effectively 

sharing information. 
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2.1 Padlet in the ESP classroom 

For the purposes of the ESP classroom, it is best if  the virtual board is carefully considered (its 

purpose, accessibility, etc.) and then created in Padlet in advance ï an account is needed for the 

teacher. Padlet offers several plans and the only free plan enables the creation of three boards. 

Boards can be customised, which means the teacher can choose from various layouts, such as 

a wall, timeline, grid, canvas, etc., as well as a completely blank canvas (called sandbox) to 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. 

Created boards can be accessed by other users through any device, be it 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 any personal information to participate. As Padlet has a 

very user-friendly 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 

have the QR code or link and the teacher keeps the board open. The teacher can control what is 

posted ï some posts will  require teacher approval to become visible ï or the teacher can delete 

a post. Padlet can also function as a convenient storage place of materials, prepared by the 

teacher as well as the students. The created board is immediately visible to all users with access 

and can also be made visible on a screen with the use of a data projector, although the 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 diverse ï users can add text directly, along with 

images, audio and video recordings, links and files such as pdf. Contributions can be added by 

multiple users ï 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 by other users. Shared content can then be used in a variety of activities and 

support all four skills (reading, writing, listening, speaking), ñno matter what the level of 

English and skillsò (Holohovina, 2021, p. 42). 
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2.2 Use of Padlet in the ESP classroom ï examples 

Due to its versatility Padlet is also well suited for ESP classes at the tertiary level. The areas in 

which I have found it particularly useful are: 

1. brainstorming ï 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. academic writing ï during the process of teaching to write academic texts of various length, 

Padlet can be very useful both inside and outside the classroom. Using Padlet for in-class 

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 well-written parts. As mentioned 

above, Padlet enables the presentation of just one post using a data projector, so it is very easy 

to work with. The example below (Figure 1) shows the board of student work uploaded during 

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

screen and collectively analysed. 

Figure 1 ï Submitted student work (task - paraphrasing) 
 

Peer review is another activity that is suitable for shorter academic texts ï going 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 longer pieces of academic writing can also be supported through Padlet. One situation 

in which I have found it useful is to use the board as a databank for collecting various resources. 

Only students or both the teacher and students can participate in the creation of the databank. I 

have found that uploading just one or two items and letting the students assemble the rest of the 

board themselves works best. 

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

collection of diverse sources on a particular topic uploaded both by the students and the teacher. 
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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. 

Uploaded materials in the databank were first discussed and then used by students individually 

to complete a task which involved writing a short literature review section of an academic paper 

on the topic. 

Figure 2 Work in process ï Databank of materials (for writing literature review) 
 

 

 

3. speaking ï 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 

negotiations and role-playing scenarios (see Figure 3 below). This not only ensures the student 

has read and understood the assigned material, researched the topic and looked for information, 

but also spent some time thinking about the topic and preparing the post while comparing it 

with posts already uploaded to the board. In essence, it significantly contributes to the fact 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 

decide what to post) or done individually before the lesson and the content can be then used in 

further activities. 
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Figure 3 Example of a board prepared for a simulated negotiation (ESP for Political Scientists) 
 

Depending on the activity, the virtual board can also consist of mostly visual information, such 

as maps, pictures or diagrams, which can be just as easily used for various speaking as well as 

writing activities. Below is an example of a board consisting predominantly of pictures ï 

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 

during the colloquium itself. As can be seen in Figure 4 below, some posts are awaiting teacher 

approval due to ñpossibly unsuitableò content, such as nudity and violence, and this serves as 

an illustration of how Padlet helps the teacher monitor the uploaded content even if  the teacher 

does not select the ñmonitor the postsò function. 
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Figure 4 Artwork uploaded by Art History students in preparation for a colloquium 
 

Exactly what is visible for the students to see on the board will depend on the type of board 

selected. One option is that students can instantly see on their devices everything posted, or the 

posts become visible only when approved by the teacher. 

If  the teacher prefers, another option is for students to have access only to the section that they 

or their group are working on. This will work particularly well if collected information is then 

used in further activities, for example in various speaking activities, where only individual 

students will  be in possession of ñspecialised knowledgeò as seen in the example below (Figure 

5). In this communicative activity, students of marketing communication researched the use of 

neuromarketing techniques in the specific company assigned to them in small groups, posting 

content (not unlike note-taking) visible only to those within the group (and the teacher who can 

see what is posted and offer guidance). Subsequently, students were redistributed in new groups 

with one representative for each company and thus being the only one in the newly formed 

group in possession of ñspecialised knowledgeò. Sharing and comparing their findings within 

the new group, students worked on a new task ï completing a worksheet ï given to them by the 

teacher. In the final stage, the whole board was made accessible to the class and its content then 

used in a separate (and individual) writing activity. 
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Figure 5 Example of student notes (ESP for Marketing Communication) for a communicative activity as visible 

to the teacher 

 

 

4. traditional exercises ï if the teacher prefers, it is also possible to use Padlet for more 

ñtraditionalò, less collaborative tasks and exercises that also tend to be less time consuming, for 

example, to test reading comprehension. Below is an example of such an exercise (print screen 

taken during the activity, so also an example of unfinished work). Students complete the Venn 

diagram during the lesson, extracting information from several reading sources. The board is 

displayed in the classroom throughout the activity (and, naturally, on the students ́devices), so 

they can check their work and see if they can add more. Note that in this instance, the sandbox 

canvas was used, and the name or alias of the student is not displayed. 
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Figure 6 Reading comprehension - collaborative task 
 

 

 

2.3 Suggestions for  other activities 

The examples described above illustrate just a few of the activities I use during my ESP classes. 

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 

can be creatively incorporated into ESP classes in any way the teacher sees fit.  For example, in 

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 individual students or for creating ñdebate mapsò guiding 

students through a discussion. But boards can also be created to practice grammar or vocabulary 

or used in storyboards. Individual speaking or listening practice can be encouraged through 

creating databanks, students can also be asked to share audio files of their work with the teacher 

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 Advantages of using Padlet 

Based on my experience, incorporating Padlet into classroom activities significantly enriches 

and supports English language learning. Beyond language practice, Padlet also promotes 

collaboration, communication, creativity, and critical thinking ï competencies that are crucial 
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in both academic and professional contexts. It strongly encourages interaction between students 

ï 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. 

Sharing and collaboration on a task is often seen as crucial for success in the workplace today. 

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, 

including those who tend to be reluctant to speak up in the classroom. Collaboration on various 

activities ensures that time spent in the classroom is student-centred, 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 

questions, participate in discussions, compromise and make decisions, exposes them to diverse 

perspectives, contributes to the development of higher-level thinking, can boost their 

confidence, etc. It partially removes the barriers that hinder some students from participating, 

supporting students in such a way that it enhances both their English language proficiency and 

soft skills (see Figure 7, selected results of an instant feedback survey focusing on perceived 

benefits of Padlet, involving 60 1st and 2nd year ESP students ï separate groups of 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 disadvantages ï which the instant survey mentioned above did not 

examine ï to get a more balanced view and to attempt to remove those barriers that may hinder 

learning or the well-being of students. 
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I found Padlet 

working on posts enjoyable 

posts were interesting and helpful 

allowed me to be creative in my approach to task 

enhanced my English 

encouraged discussions on solutions to a task 

taught me to compromise 

developed my communication skills 

helped develop my critical thinking 

helpful as a preparation for oral tasks 

helpful for writing assignments 

helpful in organising my thoughts 

made learning enjoyable 

easy to work with 

0 10 20 30 40 50 60 70 

 

Figure 7 Feedback survey ï perceived benefits by students 
 

 

3 Conclusion 

To sum up, Padlet ï as a versatile digital board ï is one of the available online digital tools that 

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 

collaborative nature, it encourages communication in English and fosters and enhances a range 

of soft skills, laying the foundation for success in the workplace. 
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Pursuing students  ́answers in classroom interaction 
 

 

Jana Lokajová 

Abstract 

 

The objective of this paper is to draw on EMCA analytic tradition of qualitative research to 

provide insight into several types of strategies that have the potential to lead students to answer 

a teacher´s questions after moments of silence. For the purpose of this study, four Slovak 

language lessons for foreigners were video recorded with three B1 groups of Ukrainian students 

in 2024 during a period of one month using two cameras, one directed at the teacher and another 

at the students in the classroom. Subsequently, Jeffersonian transcription was used to transcribe 

fine prosodic details of selected question-answer 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 

classroom ñecologyñ, namely a) grammatical rephrasing of WH questions, b) using ñdesignedly 

incomplete utterancesò (DIUs) and c) proferring a candidate answer in the teacherËs question 

turn. This technique was employed to provide students with the lead-in to the 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: classroom interaction, ethnomethodology, multimodality, 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 self-confidence 

(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) by Sacks (1992), Schegloff (1968) and Jefferson (1991), interactional phenomena, such 

as turn-taking (who speaks next), or repair (who corrects oneself and/or others and when) are 

observed by a detailed analysis of the so-called ñadjacency pairsñ. In a classroom interaction 
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the basic unit of interaction may be formed by adjacency pairs of a teacher´s questions that form 

an expectation of an answer, so a studentôs answer is a relevant subsequent action. If  the answer 

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 questions are done through repetitions of a teacher´s whole questions, specific question 

words that could have caused problems in understanding, or through translation to L1 (Hosoda, 

2014). Rephrasing the question to a polar, yes- no question, is also one of the methods that 

interactants employ to mobilize an answer after moments of silence and studies from ordinary 

interaction prove these are responded to faster (Stivers, 2022). Other strategies may involve 

ñdesignedly incomplete utterancesñ (DIUs) in teacherËs question turns, which are in CA 

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 

represent typical ñturn constructional unitsò (TCU) because they are not syntactically complete, 

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 

problems of understanding leading to pursuits of an answer through clarification of 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). 

Examples of scaffolding include a teacherôs regular checks for understanding, guided questions, 

cooperative group work, but also visual prompting using gestures (Klimszová, 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 followed by the strategy of ñproferring a candidate answerñ when a 

teacher in their turn helped restore the progressivity of the student´s talk 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 

description of language, gestures or eye-gaze (ñembodiedñ action, Goodwin, 2008) has a strong 

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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Four lessons of the Slovak language delivered by the same teacher on CEFR level 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 classroom. The purpose of 

these lessons was to revise the topic of geometry and physics that had already been 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 using fine-grained Jeffersonian 

transcription (1994) used in EMCA analysis to describe timing and vocal delivery of question- 

answer turns. This was complemented by capturing details of visible conduct of interlocutors 

(gaze, gesture) in short video frames embedded in the transcript (Hepburn & Bolden, 2017), 

which was multi-linear (Sidnell, 2009). The first line of each speaker reflected fine prosodic 

details, the second one was a combination of morphemic marking with English word- 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. 

The following symbols were used in our transcription. 
 

(.) Micropause (a brief pause, less than 0.2 seconds) 

(0.5) Timed pause (in seconds) 

[ ] Overlapping speech 

:: Lengthening of a sound 

. Falling intonation (final) 

? Rising intonation (question-like) 

, Slight rising intonation (continuing) 

ŷ Marked pitch rise 

Ź Marked pitch fall 

° ° 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)) Description of non-verbal actions or contextual information 

£ Smiley voice 

hhahaha Laughter particles embedded in 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 these 90- minute classes, a short test was 

taken by the students to check their knowledge of the revised concepts. The focus of our 

research was to analyse the question-answer sequences between the teacher and her students in 

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 student-centred 

approach in learning (Marinko, I. & Marinko, J. 2015; Rogers, 1983). 

In lines 3,5,7 the teacher began the activity of revising the known physical concept of ñforceñ 

by asking several repaired forms of polar question directed to the whole class with an anaphoric 

pronoun in expression ñt§ silañ(lines 3,7). After the teacher provided positive assessment of a 

student´s correct answer in line 18 and asked a WH question about how (bodies) may act on 

each other (ñako m¹ģu na seba p¹sobiŠñ) in line 19, the silence of (2.2 s.) followed, resulting 

in the teacher´s repairing of her original question to a yes-no question (lines 21-23). During a 

repair of the question, the teacher started using an indexical gesture of a pointing hand directed 

at students (Frame 1) before expressing this category linguistically by the pronoun ñyouñ 

(ñvyñ). Another hand gesture of the teacher in the form of a half-circle (Frame 2) followed 

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). The yes-no question inquiring whether 

there is a force of certain kind between the students and the objects successfully elicited the 

correct answer of Student A about gravitational force (line 25), which was delivered without a 

significant silence, after a 0.4 second gap. The teacher´s positive assessment of the student´s 

answer was also accompanied with another indexical (numerical) gesture of the thumb carrying 

two meanings, not only that of a positive appraisal of the student´s correct answer but also 

projecting a certain inadequacy of the answer and more information to come (Frame 3). There 

seems to be a clear boundary between the two uses of the gesture as evidenced by our 

videorecording. The gesture associated with the first meaning finished rapidly (after the 
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evaluator ñdobreñ), while the onset of the second gesture started when the teacher began to 

speak about ñthe gravitational forceñ, and as such this gesture was used by the teacher 

throughout her whole turn extending to the beginning of studentôs next turn. 

As may be noticed in Frame 1, the teacher´s first hand gesture anaphorically referred to and 

foreshadowed her following iconic gesture that impersonated the category of students in a more 

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

mobilized through pedagogical simplification of the otherwise impersonal concept of physical 

forces through a closer materialisation of this distant concept focusing on students´ personal 

experience with the world. 

The teacher´s effort at further pedagogical simplification of her original WH question was also 

illustrated by another embodied action, her gaze-panning around the room before she 

linguistically verbalized the act of ñseeingñ the force (ñvidieŠñ) in line 26. The teacherËs yes- 

no question was again answered by the student (line 29), although his answer was considered 

as partially inadequate (line 31) when the teacher used positive assessment with ñbutñ 

conjunction. This type of teacher´s assessment served as a topical pivot, on the one hand 

blocking further thematic details of the previous answer (why it is not possible to see this force) 

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 

polar questions are more readily answered by interactants (Stivers, 2022) as student´s answers 

to yes-no questions in our recordings were not followed by long stretches of dispreferred pauses 

(0.4 sec- 0.5. sec.). In sequence 31-32, for example, the teacher provided three reformulated 

versions of the original WH question when she asked a) if  students can actually touch the force, 

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 

due to a teacher´s provision of two improbable options within one turn, her growing persistence 

in pursuing an adequate answer. This pedagogical technique when a questioner reformulates 

his/her question assuming a certain type of recipient´s knowledge operates in this context as a 

corrective initiation device (Sacks, 1992) as it serves as a step towards eliciting a correct answer 

after the implausible option has been dismissed by the student in line 33. It is similar to the 

strategy of ñproferring of a candidate answerñ where plausible options are given to a recipient 

(Pomerantz, 1988). In our excerpt, however, these options are negated by simple negative 

particle suggesting their undesirability. 

A similar strategy to ñproferring a candidate answerñ is going to be analysed in Excerpt 2 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 

as the so-called ñDIUñ turns. The excerpt below shows the teacher´s usage of more interactional 

resources including working with the teaching materials (the whiteboard, a book), touching and 

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

What follows is a detailed multi-linear transcript of Excerpt 1. 
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Excerpt 1. Teacher´s use of yes-no questions accompanied with  hand gestures 
 

 

1 Teacher: Dobre eehm:: bavili  sme sa tedá:: éÏ ÊÅ to tá sila. 

PRT talked AUX so what is DEM that force 

Ok, so we have talked about what is the force 

2 (0.2.) 

3 Teacher: ÐÁÍßÔÜÔÅ ÓÉ ÅĤÔÅ ÎÅÊÁËÏ ĿÅ éÏ ÊÅ ÔÏ ÔÜ ÓÉÌÁȩ 

remember-PL. still  somehow that what is DEM that force 

do you still remember somehow what is the force? 

4 (0.5.) 

5 alebo vedeli by ste mi to nejako (.) ÏÐþÓÁĩ 

or MOD you COND to me DEM somehow describe 

or could you describe it to me somehow 

6 Teacher: (0.7.) 

7 svojimi vlastnými slovami, ĿÅ éÏ je-éÏ je tá sila? 

your own words-INS. that what is what is DEM that force 

with your own words what is the force? 

8 (2.5) 

9 Student: °Sila, to je fyzická ÖÅÌÉéÉÎÜÜ (0.5) 

Force that is physical quantity 

Force, it  is a physical quantity 

10 Teacher: pozóor, no nie-nie fyzická, ale? (0.5) 

attention, well  NOT physical but 

be careful, well not physical but 

11 Student: Fyzikálna 

Physical 

Physical 
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12 Teacher: fyzikálna, supé:r (.)  ehm 

physical EVAL 

physical, superb 

13 Student: ktorá (0.5) hmm: ktorá, ÚÎÜÚÏÒĐÁÊÅ (2s.) 

which which depicts 

which which depicts 

14 Teacher: éÏ opisuje? 

what describe 

what does it  describe? 

15 (2 s.) 

16 Student: .hmm nó:: (0.2.) ak iní <  telesá (0.5) alebo ÎÉÅéĕÏ hm:: (0.5.) 

PRT if other bodies or something 

Well if other bodies or something 

17 zaujímaje zó:: daným telesom> 

interest PREP respective body-INS. 

act on respective body 

18 Teacher: Áno, (.) super. éÉĿÅ ako pôsobia na seba tie telesá- 

PRT so how act on each other those bodies 

Yes, so how those bodies act on each other 

19 Supér. a ako- ako ÁËÏᴻ ehm ÍĖĿÕ na seba ÐĖÓÏÂÉĩȩ 

EVAL and how how how MOD on each other act 

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

20 (2.2) 

21 éÉĿÅ e::hm vy teraz (0.5) ËÅì si-ËÅì si zoberiete sami seba. 

1 2 

so you now when REFL when REFL take your own selves 

so  now when you-when you take yourselves 

 

 

 

 

 

 

 
Frame 1. Frame 2. 
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 Time: 1:01:27 Time: 1:01:28 

22 (0.7) 

23 4ÅÁÃÈÅÒȡᴼ hm: ÊÅᴻ (0.2)alebo je medzi vami a medzi ÎÉÅéþÍ nejaká sila? 

is or is between you and between something some force 

is or is between you and something a force? 

24 (0.4.) 

25 Student: no, gravitaéÎÁ 

PRT gravitational 

well, gravitational 

26 Teacher: Dobre, výborne, super. (0.3) túto ÇÒÁÖÉÔÁéÎĭ silu (0.2.) 

3 ((starts  looking around the 

room) 

PRT, EVAL EVAL DEM gravitational force 

Ok, excellent. Superb. This gravitational force 

 
Frame 3. 

 

 

Time: 1:01:41 

ςχ O je to nejaká sila ktorú  vy ÄÏËÜĿÅÔÅ ehm: (0.2.) nejako ÖÉÄÉÅĩȩ 

Is DEM some force which you MOD somehow see 

Is it a force that you can somehow see? 

28 (0.5.) 

29 Student: no, ÖÉÄÉÅĩ NIE, (0.7.) ÐÒÅÔÏĿÅÊïȡȡ ÖÅċÍþȡ malý tjelesa (0.5.) 

PRT see NOT because is very small bodies 

well, not see because it  is a very small body 

30 a máme (0.2)malú ÈÍÏÔÎĕȡÓĩ ÐÒÅÔÏĿïȡȡ ÓÉÌÁ jé: ÖÅċÍÉ maláhh 
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 and have-PL. small mass because force is very small 

and we have a small mass because it  is a very small force 

31 4ÅÁÃÈÅÒȡᴼ Áno, $ÏÂÒÅᴻ ale ide o to, éÉ vy sa aj dotýkate nejako ÎÉÅéÏÈÏ 

PRT right but VERB about it if you also touch something 

Yes, right  the point  is whether you can also touch a thing 

32 alebó (.) alebo akhá je tá sila, éÉ-éÉ ju ÄÏËÜĿÅÔÅ ÖÉÄÉÅĩ priamo, 

or or   what is DEM force  if if  it -FEM MOD-PL. see directly 

or what is that force whether you can see it directly 

33 Student: ehm: (0.2.) nie 

NOT-PRT 

No 

34 Teacher: NIE, dobre.ehm éÉĿÅ máme nejaké- nejakú silu, ktorá pôsobí 

((hand gesture, half-circle))  

NOT- PRT PRT so have-PL. some some force which acts 

No, ok, so we have a force which acts 

35 v ÕÒéÉÔÏÍ (.)  poli. 

in certain field 

in a certain field 

 

 

Excerpt 2 demonstrates several instances of the so-called ñdesignedly incomplete utterancesñ 

(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) ñelseñ (ñeġteñ). However, in all three cases of this excerpt they were also 

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 moving of teaching material (a book, Frame 5). 

In the following paragraphs, two DIUs will be described in detail to exemplify the potential of 

a variety of interactional resources that the teacher had at her disposal when eliciting a missing 

item from the list of concepts including prosody and working with the teaching materials. 
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In line 17, the teacher´s original WH question from lines 13-15 was repaired into an alternative 

type of incomplete (ñeither-or ñ) DIU question, which was accompanied with a change in the 

teacher´s body posture (Frame 4). The teacher´s semi-open body tilt was directed partially 

towards the interactive board where the known concept of ñfieldsñ had been already written and 

also towards the class. The interesting pedagogical point here is that the teacher´s pursuit of the 

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

the already elicited information from students. The already known information about physical 

fields was presented in this alternative DIU question as the first option from a limited two-item 

theoretical list ñeither through fields or - ?ñ. According to Jefferson (1991) the change of 

speakership roles regularly occurs after listing of the final item from the three-part list and if 

this is not the case, the list comprises fewer items or the remaining items from the list describe 

a similar activity. In our example above, a DIU accompanied by raised intonation and a change 

of body tilt invited completion of the missing information by students after the first item from 

the list had already been elicited and the change of speakership was the relevant next activity. 

The teacher´s other strategies aimed at prompting students to arrive at the remaining item from 

the list were further mobilized after another silence, a longer gap lasting 2.5 seconds, when the 

teacher quickly looked at several students (line 18) to elicit an answer and thus manage the 

participation framework or increase engagement in the classroom (Waring & Carpenter, 2019). 

This technique was then followed by another incomplete DIU turn produced by the teacher in 

line 19, where the pursuit of an answer was done differently, in repaired form using the 

conditional clause with a shift to negative syntax. It was also accompanied with teacher´s quick 

circular hand motion above the board where the term ñfieldsñ (ñpoliañ) had already been 

written, which was dismissed by the teacher as an already known option (ñwhen it is not done 

through these fields, it is done through?ñ). The elimination of the known information 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) 

moving of the book followed (line 21, Frame 5) and this was, after another pause of 0.3 second, 

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 

interactional resource that the teacher resorted to in the moments of persistent students ́silence 

(0.3- 0.5 sec.) was proffering an undesirable and hyperbolic candidate answer (lines 25-26) that 

ñin order to move the book, it is perhaps not enough to look at itñ. This was accompanied with 

the teacher´s changed body posture, moving away from the table where the book was situated, 

pointing at it with her stretched arm held in such position for a few seconds and looking at it in 

a deeply focused and serious way. The nature of teacher´s look is relevant here as it mimicked 

the magician trying to hypnotize or levitate the book (Frame 6) creating a laughable pantomime. 

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 

speaking since line 8. The laughter between the teacher and this student was shared in overlap 
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in lines 29-30 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 observation of laughter occurring after a hyperbolic example had been used by the teacher 

in her question turn confirms the observation from EFL classes where absurd candidate answers 

were provided by teachers (Amar, 2021). Future research could therefore focus on collecting 

more instances of these hyperbolic candidate formulations to examine if  progressivity of talk is 

fixed through these devices in all contexts or of DIUs that may precede these contexts. 

 

 

 

 

 

 

 

 

 

Excerpt 2. Eliciting  an answer from the list through teacher´s embodied incomplete turn 

design (ñDIUsñ). 

 

 

1 Teacher: Potom kde ÅĤÔÅ vzniká (.)  to pole? 

Then where else forms DEM field 

Then where else does the field form? 

2 (0.2.) 

3 aké pole máme? 

which field have-PL. 

which field do we have? 

4 Student A: Magnetické 

Magnetic 

Magnetic 

5 Teacher: Magnetické, ÓÕÐᴻÅÒ 

((turns  to board and starts writing))  

Magnetic EVAL 

Magnetic, superb, 

6 O  Á ᴻ
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 ((raised eye-brows))  

and 

and 

7 (0.2) 

8 Student B: Elektrické 

Electric 

Electric 

9 Teacher: Elektrické. vynikajúco. 

((turns  to board and starts writing))  

Electric excellent 

Electric excellent 

10 (2.5) 

((writing  on the board))  

11 Teacher: Dobre? éÉĿÅ to máme vlastne eh: silu ktorá vzniká (0.2) 

Right? so DEM have-PL. actually a force which forms 

Right? so this is actually a force which is formed 

12 alebo pôsobí ehm prostredni -dníctvom nejakého 

or acts through through some 

or acts through through some 

13 fyzikálneho ÐÏċÁ (2.7.) áh potom máme ÅĤÔÅ-ÅĤÔÅ ÁËĭᴻ 

((writing the answer on the board))  

physical field and then have-PL. also also which 

physical field and then we also also have which? 

14 e::hhh (0.3.) alebo vzájomné pôsobenie telies (0.2.) ÅĤÔÅ sa 

or mutual acting of bodies also 

or how can mutual acting of bodies also 

15 ÁËÏᴻ ÄÏËÜĿÅ ÐÒÅÊÁÖÉĩȩ 

how MOD manifest 

manifest? 

16 (0.5) 

ρχ O ÂÕì cez fyzikálne polia, (0.2) alebo ÅĤÔÅȡȩ 

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

either PREP physical fields or also 

either through physical fields or also 

Frame 4. 
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 Time: 1:03:39 

18 (2.5.) 

((gaze-panning)) 

ρω O ËÅì to nejde cez tieto polia, ÔÁËᴻ 

((quick  circular motion around the board))  

when DEM NOT go through these fields then 

when it´s not done through these fields, then 

20 (0.5.) 

21 ((teacher moves from the board closer to a book and moves 

it))  

5 

Frame 5. 
 

 
Time: 1: 03:49 

22 Student A: °°dotyk°° ((inaudible))  

touching 

touching 

23 Teacher: hm? (0.3) éÏ som urobila? 

((tapping  the book and gaze-panning)) 

what AUX do-PST-FEM 

what have I done? 

24 (0.5.) 

25 Teacher: na to aby som presunula:: (0.2) tú knihu asi neÓÔÁéþ ĿÅ sa na 

PREP DEM AUX move-PST-FEM that book perhaps NOT enough that on 

in order to move that book it is perhaps not enough to 

26 ĐÕ pozriem 
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 6 

It -FEM look-1st. 

look at it 

  

Frame 6. 
 

 

Time: 1: 03:58 

27 (0.2) 

28 Student B: Huh 
 

 
Frame 7. 

 

 

Time: 1:03:59 

29Teacher: a-a ÎÅÄÏËÜĿÅÍ £ ÐÈÏÈċÁÄÈÈÈÏÍ ÊÕᴻ nepresunhiem 

and and NOT manage-1st., sg looking-INS it -FEM NOT move-1st, sg. 

and I cannot manage to move it by looking at it 

30 Student B: [hhuh huh 

31 také schopnosti nemám (0.5) 

those abilities NOT have-1st, sg. 

I don´t have such abilities 

32 éÉĿÅ éÏ ja musím ÓÐÒÁÖÉĩ aby som zmenila jej polohu? 

so what I MOD do in order AUX move-PST-FEM it -FEM position 

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

33 (0.5.) 

34 Student B: ÄÏÔĻËÁĩȟ 
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 touch-INF 

touch 

35 Teacher: Výborne (.)  éÉĿÅ vzájomným dotykom 

((turns  to the board and writes  down a correct answer)) 

EVAL so mutual touch-INS 

Excellent,  so by 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 

mobilize attention and elicit studentsô answers. A conversational analytic approach used in this 

qualitative research of classes where scientific concepts were revised showed that grammatical 

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 the so-called ñdesignedly incomplete utterances ñ (DIUs). These were employed 

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 intonation at the end of teacherós turn, a modified facial 

expression (raised eyebrows), gaze-panning, and a sensory gesture including manipulation with 

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 

presented empirically or logically incorrect examples that were dismissed either by the students 

or the teacher herself. These examples also comprised a hyperbolic ñcandidateñ answer that 

produced laughter eliciting a reply. Our study thus suggests that teacher´s pursuit of an answer 

may include a variety of interactional and multimodal techniques, some of which may facilitate 

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 

language classes in order to support our qualitative findings presented in this article and also to 

examine the role of teacher´s gestures in corrective feedback (3rd position repair) in relation to 

studentôs possible subsequent self-correction (other-initiated repair). 
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Enhancing Skills Through Student-Led Invention Projects and Technical 

Documentation (Instruction Manuals) 

 
Lívia Lukġicov§ 

 

 

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 student-led invention projects, 

specifically within the context of a course at the Faculty of Mechanical Engineering at the 

Slovak University of Technology in Bratislava. The research explores how studentsô 

involvement in creating product prototypes and corresponding manuals enhances their technical 

writing, critical thinking, and problem-solving skills. Findings indicate that structured 

documentation improves students' ability to communicate technical information effectively and 

fosters creativity. The study also discusses the challenges of balancing technical accuracy and 

user accessibility in writing technical manuals. 

 

Keywords: Instruction manuals, project-based learning, creativity, technical writing 

 

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 significantly influence its effectiveness. Clear 

organization, concise language, and user-friendly formatting can make a substantial difference. 

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 step-by-step guidance and troubleshooting solutions, 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 student-led invention projects with technical documentation enhances both 
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technical writing and problem-solving abilities. As part of my study conducted at the Faculty 

of Mechanical Engineering at the Slovak University of Technology in Bratislava, students 

engaged in a two-semester project that involved inventing a product and documenting it through 

structured technical documentation. This initiative aimed to improve their technical writing 

skills while fostering creativity and analytical thinking. 

 

Helle (2006) emphasizes that "goals for project-based courses are typically 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 project-based learning, as it provides students 

with clear, achievable targets for their work. 

 

The integration of structured technical documentation in student projects serves as a method of 

"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," 

emphasizing the importance of hands-on learning in developing practical knowledge and skills. 

In this study, students were encouraged to document their inventions step-by-step, which 

provided a concrete, holistic experience while also fostering critical thinking and creativity. In 

his Nicomachean Ethics, Aristotle 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 and the overall learning experience. The research questions addressed included how the 

process of inventing and documenting promotes critical thinking and creativity, the 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 

guidelines positively impacted the quality of studentsô technical write-ups, as evaluated through 

clarity, accuracy, and completeness. Furthermore, cooperative learning strategies highlight how 

student interaction in group work fosters deeper learning. By collaborating, students improve 

problem-solving and communication skills while sharing responsibility for each otherôs 

success. 

 

Helle et al. (2006) also stress the importance of "assessment" in project-based learning, noting 

that "assessment is especially difficult" in such environments. They suggest that "studentsô 

initiative, (guided) self-regulation and self-reflection" should play a significant role in 

evaluating their work, reinforcing the importance of feedback and self-assessment in improving 

technical writing and problem-solving skills. 
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2 Research Questions 

 
This research delves into the effects of student-led invention projects on the development of 

technical documentation skills and problem-solving capabilities. The study is 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 

students face, including technical difficulties and time management. Additionally, the research 

investigates the impact of structured documentation guides on the quality of students' technical 

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 documents and studentsó ability to convey technical information 

concisely and effectively.) Through these inquiries, the study seeks to gain deeper insight into 

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

 

3 Methodology 

 
The study was conducted with second-year students from the Faculty of Mechanical 

Engineering at the Slovak University of Technology in 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 

cases, maintenance, and troubleshooting. Throughout the process, students received mentorship 

and feedback. Data collection involved documentation analysis based on 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 

studentsô ability to convey information effectively. The results indicated that students 

significantly enhanced their ability to communicate technical information concisely and 

professionally. 
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4 Expected Outcomes and Potential Applications 

 
The expected outcomes of integrating instruction manuals into student-led invention projects 

include enhanced creativity, improved technical writing skills, and stronger problem-solving 

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 problem-solving. 

 

5 Analysis of Students Works 

 
5.1 Ironing  Cabinet Manual 

 

Innovation often arises from a desire to simplify everyday tasks, and the Ironing Cabinet is 

a perfect example of this. Designed by a student inventor, this unique device reimagines the 

traditional ironing process by introducing an automated, space-efficient solution. Unlike 

conventional irons and ironing boards, which require manual effort and time, this invention 

streamlines the process by using a mechanized system that gradually presses clothes placed 

within grooves. 

 

More than just a household appliance, the Ironing Cabinet is a testament to student-led 

invention projects and their role in developing technical documentation, problem-solving 

skills, and creativity. The studentôs design not only demonstrates a practical engineering 

solution but also highlights the importance of structured documentation in communicating 

complex ideas effectively. By analyzing the user manual, we can assess how well it supports 

technical communication, clarity, and usability while reflecting the iterative design process of 

student-led inventions. 

 

Technical documentation is not merely a set of instructions; it requires analytical skills and 

creative problem-solving to communicate complex processes clearly. The Ironing Cabinet 

Manual exemplifies this by logically organizing its content into sections such as Product 

Overview, Installation Guide, Operating Instructions, Maintenance, and 

Troubleshooting. This structured approach ensures users follow a logical sequence, 

preventing confusion and errors during setup and use. 

 

One example of how the manual fosters critical thinking is its Troubleshooting section. It 

encourages users to diagnose and solve potential issues through logical reasoning. For 

instance, if the cabinet fails to turn on, the manual provides step-by-step checks such as 

ensuring a secure power connection, checking the circuit  breaker, and restarting the system. 

By presenting a structured problem-solving approach, the manual not only aids users in 

fixing issues but also develops their ability to systematically assess and resolve technical 

problems, a key aspect of critical thinking. 
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Figure 1: Troubleshooting (User Manual for the Ironing Cabinet) 

 

 

The Ironing Mode and Temperature Selection part requires users to analyze fabric types 

and choose the appropriate settings accordingly. Instead of providing a one-size-fits-all 

solution, the manual presents different fabric types and their corresponding heat levels, 

prompting users to think critically about their choices. This engages users in decision- 

making and adaptation, mirroring real-world engineering problem-solving where variables 

must be adjusted for optimal outcomes. 

 

 
Figure 2: Operating Instructions (User Manual for the Ironing Cabinet) 

 

I would recommend some improvements that would focus on adding clarity 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 

adjusting temperature settings according to care labels would help users make the right choices. 

Additionally, providing tips on properly positioning 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 into small, manageable tasks while 

maintaining a logical flow. For example, it instructs users to first turn off the power, then 

select an appropriate location, followed by securing connections before testing the system. 

This progressive learning approach ensures that users anticipate future steps, reducing 

errors. Such structure not only enhances usability but also teaches methodical planning, a 

valuable problem-solving skill. 
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Figure 3: Installation Guide (User Manual for the Ironing Cabinet) 

 

To improve the setup instructions for the ironing cabinet, I recommend adding more specific 

details and examples throughout the process. For example, for the initial setup, I would suggest 

turning on the power supply by pressing the Power button. The display should light up and 

show a welcome message, confirming the system is ready. Next, I would guide users to 

configure the settings on the display, such as adjusting the temperature to match the fabric type 

(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 

between technical accuracy and user accessibility. The Ironing Cabinet Manual does a good job 

explaining the productôs mechanisms, but there are areas where more detail could improve user 

understanding. For example, the automated ironing grooves are a unique feature, yet their 

functionality is only briefly mentioned. A more in-depth breakdown of the mechanical process, 

possibly supported by diagrams, would help users gain a better grasp of how the grooves work 

and how they interact with different fabrics. Additionally, the troubleshooting section provides 

useful information on common errors but lacks an error code chart or thorough explanations of 

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

advises users to check the positioning and temperature settings but doesn't explain how different 

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 the trial-and-error process, 

making the manual more accessible and user-friendly for a wider range of users. 

 

The Ironing Cabinet Manual demonstrates the impact of structured documentation on 

enhancing the usability and effectiveness of technical write-ups. A well-organized 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 include a Table of Contents that allows for quick 

navigation, a step-by-step guide presented in a logical order, and clearly marked Warnings and 

Cautions to help users avoid safety risks. For example, the Safety Information section is 

particularly well-structured, 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 

accessible. However, while the manual's structure is effective, it could be further improved by 

adding summary checklists at the end of key sections. These summaries, which recap essential 

steps and troubleshooting procedures, would reinforce key points and provide users with a quick 

reference, further supporting them in effectively operating the device. 

 

One of the key goals of technical documentation is to help users understand complex technical 

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 step-by-step instructions that eliminate 

ambiguity. For example, the Safety Information section uses direct statements like ñDo not 

install near water or in damp areas,ò which immediately conveys safety risks without 

unnecessary wording. While the manual excels in clarity, there are opportunities for further 

improvements to enhance user experience. Adding illustrations and diagrams to support 

written instructions, particularly in the Installation  and Maintenance sections, would provide 

visual guidance to users. Additionally, including examples of common troubleshooting 

scenarios, such as fabric-specific ironing recommendations, would make the information more 

relatable and applicable to real-world situations, further improving the manual's practical utility. 

 

The Ironing Cabinet Manual is a well-structured and effective document that demonstrates key 

principles of technical writing, problem-solving, 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 

how to balance technical precision with user accessibility. It also underscores the challenges of 

explaining complex mechanisms efficiently, a skill that is crucial in both product development 

and educational settings. By refining structured documentation methods, students can improve 

their ability to convey technical information clearly, ultimately strengthening their problem- 

solving and critical-thinking skills in real-world applications. 

 

5.2 The Medieval Mini  Trebuchet Kit  

 

The Medieval Mini  Trebuchet Kit  is a student-created invention designed to blend engineering, 

history, and hands-on learning into an interactive experience. This project emerged from two 

students passionate about mechanical design and medieval warfare technology, aiming to create 
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an engaging way to explore physics principles like leverage, counterweights, and projectile 

motion. Their invention offers a practical application of the concepts discussed in my research 

on student-led invention projects and technical documentation. Although the trebuchet kit is 

not an invention project from scratch, it effectively supports the same learning objectives as 

the student-led research study. It provides structured guidance while allowing room for 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 developed by students who not only 

created the Mini Trebuchet kit but also formed their very own company, EcoPlay Creations. 

The team wanted to combine their passion for sustainable practices and innovative educational 

toys, leading to the creation of this environmentally-friendly kit. The name ñEcoPlay Creationsò 

was chosen to reflect their commitment to promoting creativity through eco-friendly, hands-on 

learning experiences. By using recycled materials and incorporating educational principles, the 

students aimed to create a product that encourages both play and learning in a responsible way. 
 

Figure 4: ñEcoPlay Creationñ logo (The Medieval Mini Trebuchet Kit ï User manual) 

Through the process of designing and documenting the kit, the students developed critical 

thinking, problem-solving, and technical communication skills. This documentation serves as 

both an assembly guide and an educational resource, encouraging users to experiment, modify, 

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, users will  gain hands-on experience in mechanical construction, troubleshooting, and 

scientific analysis, reinforcing the value of learning through invention and documentation. This 

kit encourages creativity, answering the research question on how invention promotes needed 

skills. Students engage with the technical documentation in a hands-on manner, applying clear, 

structured instructions that reflect the findings in my study. For example, the kit's "Assembly 

instructions" align with the structured documentation guides by ProProfs Knowledge Base used 

in the study, helping students create comprehensive technical write-ups. 

 

The process of inventing and documenting a project like the Mini Trebuchet significantly 

fosters both critical thinking and creativity. Students begin by brainstorming and ideating the 

best way to assemble and operate the trebuchet, which encourages them to think critically and 

tackle various challenges through problem-solving. They engage with key principles of 
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mechanical engineering, such as leverage, counterweights, and projectile motion, all of which 

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 decision-making. 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 problem-solving process, the documentation could include 

examples of various design iterations, such as experimenting with different counterweights or 

adjusting the size of the main arm, enabling users to visualize how small design modifications 

can influence functionality. Additionally, adding sections in the manual that encourage students 

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 process, step-by- 

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. Integrating this visual approach with written instructions allows students to more 

effectively convey technical processes and provides a hands-on way for others to learn from 

their experience. 
 

Figure 5: Assembly Instructions (The Medieval Mini Trebuchet Kit ï User manual) 
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Throughout the assembly and operation phases of the Mini  Trebuchet Kit,  students were likely 

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. 
 

Figure 6: Troubleshooting (The Medieval Mini Trebuchet Kit ï User manual) 

 

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 trebuchetôs performance. 

 

Furthermore, the manual could identify common problems that users may face and provide 

more examples of potential solutions. Step-by-step explanations of what might go wrong during 

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. 

 

The structured documentation of the Mini  Trebuchet Kit  plays a crucial role in helping students 

produce clear, concise, and professional technical documents. The manual's organized layout, 

featuring step-by-step instructions (including illustrations), safety information, and 

troubleshooting guidance, is designed to assist students in documenting their process effectively 

and convey technical information with clarity. For example, the step-by-step assembly guide 

utilizes bullet points and imperative language, such as "Lower the main arm and secure it to the 

firing pin," which enhances clarity. Additionally, safety warnings, like "Keep hands out of the 

swinging armôs path," are prominently featured, helping users avoid potential risks. The 

troubleshooting section also provides actionable steps for resolving issues, such as adjusting 

the sling length or ensuring part alignment. Moreover, visual aids at each assembly step clarify 

instructions, such as demonstrating how to fill  the counterweight bin or assemble the supporting 

beams. 
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Figure 7: Assembly Instruction (The Medieval Mini Trebuchet Kit ï User manual) 

 

 

 

This manual guide effectively balances education, problem-solving, and creativity, making it 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 fosters creativity, allowing for customization and experimentation, making the 

learning process more engaging. The structured format enhances clarity, ensuring that technical 

content remains accessible, and the engaging tone simplifies complex instructions, making 

them easier to follow. 

 

With illustrations already added into the assembly section, the manual guide provides valuable 

visual support for users. However, further refinements could enhance its usability. Formatting 

the troubleshooting section as a table would enable quicker issue resolution, thereby improving 

accessibility. Additionally, including a "Common Mistakes" section would help users avoid 

frequent errors, making the document even more user-friendly. 

 

5.3 Analysis of more studentsó manual guides 

I have brought more manuals written by students, which I analyzed and compared according to 

my research questions. This comparison focuses on how these manuals support my research 

questions on technical comprehension, problem-solving, and communication skills. By 

examining their structure, clarity, and effectiveness, I have highlighted key differences and best 

practices in technical documentation. Digital  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?) the Digital OLED Micrometer Manual focuses on 

precision and strict adherence to instructions, ensuring accurate measurements but leaving little 

room for creative exploration. In contrast, the VRFC Manual encourages engineering problem- 

solving by allowing users to customize parts, modify resistance mechanisms, and improve 

performance. This makes it particularly useful for hands-on innovation and iteration. The 
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WinchWizard Block Manual promotes mechanical problem-solving with an emphasis on 

safety, ensuring users understand proper load limits and mechanical assembly. Meanwhile, 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 the Digital OLED Micrometer Manual may struggle with calibration, unit 

conversion, and troubleshooting due to a lack of visual aids. The VRFC Manual presents 

challenges related to mechanical assembly, material limitations, and resistance tuning, requiring 

users to work with external parts like bearings and springs. The WinchWizard  Block Manual 

demands an understanding of mechanical load limits and pulley mechanics, which may be 

difficult  for beginners. The SmartLED User Manual introduces connectivity issues, requiring 

users to troubleshoot Wi-Fi settings and firmware updates. The Sanding Prism Manual poses 

challenges related to proper sanding techniques and pressure control, as excessive force could 

damage the tool or material. 

 

To answer my third research question: óHow does following a structured documentation guide 

impact the quality of the technical write-up?ó a highly structured format, such as the one in the 

Digital OLED Micrometer Manual , ensures accurate measurements and data recording, 

improving technical documentation skills. The VRFC Manual , with its modular design 

approach, enhances engineering documentation, particularly in mechanical assembly and 

material considerations. The WinchWizard Block Manual provides detailed safety and 

assembly instructions, making it an excellent reference for structured mechanical 

documentation. The SmartLED User Manual is well-organized, covering safety warnings, 

troubleshooting steps, and technical specifications, which enhances comprehension of smart 

home technology documentation. The Sanding 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 post-project, highlighting how different types of documentation enhance various 

aspects of technical writing and user guidance. For example, users of the Digital OLED 

Micrometer  Manual develop strong technical reading and interpretation skills but have limited 

opportunities for documentation practice. The VRFC Manual fosters the development of 

mechanical design documentation, including CAD drawings, part specifications, and assembly 

instructions. The WinchWizard Block Manual strengthens structured technical writing, 

especially in safety compliance and engineering communication. The SmartLED User 

Manual improves troubleshooting and smart device documentation skills, which are valuable 

in home automation and IoT applications. The Sanding Prism Manual helps users understand 

process-based documentation and proper safety protocols in woodworking. 
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6 Conclusion and Discussion 

 
This research highlights the significant role of instruction manuals in enhancing both technical 

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 problem-solving skills. The structured 

approach to technical documentation, as used in the invention projects, has a direct impact on 

the quality of the studentsô technical communication. Students' manuals, such as the Ironing 

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, are critical learning experiences. The Ironing Cabinet Manual, while effective in 

many aspects, can be further refined by enhancing troubleshooting guides, incorporating visual 

aids, and offering more detailed step-by-step instructions. These additions would further 

improve the user experience and make the manual more accessible to a wider audience. 

 

Moreover, the study demonstrates the value of structured technical documentation as a teaching 

tool. It aligns with the principles of guided discovery learning, where students learn best through 

active participation and real-world 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 

projects to include real-world user feedback could provide valuable insights into the impact of 

technical manuals on actual product usability. Overall, this research underscores the importance 

of clear, structured documentation in both educational and practical contexts and highlights its 

role in developing critical skills that extend beyond the classroom. 
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Prezentovanie v ESP: Stratégie rozvoja kompetencií v rôznych odborných 

kontextoch. 

 

Presenting in ESP: Strategies for  Developing Competencies in 

Various Professional Contexts. 

 
Zuzana Moteġick§ 

 

Abstrakt 

Pr²spevok sa venuje integr§cii prezentaļnĨch zruļnost² do vĨuļby angliļtiny pre ġpecifick® 

¼ļely (ESP) ako nevyhnutnej s¼ļasti pr²pravy ġtudentov na profesion§lnu prax. Prezentovanie 

patr² medzi kŎ¼ļov® jemn® zruļnosti (soft skills), ktor® maj¼ univerz§lne prvky, no z§roveŔ si 

vyģaduj¼ prisp¹sobenie podŎa odborn®ho zamerania a komunikaļn®ho kontextu. Ġtudenti sa 

m¹ģu stretn¼Š s r¹znymi formami prezentovania ï od vedeckých konferencií a obhajoby 

projektov po odborné diskusie a pracovné stretnutia, priļom tieto situácie prebiehajú prezenļne 

aj online. 

Zd¹razŔuje sa ¼loha uļiteŎa nielen v jazykovej pr²prave, ale aj pri budovan² sebavedomia 

ġtudentov a zvládaní stresu z verejného vystupovania. D¹leģitou s¼ļasŠou vĨuļby je postupný 

n§cvik, simul§cie re§lnych situ§ci² a poskytovanie spªtnej vªzby, ktor® umoģŔuj¼ ġtudentom 

osvojiŠ si efekt²vne prezentaļn® strat®gie. SystematickĨ rozvoj prezentaļnĨch zruļnost² v 

kombin§cii s Ņalġ²mi jemnĨmi zruļnosŠami prispieva k zlepġeniu ich profesion§lnej 

komunikácie a spolupráce v odbornej praxi. 

KŎ¼ļov® slová: prezentaļn® zruļnosti, odborné komunikaļn® situácie, jemné zruļnosti 

 

Abstract 

The paper explores the integration of presentation skills into English for Specific Purposes 

(ESP) teaching as an essential part of preparing students for professional practice. Presentation 

skills are a key soft skill with universal elements, yet they require adaptation based on the field 

of study and communication context. Students may encounter various forms of presenting ï 

from scientific conferences and project defences to professional discussions and work meetings, 

taking place both in-person and online. 
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The role of the teacher is emphasised not only in language preparation but also in building 

studentsô confidence and helping them manage stage fright. A crucial aspect of teaching is 

gradual practice, simulations of real-life situations, and constructive feedback, enabling 

students to develop effective presentation strategies. A systematic approach to enhancing 

presentation skills, combined with other soft skills, contributes to improving their professional 

communication and collaboration within their field. 

 

Key words: presentation skills, professional communication scenarios, soft skills 

 

 

1 Úvod 

 
VĨuļba angliļtiny pre potreby odbornej komunikácie, v anglosaskej terminológii nazývaná ako 

English for specific puproses (ESP), sa venuje rozvoju schopnosti komunikovaŠ v r¹znych 

odbornĨch komunikaļnĨch situ§ci§ch. Pre vytvorenie najefekt²vnejġieho modelu pre dan¼ 

cieŎov¼ skupinu sa sylabus a jeho obsahov§ n§plŔ prisp¹sobuj¼ ġpecifickĨm potreb§m danej 

odbornej skupiny. Sylabus kurzu nie je len pl§nom jednotlivĨch semin§rov, ale mus² maŠ 

nadradenĨ cieŎ, ku ktor®mu smeruje celĨ obsah vĨuļby. Hodinov§ dot§cia pre predmety 

cudz²ch jazykov na vysokĨch ġkol§ch je znaļne limitovan§, je preto nutn® zvoliŠ si prioritn® 

aspekty predmetu na efekt²vne dosiahnutie zvolen®ho cieŎa na z§klade analĨzy potrieb (viac 

Hutchinson/Waters, 1987). ZruļnosŠ porozumieŠ cudzojazyļnĨm odbornĨm textom je 

z§kladom vĨuļby cudzieho jazyka pre potreby odbornej komunik§cie vo vġetkĨch odboroch, 

takisto aj kompetencia vyjadrovaŠ odborn® n§zory a prezentovaŠ odborn® t®my v cudzom 

jazyku, ļiģe medi§cia odborn®ho obsahu r¹znym recipientom. 

 

SchopnosŠ komunikovaŠ hovorenĨm jazykom je jednou z rozhoduj¼cich s¼ļast² soci§lnej 

kompetencie, ktor§ je predpokladom pre spolupr§cu a ¼ļasŠ na t²movej pr§ci. SpolupracovaŠ 

v tíme predpokladá schopnosŠ vedieŠ sa zrozumiteŎne a presvedļivo dorozumieŠ, a to ako 

v rozhovoroch, tak v súvislom monologickom prejave (Lemke 2006, s. 155). PripraviŠ 

a realizovaŠ voŎnĨ prejav pred publikom je preto zruļnosŠ, ktor§ je nevyhnutn§ v kaģdom 

odbore. Na dosiahnutie informat²vnych intenci² je ļasto potrebn® vedieŠ, ako efekt²vne 

moderovaŠ diskusie, predniesŠ príspevky o preġtudovanĨch materiáloch, zisteniach alebo stave 

rozpracovanosti pridelených úloh. Persuazívne intencie sú tieģ neodmysliteŎne spojené 
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s odbornĨmi pracovnĨmi situ§ciami (presvedļovanie kolegov/nadriadenĨch/klientov, 

obhajovanie vlastnĨch znalost², n§vrhov, rieġen² a pod.). U absolventov s vysokoġkolskĨm 

vzdelan²m sa v s¼ļasnosti predpoklad§ zvl§dnutie tejto kompetencie aj v minimálne v jednom 

cudzom jazyku, nakoŎko firmy s¼ ļasto s¼ļasŠou glob§lnych korpor§ci² resp. inġtit¼cie 

kooperuj¼ so zahraniļnĨmi partnermi. 

 

2 Vymedzenie pojmu prezentácia 

Monologick® prehovory pred publikom r¹zneho obsahu a rozsahu sa dlhġie obdobie oznaļuj¼ 

pojmom Ăprezent§ciañ, ktor® sa p¹vodne pouģ²valo na oznaļenie ļinnosti (prezentovanie 

výsledkov práce, získaných informácií, produktov a pod.), nie útvaru. Je moģn®, ģe sa výraz 

Ăprezent§ciañ dostal do ġirġieho kontextu pouģ²vania v slovenļine z angliļtiny a komerļnej 

sf®ry, kde sa pouģ²va vo vªļġom rozsahu, ale to je len naġa nepodloģen§ domnienka. Aj vo 

vĨuļbe cudzieho jazyka nahradil podŎa naġich zistení pojem Ăprezent§ciañ pôvodne pouģ²vanĨ 

term²n Ărefer§tñ na oznaļenie monologickĨch pr²spevkov ġtudentov na odborn® témy, resp. sú 

oba pojmy pouģ²van® bez jasn®ho rozl²ġenia. Priļom si uvedomujeme, ģe nejde len o zmenu 

pomenovania, ale aj o zmenu v obsahu a forme. Prezent§ciu povaģujeme za pojem so ġirġ²m 

vymedzením ako referát, ktorý je presne definovaným útvarom n§uļn®ho ġtĨlu. Fritzsch (2006, 

s. 14) vysvetŎuje napríklad prezentáciu ako prepojenie prednesu témy s jeho vizualizáciou. Pod 

prezentaļnĨmi technikami n§sledne rozumie r¹zne moģnosti predstavenia a podania obsahu. 

Ich doplnenie podpornĨmi vizu§lnymi prostriedkami napom§ha n§zornejġiemu podaniu 

informácií a ich lepġej zapamªtateŎnosti. Ich cieŎom je hovoriŠ pred publikom voŎne, s pouģit²m 

adekvátnej neverbálnej komunikácie a multimediálnych prostriedkov. 

 

2.1 Pedagogický zámer pri  prezentovaní v ESP 

V ESP je prezent§cia odbornĨch t®m a stanov²sk s¼ļasŠou vyuļovania. Pritom nejde len o 

samo¼ļelnĨ n§cvik prezentaļnĨch techn²k, ale prezentovan§ problematika je aj obsahovo 

integrovan§ do n§plne semin§ru. Vyuļuj¼ci zad§vaj¼ ġtudentom t®my v s¼lade s preberanou 

tematikou alebo stanovia poģiadavky len r§mcovo, ponechaj¼c tak voŎnejġ² priestor na 

realizáciu ġtudentom. Druhý postup povaģujeme za vhodnejġ², nakoŎko smeruje ġtudentov 

k vªļġej spoluzodpovednosti a stimuluje auton·mny pr²stup k uļeniu. Vid²me niekoŎko 

d¹vodov, preļo zaļleniŠ prezent§cie intenz²vnejġie do hod²n cudzieho jazyka: 
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ü JednĨm z nich je vytvorenie pr²leģitosti, aby ġtudenti spoluvytv§rali n§plŔ semin§rov, 

a tĨm vznikla platforma pre vz§jomn¼ vĨmenu inform§cii a rozġirovanie vedomost². 

Pritom vzdelávajúcimi sa nie sú len ġtudenti, ale aj uļiteŎ. VĨuļba cudzieho jazyka pre 

potreby odbornej komunikácie umoģŔuje moģno viac ako v iných predmetoch aktivovaŠ 

partnerský prístup v interakcii medzi vyuļuj¼cim a ġtudentmi. Vyuļuj¼ci je odborníkom 

na jazykové aspekty komunik§cie, ale ġtudenti s¼ (bud¼ci) odborn²ci vo svojej oblasti. 

ü Ako iný d¹leģitĨ dôvod vidíme v komplexnosti tejto úlohy. Ġtudenti sú nútení pracovaŠ 

samostatne a tvorivo v cudzom jazyku aj mimo vyuļovania. Pr²prava prezent§cie ich 

vedie k vyhŎad§vaniu, selektovaniu, spracovaniu a interpretácii informácií. Okrem toho 

je príprava na prezentáciu aj stimulom k d¹slednejġej práci s gramatickými ġtrukt¼rami 

za ¼ļelom správneho vyjadrenia ģelan®ho obsahu alebo k vyhŎad§vaniu novej odbornej 

slovnej z§soby. Ich akt²vnym pouģit²m sa predpoklad§ jej efekt²vnejġie osvojenie. 

ü Za nezanedbateŎnĨ d¹vod povaģujeme aj snahu simulovaŠ re§lnu situ§ciu vyst¼penia 

pred publikom. Ġtudenti sa musia zamyslieŠ nad tĨm, ako spracovan® inform§cie 

prezentovaŠ zauj²mavou a hlavne zrozumiteŎnou formou. Ak prezentuj¼ v t²me, s¼ 

nútení pracovaŠ na aspektoch tímovej práce. V neposlednom rade m¹ģe sk¼senosŠ 

s prezentovaním pred publikom zvĨġiŠ sebavedomie a ġtudentom napom¹cŠ pri Ņalġom 

prezentovan² zmierniŠ tr®mu. 

 

Prezent§cie m¹ģu byŠ prepojen® na preġtudovan¼ odborn¼ literat¼ru, kedy ġtudenti prezentuj¼ 

odborn® zistenia spolu s ich sumariz§ciou a interpret§ciou. T®mou m¹ģe byŠ aj prezentovanie 

výsledkov vlastných skúmaní odbornej tematiky alebo výsledkov tvorivej ļinnosti. Zastávame 

n§zor, ģe pri formul§cii predmetu resp. okruhu t®m pre prezent§cie by mali maŠ vyuļuj¼ci na 

zreteli snahu, aby tieto koreġpondovali s predpokladanými reálnymi komunikaļnĨmi situáciami 

v danom odbore (napr.: ġtudent herectva ï prezentácia jeho predstavy o stv§rnen² urļitej role) 

alebo simulovali urļitĨ re§lny situaļnĨ r§mec (napr.: ġtudent ekon·mie ï prezentácia na 

pracovnom mítingu). 

 

Pr²prava a realiz§cia prezent§cie v cudzom jazyku predstavuje pre ġtudentov mnoģstvo 

samostatnej kognitívnej i tvorivej práce pri vyhŎad§van² materiálov, spracovaní témy, prípravy 

heslovitého konceptu, podkladov pre publikum, podporných vizualizaļnĨch materiálov 

i samotnej realiz§cie prehovoru pred publikom. Ak vych§dzame z poznatku, ģe (napr.: Pabst- 

Weinschenk 1995, s. 121): 
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o poļ¼van²m si zapamätáme 20%, 

o pozeraním 30%, 

o pozeraním a poļ¼van²m 50%, 

o pozeraním, poļ¼van²m a vlastným spracovaním 90%, 

tak je pr²prava a realiz§cia prezent§cie veŎmi komplexnĨm a efekt²vnym sp¹sobom uļenia sa 

vyģaduj¼ca aplik§ciu r¹znych strat®gi² a kompetenci². 

 

2.1.1 Typológia prezentaļnĨch zadaní pre rôzne odbory 

Konferencie sl¼ģia ako platforma na vĨmenu poznatkov, priļom predpokladaj¼ efekt²vnu 

prezentáciu výsledkov a odbornú diskusiu. To zohráva kŎ¼ļov¼ úlohu v ¼speġnej komunikácii 

a spolupr§ci v akademickej aj profesion§lnej komunite. Preto je schopnosŠ prezentovaŠ 

odborný príspevok základnou kompetenciou, ktorú by si mali osvojiŠ ġtudenti kaģd®ho odboru. 

 

Typológia prezentaļnĨch situácií sa vġak l²ġi v závislosti od ġpecif²k jednotlivých odborov, ako 

sú charakter prezentovaných dát, cieŎov§ skupina a formát prezentácie. Táto rozmanitosŠ kladie 

na pedag·gov ESP vĨzvu prisp¹sobiŠ vĨuļbu prezentaļnĨch zruļnost² ġpecifickĨm potreb§m 

jednotlivĨch odborov. Pok¼sime sa to ilustrovaŠ na pr²kladoch troch konkr®tnych odborov: 

 

¶ ± ƻŘōƻǊŜ ŎƘŞƳƛŀ ƧŜ ǾŜŘŜŎƪł ǇǊŜȊŜƴǘłŎƛŀ ǎǇǊŀǾƛŘƭŀ ȊŀƳŜǊŀƴł ƴŀ ȊǊƻȊǳƳƛǘŜƯƴǵ ƛƴǘŜǊǇǊŜǘłŎƛǳ 

ƪǾŀƴǘƛǘŀǘƝǾƴȅŎƘ ŘłǘΣ ŀƪƻ ǎǵ ǾȇǎƭŜŘƪȅ ŜȄǇŜǊƛƳŜƴǘƻǾΣ ƎǊŀŦȅ ŀƭŜōƻ ǑǘŀǘƛǎǘƛŎƪŞ ŀƴŀƭȇȊȅΦ 5ƾƭŜȌƛǘȇ 

dôraz sa kladie na ǇǊŜŎƝȊƴƻǎǙ vyjadrovania a ǇƻǳȌƝǾŀƴƛŜ odborných termínov. Pri prezentáciách 

ƧŜ ƴŜǾȅƘƴǳǘƴŞ ƻǎǾƻƧŜƴƛŜ ǎƛ ȊǊǳőƴƻǎǘƝ ƧŀǎƴŞƘƻ ƻǇƛǎǳ ƳŜǘƻŘƻƭƽƎƛŜ ŀ ǎŎƘƻǇƴƻǎǘƛ ƻōƘłƧƛǙ ȊłǾŜǊȅ 

ƴŀ ȊłƪƭŀŘŜ ŜȄǇŜǊƛƳŜƴǘłƭƴȅŎƘ ŘƾƪŀȊƻǾΦ ¢ȅǇƛŎƪȇƳƛ ǇǊŜȊŜƴǘŀőƴȇƳƛ ǎƛǘǳłŎƛŀƳƛ ǎǵ ǇǊŜŘƴłǑƪȅ ƴŀ 

konferenciách, posterové prezentácie a skupinové diskusie. 

¶ tǊŜȊŜƴǘłŎƛŜ Ǿ ƻōƭŀǎǘƛ ŀǊŎƘƛǘŜƪǘǵǊȅ ŀ ŘƛȊŀƧƴǳ ǎŀ ǾȅȊƴŀőǳƧǵ ǾƛȊǳłƭƴȅƳ ŎƘŀǊŀƪǘŜǊƻƳΦ ~ǘǳŘŜƴǘƛ 

musia ǾŜŘƛŜǙ efektívne ǾȅǳȌƝǾŀǙ grafické materiály, ako sú výkresy, vizualizácie őƛ prototypy, na 

ǇƻŘǇƻǊǳ ǎǾƻƧƘƻ ǾȇƪƭŀŘǳΦ hƪǊŜƳ ƻŘōƻǊƴȇŎƘ ǘŜǊƳƝƴƻǾ ŀ ǇǊŜǎƴƻǎǘƛ ƧŜ ŘƾƭŜȌƛǘł ŀƧ ǎŎƘƻǇƴƻǎǙ 

ǊƻȊǇǊłǾŀǙ ǇǊƝōŜƘ όƴŀǊǊŀǘƛǾŜ ŀǇǇǊƻŀŎƘύΣ ƪǘƻǊȇ ȊŘƾǊŀȊƴƝ ƪƻƴŎŜǇǘǳłƭƴȅ ŀ ŜǎǘŜǘƛŎƪȇ ǊƻȊƳŜǊ ƛŎƘ 

ǇǊłŎŜΦ ¢ȅǇƛŎƪȇƳƛ ǇǊŜȊŜƴǘŀőƴȇƳƛ ǎƛǘǳłŎƛŀƳƛ ǎǵ ƻōƘŀƧƻōȅ ǇǊƻƧŜƪǘƻǾ ǇǊŜŘ ƻŘōƻǊƴƻǳ ƪƻƳƛǎƛƻǳΣ 

ǇǊŜȊŜƴǘłŎƛŜ ƴŀ ǾȇǎǘŀǾłŎƘ ŀƭŜōƻ ǿƻǊƪǎƘƻǇƻŎƘ ŀ ŘƛǎƪǳǎƛŜ ǎƻ ȊŀŘłǾŀǘŜƯƳƛΦ 

¶ V medicíne sú prezentácie primárne zamerané na praktickú aplikáciu teoretických poznatkov, 

ǇǊƛőƻƳ ȊŀƘǋƶŀƧǵ ƻōƭŀǎǘƛΣ ŀƪƻ ǎǵ ŘƛŀƎƴƻǎǘƛƪŀΣ ƭƛŜőōŀ őƛ ǾȇǎƪǳƳƴŞ ǑǘǵŘƛŜΦ ~ǘǳŘŜƴǘƛ Ƴǳǎƛŀ ōȅǙ 

ǎŎƘƻǇƴƝ ƧŀǎƴŜ ŀ ȊǊƻȊǳƳƛǘŜƯƴŜ ƪƻƳǳƴƛƪƻǾŀǙ ƪƻƳǇƭŜȄƴŞ ƛƴŦƻǊƳłŎƛŜ ƴƛŜƭŜƴ ƻŘōƻǊƴƝƪƻƳΣ ŀƭŜ ŀƧ 

laikom, vrátane pacientov a ǑƛǊǑŜƧ verejnosti. Osvojenie si efektívnych ǇǊŜȊŜƴǘŀőƴȇŎƘ ȊǊǳőƴƻǎǘƝ 
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je nevyhnutné nielen pri akademických a klinických diskusiách, ale aj pri popularizácii 

ƳŜŘƛŎƝƴǎƪŜƧ ǾŜŘȅΦ bŀ ǾŜŘŜŎƪȇŎƘ ƪƻƴŦŜǊŜƴŎƛłŎƘ ǎŀ ƪƭŀŘƛŜ ŘƾǊŀȊ ƴŀ ǇǊŜƘƯŀŘƴƻǎǙΣ ǎǘǊǳőƴƻǎǙ ŀ 

ǇǊŜǎƴƻǎǙΣ ƴŀƧƳŅ ǇǊƛ ǇǊŜȊŜƴǘłŎƛłŎƘ ƪƭƛƴƛŎƪȇŎƘ ǑǘǵŘƛƝΣ ƪŀȊǳƛǎǘƝƪ őƛ ǾȇǎƭŜŘƪƻǾ ŜȄǇŜǊƛƳŜƴǘłƭƴŜƘƻ 

výskumu. 

 

V kontexte vĨuļby ESP je nevyhnutn® reflektovaŠ rozdiely medzi odbormi a integrovaŠ 

ġpecifick® poģiadavky prezentaļnĨch situácií do sylabu predmetu.  RelevantnosŠou tém 

a zadan² sa zvyġuje motiv§ciu v procese vĨuļby. 

 

3 Rozvoj jemných zruļnost² pri  prezentaļnom tréningu 

 
Rozvoj mªkkĨch zruļnost² (soft skills), predstavuje neoddeliteŎn¼ s¼ļasŠ profesion§lneho a 

akademick®ho vzdel§vania. Tieto zruļnosti, zahŘŔaj¼ce oblasti ako kritick® myslenie, t²mov§ 

spolupráca, kreativita, empatia a manaģment ļasu, sú kŎ¼ļov® pre efektívne rieġenie problémov 

a spolupr§cu v modernom pracovnom prostred². Aj Filo a Orfanusov§ (2023) uv§dzaj¼, ģe 

vedomosti (hard skills) sú nevyhnuté pre zvládanie profesie, ale nonkognitívne schopnosti (soft 

skills) maj¼ vĨraznĨ vplyv na celkov¼ efektivitu pracovnĨch t²mov a pocit spolupatriļnosti. 

 

Kov§ļ (2024) zd¹razŔuje, ģe jemn® zruļnosti sa nedaj¼ uļiŠ ako vedomosti, kŎ¼ļov® pre ich 

rozvoj je tr®ning. Preto odpor¼ļa na ich podporu vyuģ²vaŠ projektovo orientovan¼ vĨuļbu 

(project-based learning) alebo podobné metódy ako problémovo orientované vyuļovanie a pod. 

 

Práca s prezentáciami ponúka ideálnu platformu na integrovaný rozvoj jemných zruļnost² 

a komplexnĨch kompetenci², pretoģe prepája kognitívne, analytické, kreatívne a komunikaļn® 

schopnosti s praktickými aspektmi profesionálneho vystupovania ako formy mediácie. 

Uvedieme príklady: 

 

Kritické myslenie 

 

Pr²prava a realiz§cia prezent§ci² vyģaduje schopnosŠ analyzovaŠ inform§cie, hodnotiŠ ich 

spoŎahlivosŠ a relevantnosŠ a vytv§raŠ logick® a presvedļiv® argumenty. Kritick® myslenie 

pom§ha ġtudentom identifikovaŠ jadro probl®mu, predch§dzaŠ zbytoļnĨm chyb§m a budovaŠ 

ġtrukt¼rovanĨ prejav, ktorĨ presvedļ² publikum. 

 

Tímová práca 
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Pr§ca na skupinovĨch prezent§ci§ch podporuje schopnosŠ spolupracovaŠ, rieġiŠ konflikty a 

efektívne koordinovaŠ tímové aktivity. Uļ² ġtudentov rozdeŎovaŠ úlohy, vyuģ²vaŠ silné stránky 

jednotlivcov a hŎadaŠ konsenzus. TĨmto sp¹sobom ġtudenti z²skavaj¼ n§vyky potrebn® pre 

efektívnu prácu v multidisciplinárnych a medzinárodných tímoch. 

 

Brainstorming a generovanie nápadov 

 

Pri príprave prezentácií je brainstorming ¼ļinnĨm nástrojom na podporu kreatívneho myslenia 

a vytváranie inovatívnych rieġen². Vyuģitie ġtrukt¼rovanĨch techník, ako sú myġlienkov® mapy, 

pom§ha ġtudentom rozv²jaŠ schopnosŠ systematicky generovaŠ a hodnotiŠ n§pady. 

 

 

 

Manaģment ļasu 

 

Pr§ca s prezent§ciami vyģaduje efekt²vne riadenie ļasu, ļo zahrŔuje pl§novanie, stanovenie 

prior²t a dodrģiavanie term²nov. Ġtudenti sa uļia optimalizovaŠ pr²pravu podkladov a tr®ning 

svojho vyst¼penia tak, aby efekt²vne vyuģili dostupnĨ ļas. T§to zruļnosŠ je nenahraditeŎn§ v 

prostred², kde s¼ ļasov® limity ļastĨm obmedzen²m. 

 

Kreativita 

 

Tvorba vizu§lnych podkladov a prezentovanie odbornĨch inform§ci² zahŘŔa hŎadanie 

originálnych spôsobov, ako zaujaŠ publikum. Kreativita sa prejavuje vo vizuálnej komunikácii, 

v navrhovaní pútavých grafických prvkov a v spôsoboch, ktorými ġtudenti dok§ģu zjednoduġiŠ 

a spr²stupniŠ komplexn® t®my. 

 

Empatia a prispôsobenie publiku 

 

Efekt²vna prezent§cia si vyģaduje pochopenie potrieb a oļak§van² publika. Empatia pom§ha 

ġtudentom prisp¹sobiŠ obsah, jazyk a ġtĨl prezentácie tak, aby bol zrozumiteŎnĨ a pútavý. Tento 

pr²stup zlepġuje ich schopnosŠ vytv§raŠ pozit²vny vzŠah s posluch§ļmi. 

 

 

 

Cielená práca s jemnými zruļnosŠami v ESP, ako uvádza Ġ¼lovsk§ (2023), umoģŔuje simuláciu 

situácií, v ktorých ġtudenti rieġia ġpecifick® výskumné, organizaļn®, praktické a komunikaļn® 
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¼lohy. Autorka uv§dza, ģe vĨhodou vo vĨuļbe ESP je, ģe tr®ning jemnĨch zruļnost² sa d§ 

presne nastaviŠ na oblasŠ ġt¼dia, a tĨm sa zabezpeļ², ģe ho ġtudenti vn²maj¼ ako zmysluplnĨ. 

 

 

 

4 Systematický nácvik prezentaļnĨch techník a mediácie 

 
Hovorenie v cudzom jazyku pred publikom patrí medzi najn§roļnejġie komunikaļn® zruļnosti, 

a to najmª v kontexte odbornĨch t®m. T§to komplexn§ ¼loha zahŘŔa zvl§dnutie terminol·gie, 

prezent§ciu zloģitĨch konceptov, pr²pravu vizu§lnych podkladov a efekt²vne vyuģ²vanie 

neverb§lnej komunik§cie. Pre ġtudentov je kŎ¼ļov®, aby si tieto zruļnosti osvojili postupne, v 

pr²stupnom a podporuj¼com prostred² s ohŎadom na tieto aspekty a kroky: 

 
ü błǊƻőƴƻǎǙ prezentácie odborných tém 

Efekt²vna prezent§cia odbornĨch t®m si vyģaduje presn¼ pr§cu s terminol·giou, logick¼ 

ġtrukt¼ru obsahu a vhodn® vizu§lne podklady, ako s¼ grafy, sch®my ļi vizualiz§cie, ktor® 

podporuj¼ porozumenie. Okrem verb§lnej komunik§cie zohr§va kŎ¼ļov¼ ¼lohu aj neverb§lna 

komunik§cia, ktor§ prispieva k udrģaniu pozornosti publika a posilŔuje profesion§lny dojem. 

 
ü Postupný tréning ako ƪƯǵő k úspechu 

 
Osvojenie si prezentaļnĨch zruļnost² v cudzom jazyku je proces, ktorĨ si vyģaduje 

systematickĨ a empatickĨ pr²stup. Tr®ning by mal prebiehaŠ postupne, aby ġtudenti z²skali 

potrebn¼ sebad¹veru a dok§zali si krok za krokom zdokonaŎovaŠ jednotliv® zruļnosti. 

 

1. Malé úlohy poļas semestra 

VĨuļba m¹ģe zaļaŠ s jednoduchĨmi prezentaļnĨmi zadaniami, ktor® ġtudentom 

umoģnia postupne si zvykn¼Š na vystupovanie pred publikom. Napr²klad kr§tke 

prezentácie na konkrétne témy, struļn® vysvetlenie grafu alebo opis experimentu. 

2. Komplexný prezentaļnĨ tréning 

Nesk¹r sa ġtudenti m¹ģu zapojiŠ do komplexnejġ²ch prezent§ci², ktor® zahŘŔaj¼ 

kombináciu viacerých zruļnost²: prípravu obsahu, vizuálnych podkladov a zvládnutie 

diskusie. Pri takĨchto ¼loh§ch je vhodn® venovaŠ pozornosŠ ġpecifickĨm aspektom, 

ako je ġtrukt¼ra prezent§cie, jasnosŠ vĨkladu ļi efekt²vna pr§ca s ot§zkami publika. 
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3. Diskusia a spätná väzba 

Kaģd§ prezent§cia by mala byŠ spojen§ s diskusiou a analĨzou kŎ¼ļovĨch aspektov 

vĨkonu. Poskytnutie konġtrukt²vnej spªtnej vªzby je nevyhnutn® pre uļenie sa a 

zlepġovanie. Feedback by mal byŠ zameranĨ na povzbudenie ġtudentov a na 

identifikáciu oblastí na zlepġenie, priļom cieŎom nie je kritika, ale vzájomné uļenie sa 

v podporujúcej atmosfére. 

 

V inovovanom SERR (2022) bol zavedený odklon od tradiļnĨch ġtyroch zruļnost² a nahradený 

ġtyrmi sp¹sobmi komunik§cie, ktorĨmi s¼: recepcia, produkcia, interakcia a medi§cia. 

Mediáciu  SERR  vysvetŎuje  ako  kombináciu  recepcie,  produkcie  a  interakcie. 

V komunikaļnĨch situáciách ļasto nejde len o oznámenie informácií, ale o tzv. Ălanguagingñ ï 

artikulovanie myġlienky alebo vytv§ranie podmienok na porozumenie a komunik§ciu. Tento 

aspekt je veŎmi d¹leģitĨm v ESP, odborn²ci s¼ ļasto v situ§ci§ch, keby musia sprostredkovaŠ 

podrobn® odborn® inform§cie a kontexty tak, aby ich komunikaļn² partneri, ļasto z inĨch 

odborov, porozumeli a nedochádzalo k nedorozumeniam alebo blokácii spolupráce. 

Prezentovanie v ESP, ļi uģ v mini úlohách alebo komplexnejġ²ch prezentáciách pred publikom 

s¼ vhodnĨm sp¹sobom senzibiliz§cie ġtudentov na mediaļnĨ aspekt komunik§cie. 

 

4.1 Úloha uļiteŎa v tomto procese 

 

Đspeġn® osvojenie prezentaļnĨch techn²k si vyģaduje systematickĨ pr²stup zahŘŔaj¼ci 

teoretick¼ pr²pravu, praktickĨ tr®ning a reflexiu. UļiteŎ ESP tu vystupuje ako facilit§tor a 

mentor, ktorĨ podporuje ġtudentov v rozvoji prezentaļnĨch schopnost² v cudzom jazyku, 

priļom zohŎadŔuje ich jazykovú ¼roveŔ, odbor i individuálne potreby. Jeho úloha zahŘŔa nielen 

sprostredkovanie teoretickĨch poznatkov a praktickĨ n§cvik v autentickĨch ļi simulovanĨch 

situáciách, ale aj rozvoj sebadôvery ġtudentov a ich pripravenosti vystupovaŠ pred rôznorodým 

publikom. 

ü Úvodný teoretický input 

UļiteŎ ESP poskytuje teoretický základ a priestor na diskusiu, ktoré zdôraznia význam 

a uplatnenie prezentaļnĨch zruļnost² v danom odbore. Zameria sa na princ²py ġtrukt¼ry 

prezentácie, efektívne vyuģitie jazyka a vizuálnych materiálov. Z§roveŔ upozorŔuje na rozdiely 

medzi písaným a hovoreným prejavom, typické chyby a stratégie na ich elimináciu. 

ü Povzbudzovanie a motivovanie ǑǘǳŘŜƴǘƻǾ 
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Prezentovanie v cudzom jazyku je ļasto stresuj¼ce, najmª pri jazykovej neistote ļi n²zkej 

sebad¹vere. UļiteŎ zohr§va kŎ¼ļov¼ ¼lohu v motiv§cii, vytv§ran² podporuj¼ceho prostredia a 

vn²man² chĨb ako s¼ļasti uļenia. 

ü Simulácia realistických situácií 

Efektívny tréning prezentaļnĨch zruļnost² zahŘŔa simuláciu reálnych profesionálnych situácií, 

ako s¼ konferencie, obhajoby projektov ļi t²mov® porady. Pr²padn® zapojenie odborn²kov z 

praxe zvyġuje autenticitu a motiv§ciu ġtudentov. 

ü Poskytovanie spätnej väzby 

Konġtrukt²vna spªtn§ vªzba je kŎ¼ļov§ pre rozvoj prezentaļnĨch zruļnost². UļiteŎ hodnot² 

jazykové, obsahové a neverbálne aspekty, poskytuje podnety na zlepġenie a podporuje diskusiu 

o silných a slabých stránkach. Zapojenie ostatných ġtudentov do tohto procesu rozvíja kritické 

myslenie a schopnosŠ poskytovaŠ spªtn¼ vªzbu, ļo je tieģ d¹leģitou jemnou zruļnosŠou. 

ü Prispôsobenie prístupu v jazykovo nehomogénnych skupinách 

V jazykovo nehomogénnych skupinách nie je optimálne meniŠ zadanie, ale je d¹leģit® podporiŠ 

ġtudentov s niģġou jazykovou ¼rovŔou pri zvl§dan² ¼lohy v r§mci ich moģnost², priļom sa 

zachová odborný charakter prezentácie. Efektívnou stratégiou je tvorba skupinových 

prezent§ci², kde si ġtudenti rozdelia ¼lohy podŎa svojich jazykovĨch schopnost² a tieģ 

vyuģ²vanie jazykovĨch ġabl·n. 

 

4.2 Porovnanie oļak§van² a z§vereļn®ho zhodnoteniami ġtudentmi 

Dobre sa n§m osvedļilo vyuģiŠ a zaļiatku semestra projekt²vnu met·du nedokonļenĨch 

verbálnych výpovedí, ktorej podstatou je zistiŠ, aké odpovede produkujú Ŏudia istej skupiny na 

súbor podnetových slov. Popisom tejto výskumnej metódy sa zaoberá napríklad Gavora (1996, 

s. 118-119). Met·da vych§dza z poznatku, ģe napriek mnoģstvu faktorov podmieŔuj¼cich 

odpoveŅ ļloveka na verb§lny podnet, produkuje konkr®tna skupina Ŏud² odpovede, ktor® 

moģno povaģovaŠ za typické pre túto skupinu. Gavora uvádza, ģe vŅaka tejto metóde sa zaļali 

ch§paŠ asoci§cie nie ako met·da zisŠovania potlaļenej sk¼senosti, ale ako kognit²vne 

spracovanej sk¼senosti. Pr§cou s nedokonļenĨmi vĨpoveŅami (napr.: ĂNajŠaģġie pri 

prezentovan² sa mi zd§...ñ), z²skame jednak prehŎad o problematickĨch oblastiach ġtudentov, 

ale taktieģ z§klad na diskusiu a input k prezentaļnĨm technik§m. 
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Systematickou prácou na rozvoji prezentaļnĨch zruļnost² a intenzívnymi diskusiami a podporu 

zo strany pedagóga, je poteġuj¼ce, ģe ġtudenti po dvoch semestroch vnímajú výrazne zlepġenie 

prezentaļnĨch zruļnosti, aj rozvoj jemnenĨch zruļnosti. Uk§ģka je z dotazn²ka spªtnej vªzby 

na predmete AnglickĨ jazyk pre vġeobecn® lek§rstvo na LF UK v Bratislave: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Obrázok 1: sumarizácie odpovedí z dotazník, LF UK 

 



Conference proceedings: 

Perspectives of Foreign Language Teaching for Professional Communication 

in Tertiary Education. 

109 

 

 

 

Obrázok 2: sumarizácie odpovedí z dotazník, LF UK 

 

 

 

 

 

 

 

 

5 Záver 

 
IntegrovanĨ tr®ning prezentaļnĨch zruļnost² v odbornĨch komunikaļnĨch situ§ci§ch 

pripravených presne pre dan¼ profesijn¼ skupinu, spolu s prepojen²m na jemn® zruļnosti, 

umoģŔuje ġtudentom prekonaŠ stres z vystupovania pred publikom a osvojiŠ si komplexn® 

zruļnosti potrebn® pre medi§ciu odbornĨch t®m v r¹znych kontextoch. SystematickĨ pr²stup, 

ktorĨ kombinuje praktick® ¼lohy, spªtn¼ vªzbu a emoļn¼ podporu, zabezpeļ², ģe sa ġtudenti 

dok§ģu efekt²vne pripraviŠ na vĨzvy akademick®ho a profesion§lneho ģivota. 
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II  Practical Application of Academic Skills 

Principles in a Foreign Language 

(PhD studentsô presentations). 
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The accuracy of flow measurement based on water 

- glycol concentration effect 

 
Jaroslav Foltýnek, Jaroslav Syn§ļ, Miroslava Benková 

 

 

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 single-jet, multi-jet, 

electromagnetic, and ultrasonic flow meter. Experimental measurements were performed at 

water-glycol mixtures with varying concentrations (0ï50%), 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 

composition of the measured medium. This study contributes to a deeper understanding of 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 actions are required: 

- selection of the testing device, 

- selection of reference measuring instrument and appropriate types of flow sensors for 

testing, 

- determination of necessary parameters for the individual glycol-water mixtures 

(especially density), 

- evaluation of measurement results, including graphical representation and drawing 

conclusions. 



Conference proceedings: 

Perspectives of Foreign Language Teaching for Professional Communication 

in Tertiary Education. 

113 

 

 

 

 

The content and approach of the experiment solving were generally based on the 

requirements for the current functionalities of the thermal energy meters (in follows TEM) for 

heating and cooling applications. These TEM are in accordance with Directive 2014/32/EU 

(MID), Annex MI-004 [1], the current version of the standard EN 1434-2022 [2], and the 

WELMEC Guide 13.1 document [3]. Specifically, this concerns the use of TEM for measuring 

thermal energy in cooling systems, where, in addition to water as a heat transfer fluid, the 

aforementioned (anti-freeze) mixtures of water and glycol are also used. The issue is related to 

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. 

 

For flow sensor´s measuring principles using for thermal energy measurement, were chosen for 

practical experiment. This experiment was focused on the glycol-water concentration effect on 

the error measurement of a single-jet, dry dial flow meter (water meter), multi-jet, wet dial 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). 

 

 

The issue of cooling measurement is related to the application of antifreeze mixtures, 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 Subjects of research 

 
2.1 Selection of used antifreeze liquid  for  experiment and 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/cm3; CAS: 57-55-6, ES: 200-338-0; M = 76,09 g/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 of (0, -3, -14, -34) °C. 

 

 

2.2 Selection of used meters 
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For experiment were chosen the flow sensor measuring principles and construction types, which 

were typically used for heating and cooling application at thermal energy measurements. 

Selected flow meters for experiment: 

- Single-jet, dry dial flow meter (water meter) ς manufacturer: Enbra, type: ETK-EAX, ser. No.: 

25219192; nominal diameter: DN15; nominal flow rate: Q3 = 2,5 m3/h; ratio: R80H; body 

length: L = 110 mm. 

- Multi-jet, wet dial flow meter (water meter) ς manufacturer: Sensus, type: 420PC, ser. No.: 

42012024224; nominal diameter: DN15; nominal flow rate: Q3 = 2,5 m3/h; ratio: R160; body 

length: L = 165 mm. 

- Ultrasonic flow (water meter) ς manufacturer: Apator Powogaz, type: UL2.5 Ultrimis, ser. No.: 

8AMPA0180029670; nominal diameter: DN15; nominal flow rate Q3 = 2,5 m3/h; ratio: R800; 

body length: L = 80 mm. 

- Electromagnetic flow meter ï 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 

according to the Article 9.2.2.3 of the standard EN 1434-1:2022 [2], for flow sensors by thermal 

energy measurement. 

 

2.3 Selection of measuring method and reference meter 

For measurement was chosen start-stop method with direct reading of mass totaliser of 

reference Coriolis mass flow meter [6]. Subsequently, the real density of the water-glycol 

mixture for the given glycol concentration at real measured temperature of the liquid during the 

measurement were determined. The density values were calibrated by CMI physical chemistry 

department on samples of water-glycol 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). 

The reference meter selected for experiment ï reference mass flow meter is manufacture 

by Micro Motion, type: CMF050 (secondary standard) [7]. Testing flow rate points were chosen 

based on technical possibilities of used testing facility, at nominal values: (500, 1000, 1500) 

L/h. The measurements were done by five repeating of every point for repeatability check and 

reduction of measurement uncertainty (A type). Temperature of water and water-glycol 

mixtures were selected the same as the laboratory ambient temperature, approx. (20 ï 23) °C. 
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2.4 Measuring facility  selection 

Due to the potential contamination of testing facility by glycol and the time-consuming 

nature of the experiment a simple test bench previously used at the CMI for long-term testing 

of water meters (Point 7.11 of the standard EN ISO 4064-2:2017 [8]) and flow meters at the 

selected flow rate and temperature was selected. The selected test bench allowed the 

implementation of the above-mentioned start-stop method with direct readings of the selected 

types and dimensions of reference mass flow meter, resp. of tested flow meters. Sufficiently the 

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. 

 

 

 
Picture 1: Photo of hydraulic circuit 

 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 

Picture 2: Hydraulic scheme of hydraulic circuit 
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Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 

2.5 Measured results 

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 the determination of the overall expanded measurement uncertainty. Subsequently, 

a graphical comparison of the identified errors of measurements are made for 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 Single-jet flow meter 

 
Table 1: Single-jet flow meter results 

 

 Water (0 % Glycol) Glycol 10 % Glycol 30 % Glycol 50 % 

Flow 

rate 

 

Error 

Uncertainty 

U (K=2) 

 

Error 

Uncertainty 

U (K=2) 

 

Error 

Uncertainty 

U (K=2) 

 

Error 

Uncertainty U 

(K=2) 

[m3/h] [%] [%] [%] [%] [%] [%] [%] [%] 

1.50 -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 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 

 

Picture 3: Graphical presentation of results with uncertainty intervals for Single-jet flow meter 
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Source: Z§vŊreļn§ zpr§va ļ. 6015-TR-Z0001-23 k ¼kolu TR ļ. 23E601501 

Picture 4: Graphical comparison of Single-jet flow meter error curves 

 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 

 

 

 

2.5.2 Multi -jet flow meter 
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Table 2: Multi-jet flow meter results 

 

 Water (0 % Glycol) Glycol 10 % Glycol 30 % Glycol 50 % 

Flow 

rate 

 

Error 

Uncertainty 

U (K=2) 

 

Error 

Uncertainty 

U (K=2) 

 

Error 

Uncertainty 

U (K=2) 

 

Error 

Uncertainty 

U (K=2) 

[m3/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 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 

 

 

 

 

 

 

 

 

 

 

Picture 5: Graphical presentation of results with uncertainty intervals for Multi-jet flow meter 

 

 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 
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Picture 6: Graphical comparison of Multi-jet flow meter error curves 

 

 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 

 

5.2.3 Ultrasonic flow meter 

 
Table 3: Ultrasonic flow meter results 

 

 Water (0 % Glycol) Glycol 10 % Glycol 30 % Glycol 50 % 

Flow 

rate 

 

Error 

Uncertainty 

U (K=2) 

 

Error 

Uncertainty 

U (K=2) 

 

Error 

Uncertainty 

U (K=2) 

 

Error 

Uncertainty 

U (K=2) 

[m3/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 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 

 

 

 

 

Picture 7: Graphical presentation of results with uncertainty intervals for Ultrasonic flow meter 
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Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 

 

 

 

 

 

 

 

Picture 8: Graphical comparison of Ultrasonic flow meter error curves 

 

 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 
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5.2.4 Electromagnetic flow meter 

 
Table 4: Electromagnetic flow meter results 

 

 Water (0 % Glycol) Glycol 10 % Glycol 30 % Glycol 50 % 

Flow 

rate 

 

Error 

Uncertainty U 

(K=2) 

 

Error 

Uncertainty 

U (K=2) 

 

Error 

Uncertainty U 

(K=2) 

 

Error 

Uncertainty 

U (K=2) 

[m3/h] [%] [%] [%] [%] [%] [%] [%] [%] 

1.50 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 

0.50 0.71 0.12 0.53 0.36 0.57 0.14 0.26 0.14 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 

 

 

 

 

Picture 9: Graphical presentation of results with uncertainty intervals for Electromagnetic flow meter 

 

 

 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 
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Picture 10: Graphical comparison of Electromagnetic flow meter error curves 

 

 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 

 

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: The effect of mass amount of monopropylene glycol in water on electrical conductivity 

 

 

 

        

        

        

        

        

        

 

 

 

 

Source: Z§vŊreļn§ zpráva ļ. 6015-TR-Z0001-23 k úkolu TR ļ. 23E601501 
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3 Conclusion 

Relating measured results of sigle-jet, multi-jet and electromagnetic flow sensor (errors and 

uncertainties are in approx. range 0.1 % up to 1,6 %) for selected flow rates and water-glycol 

concentrations, the anticipated compliance with the maximum permissible error (MPE) limits 

was confirmed, both according to the standard EN 1434-1:2022 for thermal energy meters and 

the standard EN ISO 4064-1:2017 for water meters. 

The results indicate that with increasing concentration of glycol in mixture, the single-jet 

and multi-jet flow meters show a shift in the measurement error towards positive values. From 

the measured results, it follows that the electromagnetic flow meter exhibits the least sensitivity 

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 

water-glycol mixtures, a significant error limit is fulfilled (1 % declination). 

 

 

The different situation appears by ultrasonic flow meter, mainly by concentration 30 wt. %, 

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 

measures the flowrate more less as real. This is a significant conclusion, because the ultrasonic 

flow meters make up the majority of meters used for measuring of the flowrate by TEM. This 

finding should be confirmed by additional retesting and discussed with the manufacturer of 

tested meter. 

 

 

The reasons can be as follows: 

- Different speed of sound for water and glycol mixtures. 

- Different viscosity for water and glycol mixtures. 

- Different flow profile for water and glycol mixtures (Reynolds number effect). 

- The meter damage during the measurement. 

- Tested ultrasonic flow meter was adjusted for water measurement only. 

 

 

The measured results indicate that the glycol concentration in water have effect on the 

measurement error of the flow meters. Therefore, for correct measurement the real 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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Realisation of new primary  standard of gas flow 

 
Tom§ġ Valenta 

 

 

Abstract 

This research paper describes the process of developing a new national standard for gas flow in 

the Czech Republic. In the introductory part, the need to ensure accurate gas flow 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 explained.  Furthermore, the 

definitions of a primary standard and of metrological traceability are mentioned. An important 

part is the result of a literature study on primary standards found in different laboratories of 

national metrology institutes around the world. The 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 disadvantages. In the following 

section the specification and detailed description of the selected type of primary standard is 

given. This primary standard is already under construction in the Czech Republic following the 

conclusions of literature study. In principle, it is a Bell Piston Prover with a planned flow range 

of 2 L/h to 2 m3/h. This primary gas flow standard will  be able to calibrate secondary standards 

such as rotary displacement gas meters, sonic nozzles, wet drum gas meters and other gas flow 

meters not only under atmospheric pressure but even under higher pressure. 

 

Keywords: primary standard, metrology, gas flow 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 frequent usage of natural gas for heating, cooking, in power plants for electricity generation, 

as a raw material for the chemical industry and as a fuel for cars (CNG). Due to the more user- 

friendly operation of gas appliances and a cleaner environment compared to installations using 

solid or liquid fossil fuels, a natural gas distribution pipeline network covering most populated 

areas, including industrial centres, has been built in the past in most countries where the weather 

is colder in winter. In the Czech Republic, for example, gas distribution companies use about 

3.5 million household diaphragm gas meters for commercial purposes, i.e. measuring the 

volume of natural gas. 

It is well known that the main component of natural gas is methane. It is therefore used not only 

as an energy source, but also as a source of hydrogen, for example for the production of 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 challenges have emerged in this field under the EU Green Deal initiative [1] to put the EU 

on the path to a green transition with the ultimate goal of achieving climate neutrality by 2050, 

reducing carbon dioxide emissions and fossil fuel use, which can be ensured by 

¶ 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 

solar or wind power plants. For long distance distribution, the possibility of transporting 

hydrogen in the form of ammonia (NH3) is being explored [2]. 

¶ 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; 

¶ 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 

price and the psychological impact on reducing one's own consumption while 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 a source of metrological traceability at the highest level, that will  be the main subject 

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. They are usually based 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. 

 

 

2.1 Equivalent Liquid  Quantity  Equipment (ELQE) 

 

 

The basic design scheme of the ELQE, which serves as the national standard in the Czech 

Republic, is shown in Figure 1 on the following page. The principle of determining the gas 

volume on this facility is based on the equality of the volume of liquid that is released from the 

tank and the volume of air that replaces the released liquid. [3] 
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Figure 1 - Photograph and schematic drawing of Equivalent Liquide Quantity Equipment (ELQE) [3]  

The basic part is a hermetically sealed wide cylindrical tank (1), which is placed on a steel 

structure at a height of 4.5 m. This tank is filled with mineral oil. Above the level of the oil 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 

tank is the outlet pipe (11), through which 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 

tank the oil will  flow through. The oil can flow directly to the outlet nozzle, which is located at 

the end of the outlet line, or through two liquid volume flow meters (8). Upstream of the nozzle, 

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 (3) or to the lower tank (4) at the beginning and at the end of the test. 

The lower (4) and upper (1) tanks are connected by a pipe (13), on which the pneumatic valve 

(12) and pump (5) are located, and an overflow 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 

lower tank (4) first. A vacuum is created above the level of the upper tank, which causes air to 

be sucked from the air-conditioned laboratory through the gas meter under test above the level 

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 

volume of air has passed through the gas meter under test, the switching device (2) is switched 

at a certain impulse from the gas meter so that the oil no longer flows onto the balance and the 

open pneumatic valve (10) is closed. After the balance indication (3) has stabilised, the weight 

of the oil which has flowed out is read. The volume of oil on balance is equivalent to the volume 

of air replacing the oil in the upper tank which is sucked through the instrument under test. This 

volume is determined indirectly from the known density of the oil and by weighing the oil. The 

oil density during the test is also determined indirectly by measuring the temperature of the oil 

flowing out and from the known temperature dependence of the oil density. After weighing the 

oil flowed out during the test, the oil is flowed into the lower tank (4) and pumped from the 

lower tank (9) through the pipe (13). The pumping continues until the oil level in the upper tank 

reaches the value before the test began. The oil level is measured by a capacitive sensor. As 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. The error of the gas meter fc is determined at least three times at one set flow 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 basic schematic drawing of the Bell Prover, that is a national standard in Czech Republic, is 

shown in Figure 2, a photograph is shown in Figure 3 [3]. The facility consists of two vessels. 

The lower vessel is a welded cylindrical steel vessel into which another cylindrical vessel is 

inserted. The resulting inter-cylinder space contains a very low viscosity oil, often Shell 

Morlina S2 BL5. The second vessel consists of a cylindrical bell turned with bottom up 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 construction of steel profiles is fixed to the rigid structure of the lower outer vessel, on which 

other parts of the Bell Prover are mounted. Precise vertical movement of the measuring bell is 

ensured by guide 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. 

The rope arrangement, together with the weight system, ensures that the buoyancy forces acting 

on the bell, which is immersed in oil, are compensated and constant pressure is maintained 

under the bell during the measuring cycle. The counterweight system consists of two weights. 
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One weight, which ensures a constant oil level in the intermediate cylinder space, is attached to 

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. 
 

Figure 2 - Schematic drawing of the Bell Prover [3]  

 

Figure 3 - Photographs of the Bell Prover [3]  

 

An air pipe is placed into the inner cylinder of the lower vessel. A filling  pipe, connected via a 

shut-off valve to the ventilator, is placed at the bottom of the lower vessel. When the ventilator 
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is switched on and the shut-off 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 vessel by another shut-off valve. 

By opening the valve on the air line upstream of the measuring line, air is forced by 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 

measuring line in the other room can be switched on. All  shut-off valves on the Bell Prover are 

pneumatically operated. A side shut-off valve is incorporated in the measuring line in front of 

the meter under test and is opened whenever the bell rapidly stops its downward motion at the 

end of the test, allowing air to be sucked into the space between the bell and the meter under 

test, thereby preventing damage to the meter under test which might be susceptible to a sudden 

stop. The air flow can be regulated by three manual valves placed parallel to each other on the 

measuring line between the gas meter under test and the bell (FR01, FR02, FR03 in Figure 2). 
 

Figure 4 - Bell Prover Control Panel [3]  

All tests on the Bell Prover is controlled and managed by a personal computer equipped with 

the appropriate software (Figure 4). 

At the start of the test, the shut-off valve on the measuring line opens, causing air to be forced 

out of the bell and into the meter under test. The bell begins to go down. After the stabile 

movement of the bell has been established, the position of the bell is read on two incremental 

rulers at a certain pulse from the gas meter or after a certain volume has been displaced (when 

testing instruments without pulse output, e.g. sonic nozzles). At the final predefined pulse from 

the gas meter or after displacement of a predefined volume of air, the final bell position is read 

and the two shut-off valves on the measuring line are closed at the same time. The ventilator is 

then automatically switched on and the bell is pushed to its initial position. Before the next test, 

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, the temperature under the bell and in the gas meter under test during the test and the volume 

recorded by the gas meter under test, it is possible to calculate the error with which the gas 
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meter under test recorded the volume of air. For calibrations of sonic nozzles, a vacuum pump 

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, reduced by more than 

50 mbar by means of valves upstream of the nozzle. 

In the rising mode, two pressure regulators are used to adjust the inlet pressure of the air entering 

from a 2.7 m3 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 recorded. The temperature inside the bell is 

determined from an electronic thermometer and under the bell, where homogeneity is ensured 

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, 

usually from the pressure outlet "pr " or upstream of the sonic nozzle. The displacement of the 

bell is measured by two incremental rulers which are located at the guide rods. The average 

value of the bell displacement measured by these two rulers is used to calculate the error of the 

gas meter under test. 

For the new Bell 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 primary low-flow mass standard consisting 

of a dynamic gravimetric system [5]. The standard itself consists of a pressure vessel built on a 

precision electronic balance with an automated system for zeroing the balance, calibrating the 

balance and loading the cylinder (Figure 5). This system is built on a special table for vibration 

damping. It is enclosed in an enclosure to ensure that the effect of air flow on the weighing 

cylinder is suppressed. It is also equipped with a system that monitors the temperature, humidity 

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 into a molbloc - molbox system, 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 

stabilising the flow rate and checking that the balance is reset, measures the weight loss of gas 

from the bottle indicated by the balance, from which it directly calculates the mass flow rate in 
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mg/s or any other required units. The calculated flow rate is corrected for the effects acting on 

the system during measurement. This is mainly the change in the buoyancy force acting on the 

bottle. 

These devices are typically used in the flow rate range (0.00006 - 0.3) m3/h. 

Figure 5 - Schematic diagram of a primary standard with low mass flow based on the dynamic gravimetric 

principle 

1 - gas cylinder on a balance, 2 - balance, 3 - flexible connecting capillary, 4 - control element (valve or MFC ), 

5 - calibrated secondary standard (Molbloc), 6 - evaluation unit of the secondary standard (Molbox), 7 - device 

for automatic calibration and zeroing of the balance during the measurement, 8 - calibration weight of the balance 

9 - thermometers and hygrometers for measuring the conditions in the space close to the balance, 10 - pump for 

calibration of sonic nozzles [5]. 

 

2.4 Equipment based on PVTt  method 

 

The general principle of operation of a primary standard based on the measurement of pressure 

(P), volume (V), temperature (T) and time (t), 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 

(increase of the gas density) or generated out of the measuring tank (decrease of the gas density). 

Test facilities based on the PVTt method typically operate by a running start-stop method, which 

ensures a near constant flow through the device under test. This method can be designed with 

static or dynamic gas density measurement. 

The principle of operation when using the tank injection mode is shown in Figure 6. 
 

Figure 6 - Schematic diagram of PVTt device for injection mode [6]  
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Due to the need to stabilize the tank temperature preferably at a constant value, the gas tank is 

often placed in a water tank (Figure 7). The usual range of flow rates is from 0.2 m3/h to 

100 m3/h. 

 

Figure 7 - PVTt equipment in NIST laboratory (USA) [7]  

 

 

2.5 Equipment based on piston method 

 

The measuring piston is a reference device used to realize and accurately determine small flow 

rates. It is a volumetric measuring principle, where a piston with a precisely defined effective 

area displaces the gas into the meter under test. From the known area and displacement distance 

of the piston, the displaced volume into the meter under test is known. Of course, as with any 

measurement, it is necessary to ensure that the temperature and pressure of the gas in the piston 

and at the location of the meter under test are measured. 

The electric motor drives a measuring piston housed in a cylinder of constant cross section. The 

displacement of the piston generates flow. The device works very precisely and by moving the 

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 shown in Figure 

8. 

 

Figure 8 ï Equipment based on piston method [8]  
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There are also primary standard devices with a "free" piston. These devices are used for very 

small flow rates, i.e. from 1 ml/min. The cylinder placed in the vertical position is usually made 

of borosilicate glass and the piston is sealed with a mercury O-ring which 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 BPP2 in CMI  

 
3.1 Description of the initial  state and selection 

 

Since the existing national standard ELQE (Equivalent Liquide Quantity Equipment) was 

developed and built in principle already in 1980 and the new building of the regional 

inspectorate CMI Pardubice is already planned for a new national standard, the tender for a 

new national standard was repeatedly announced. The existing ELQE has a range from 

0.15 m3/h to 17 m3/h and the new existing Bell Prover (national) standard has a range from 

0.5 m3/h to 280 m3/h. Thus, it will  be appropriate to build a new national standard ideally with 

a range of 0.002 m3/h to 2 m3/h. In fact, new types of diaphragm gas meters are produced with 

a range of 0.016 m3/h and the relevant authorised metrology centres will  require their standards 

to be calibrated by national standards in this range as well. Small wet drum gas meters are also 

manufactured with flow rates from Qmin =0.01 m3/h. 

 

Figure 9 Typical arrangement of a Bell-Piston Prover 

CMI has carried out a study on primary reference devices in Europe in the field of calibration 

of gas flow meters under atmospheric conditions in the air flow range from 0.01 m3/h to 

10 m3/h at a temperature of about 20°C. From this information and also from the experience of 

Twinning missions and colleagues from foreign metrology institutes, the principle of a new 

national standard was selected, namely the Bell-Piston Prover, which is a piston method-based 

standard. There are three advantages compared to an actual ELQE. This new Bell-Piston 

Prover principle (Figure 9) allows the sonic nozzles to be tested even at higher inlet pressures, 

there is no risk of problems with changing liquid properties over time, there is no risk of 

problems with the oil flow switching device to 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 company submitted an offer within the 

deadline. The selection of a new national standard based on the Bell-Piston Prover principle 

was therefore continued subsequently. In a new tender procedure, which took the form of a 

'negotiated procedure with publication', the company EP Ehrler Prüftechnik Engineering 

GmbH was selected. This 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 on the Concept for the Development 

of the National Metrology System of the Czech Republic. 

 

3.2 Specification of the new national standard BPP2 

 
The new national standard should be the Bell-Piston Prover, which is the primary standard 

based on the piston method with a pressure range of up to 6 bar in terms of metrological 

traceability. The Bell-Piston Prover will be used to calibrate high-precision reference gas 

meters, sonic nozzles and other reference gas flow meters in the flow range of 0.002 m3/h to 

2 m3/h. The principle was developed together with the Physikalisch-Technische Bundesanstalt 

(PTB), the national metrology institute in Germany. 

The basic element is a precisely dimensioned metal bell-piston, which is placed in a pressure 

resistant vessel and which displaces air into the meter under test during its horizontal 

movement. Initially  a vertical arrangement was considered, with the piston moving from top to 

bottom, but it was found that a horizontal position would be preferable, where better thermal 

stability would be guaranteed. The piston is housed in a pressure vessel and is operated by a 

stepper motor and a ball screw spindle with a spindle nut. The piston body is sealed to the guide 

rod by two seals. Any potential leakage can be detected by measuring the pressure between the 

two seals. The system consists of two chambers which are interconnected by a pipe with a 

control valve. Compared to the conventional Bell Prover, this design has the advantage that the 

geometric measurement of the piston is done by determining the piston outer diameter values. 

These outer diameter values can be measured at significantly lower uncertainties than the Bell 

Prover's inner diameter values. The Bell-Piston Prover with spindle stepper motor has been 

successfully tested in several institutes and is capable of accurately realizing volumetric flow 

rates. 

The new reference facility is also required to include an extension, i.e. a secondary section with 

sonic nozzle block(s) for flow rates equal to and higher than the Bell-Piston Prover base section. 

The flow range of the primary part of the Bell-Piston Prover should be from 0.002 m3/h to 

2 m3/h with a measurement uncertainty U(k=2)¢ of 0.10 % in the middle part of the 

measurement range. Another secondary section with sonic nozzle block(s) should have a range 

from 0.002 m3/h to 17 m3/h with a total measurement uncertainty U(k=2)¢ of 0.25 %. 
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4 Conclusion 

The construction of a new primary standard based on the Bell Piston Prover principle will  bring 

a significant improvement in the field of gas flow measurement. It will  reduce the measurement 

uncertainty compared to the current situation and will place the Czech Metrology Institute 

among the laboratories with the lowest measurement uncertainty in the world. It will  also enable 

us to offer new services to many new customers. 
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Dynamic behaviour in medical thermometers 

 
Strnadová, 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 thermometersðdigital, forehead 

thermometers and ear thermometers using controlled experiments to quantify response time 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 

response times across a range of temperatures (32 °C to 42 °C) to simulate typical human body 

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 

changing the human condition by changing of ambient temperature. The findings highlight that 

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: medical thermometer, human body temperature, dynamic behaviour 

 
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 constant (†) and stabilization time. Contact 

digital thermometers require direct thermal equilibrium with the body, while non-contact 

infrared thermometers measure emitted thermal radiation. This article analyses the dynamic 

behaviour of these thermometers to understand their response characteristics. 
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2. Theoretical Background 

To expand the theoretical introduction with equations and graphs, we can begin by considering 

the mathematical models that describe the dynamic behaviour of medical thermometers. These 

models can be described using differential equations, and the response of the thermometer to 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 a first-order thermal system. The first- 

order dynamic behaviour is governed by the following linear differential equation: 

† 
ὨὝ(ὸ) 

+  Ὕ(ὸ) =  Ὕ (1) 

where: 
Ὠὸ Њ 

T(t) is the temperature of the thermometer at time t, 

ὝЊ is the ambient temperature (or the temperature being measured), 

Ű is the time constant of the system, which represents the rate at which the thermometer responds 

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 input, ὝЊ, is applied. The transient response can be written as: 

 

Ὕ(ὸ) =  ὝЊ (1  Ὡ 
ὸ 

 
 

†) (2) 

 

where 

ὸ 

Ὡ † describes the exponential approach to the final temperature ὝЊ. 

 

 

Transient Response and Time Constant 

The transient response shows how the thermometer's temperature changes over time as it reacts 

to a sudden change in the measured temperature. The time constant Ű dictates how quickly the 

thermometer reaches its final temperature. A larger time constant means a slower response, 

while a smaller time constant corresponds to a faster response. 

 

Effect of Transport Delay 

Transport delay, or time lag, arises in systems where there is a delay in the transfer of heat due 

to the thermal properties of the thermometer. This can be modelled as a time shift in the 
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temperature response. A simple way to model the effect of transport delay is by modifying the 

solution to the differential equation: 

(ὸ†Ὠ)  

Ὕ(ὸ) = ὝЊ (1  Ὡ † ) for ὸ  †Ὠ (3) 

where †Ὠ is the transport delay, and the system starts to respond after the delay time. 

 

 

Complete System Response with Transport Delay 

When a transport delay is introduced, the thermometer will  not begin to change its 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 delay of †d=30 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Comparison of step responses of the system without and with time delay. 

 

The dynamic behaviour of medical thermometers, including the first-order system response and 

the effects of transport delay, plays a crucial role in understanding their performance. The time 

constant Ű dictates the speed of the thermometer's response, while the transport delay †d 

introduces a lag in the system's reaction. Both factors are important for the accuracy and 

responsiveness of temperature measurement systems, especially in clinical applications where 

precise timing and stability are necessary. 
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3. Measurement method 

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 were non-contact, two pieces of 

them was intended for measuring in the ear and six of them were universal with the possibility 

of measuring on the forehead and in the ear. All non-contact thermometers had the option to 

switch to the surface measurement mode. Seven types of thermometers were used, two of each, 

of all contact and non-contact thermometers. Two identical pieces were used to recognize non- 

standard behaviour of a thermometer. The list of all thermometers is in Table 1 shown. In this 

article the name used are in second column, sometimes, the noncontact thermometers are named 

only in short term (e.g. B3, B4, etc.). Experiments were performed in laboratory Unit of Primary 

Metrology of Thermo-Technical Quantities at the Czech Metrology Institute (CMI) in Prague. 

 

 

 

 

 

 

 

 
Table 1. List of used thermometers. 

 

 Name in this 
article 

Company Model Serial number 

 KuŚe1 HELTES DT-111G 280223 

C
o
n
ta

c
t 

th
e
rm

o
m

e
te

rs 

KuŚe2 HELTES DT-111G 280223 

Thermo3 Hartmann Thermoval rapid 2148 

Thermo4 Hartmann Thermoval rapid 2148 

Life5 Truelife Care T3 DMT-4764p 

Life5 Truelife Care T3 DMT-4764p 
 Tesla B1 TESLA TSL-HC-UFR102 24030080400876 
 Tesla B2 TESLA TSL-HC-UFR102 24030080400891 
 Laica B3 Laica TH1004 2000184 

N
o
n
c
o

n
ta

c
t 

T
h
e
rm

o
m

e
te

rs 

Laica B4 Laica TH1004 2000184 

Life B5 Thrulife JPD-FR409-BT TLCQ10230200604 

Life B5 Thrulife JPD-FR409-BT TLCQ10230200609 

Reer B7 Reer A202E 2023/09 

Reer B8 Reer A202E 2023/09 
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Figure 2. Designs of thermometers, on the left there are contact thermometers and on the right is non-contact 

thermometers. 

 

 

Task 1 Calibration 

The thermometers were calibrated at two temperatures (36 and 38) °C. Contact thermometers 

were calibrated in a bath filled with distilled water and non-contact 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. 

The liquid bath had good stability and the sensor immersion was 7 cm. A resistance temperature 

transducer monitored the stability of temperature in the bath throughout the measurement. The 

results of the contact sensor calibration are in Table 2. Symbol tM and tst means measured and 

standard temperature, respectively. U is the measurement uncertainty. 

 

 
Table 2. Calibration results of contact thermometers in the bath. 

 

 Temperature, °C Uncertainty, °C 

 36 38 36 38 

 tM-tst, °C tM-tst, °C U, k=2 U, k=2 

KuŚe1 0.036 -0.176 0.020 0.020 

KuŚe2 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 
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All non-contact thermometers were calibrated on flat-plate black bodies (BB) with emissivity 

set to e= 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 non-contact thermometers from different distances are in Table 3. 

Table 3. The results of the noncontact sensor calibration with flat blackbody. 
 

 Temperature 

 38 °C 36 °C 

Name/measurement 
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 

Tesla B1 -0.2 -1.1 -4.3 -0.4 -0.9 -2.7 

Tesla B2 -0.2 -0.6 -2.1 -0.3 -0.7 -1.5 

Laica B3 -0.2 -1.0 -2.3 -0.5 -0.7 -1.7 

Laica B4 -0.2 -0.6 -2.6 -0.5 -0.7 -1.7 

Thruelife B5 0.0 -0.4 -1.9 -0.5 -0.7 -1.6 

Thruelife B6 -0.1 -0.6 -1.6 -0.6 -1.0 -2.4 

Reer B7 -0.2 -0.6 -1.9 -0.5 -0.7 -2.0 

Reer B8 -0.2 -0.6 -1.9 -0.5 -0.7 -2.0 

After that, the thermometers B3 to B8 were calibrated in cavity blackbody (see Figure 3) with 

following results in Table 4. 

Table 4. The results of the noncontact sensor calibration with cavity blackbody. 
 

Name B3 B4 B5 B6 B7 B8 B3 B4 B5 B6 B7 B8 

 36 °C 38 °C 

Measured Value, °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 0.0 0.1 0.1 0.0 0.0 0.1 0.2 0.2 0.2 0.2 0.1 

tM-tst, °C 0.6 -1.4 -1.9 -1.9 -1.6 -1.7 1.7 -0.2 0.0 0.1 -0.1 -0.3 

 

 

Figure 3. An example of the noncontact thermometer usage. 
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One experiment was conducted on a person who was in a stable environment and was measured 

by all contact and non-contact thermometers. The forehead and armpit temperatures were 

measured. The results are shown in the Table 5. This measurement was for informational 

purposes. 

Table 5. The results of measured human body temperature by different thermometers in stable 

conditions. 
 

 Name Temperature, °C Stability, Max-min, °C 
 KuŚe1 36.0 0.2 

C
o
n
ta

c
t 

th
e
rm

o
m

e
te

rs 

KuŚe2 36.2 0.2 

Thermo3 36.0 0.2 

Thermo4 36.1 0.2 

Life5 36.9 0.2 

Life6 36.0 0.2 
 Tesla B1 forehead 36.4 0.2 
 Tesla B2 forehead 36.4 0.1 

N
o

n
c
o

n
ta

c
t T

h
e
rm

o
m

e
te

rs Laica B3 forehead 36.6 0.2 

Laica B3 ear 36.8 0.1 

Laica B4 forehead 36.7 0.3 

Laica B4 ear 36.8 0.2 

Laica B5 forehead 36.8 0.3 

Life B5 ear 36.8 0.4 

Laica B6 forehead 36.8 0.2 

Life B6 ear 36.8 0.5 

Reer B7 ear 36.7 0.3 

Reer B8 ear 36.7 0.1 

 

Task 2 cycling in 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 

experiment, a tempered contact thermometer was cyclically placed in a bath with a temperature 

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 shown in Figure 4. 
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Figure 4. Reading of contact thermometer KuŚe1 cycled between two baths (36 °C and 38 °C). 

 

For each thermometer, the step response was compared for all measurements. For the same 

thermometer the results are in following figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Step response curve for all changes of the temperature for one thermometer. Number after letter m 

indicates cycle number. 

With non-contact thermometers, the same measurement was performed, but instead of the bath, 

a black body plate (emissivity ‐=0.95) was aimed from a distance of 1 cm or 2 cm. One reading 

was taken because the sensor was not immersed in the liquid, unlike the previous measurement. 

Cycling for both experiments was repeated at least 10 times. The results show no transient 

behaviour (all the same value). 
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Task 3 changing the ambient temperature 

This series of experiments was conducted by changing the ambient temperature of 

thermometers that measured a thermally stable subject. The thermometers were cooled and 

subsequently measured subjects at room temperature (22 °C). The thermometers were tempered 

for 12 hours at a temperature of 5 °C. Then the thermometers were taken into the room and the 

measurement began immediately. The thermometers were measured gradually one by one. The 

thermometer according to the model was used to repeatedly measure the temperature of the 

human body on the forehead, armpit, ear, or a combination. The person was in stable conditions 

without disruptive influences (air conditioning on, a place with bright sunlight). The person had 

disease-free, 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 stabilized. Non-contact 

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 6 are written result for every contact thermometer, where T0-T¤ means the difference 

between initial and final measured temperature. 

 

:06 14:0 8 14:0 9 14:1 1 14:1 2 14:1 3 14 

 
 

     

      

      

      

      

      

 

 
Figure 6. Step response curve of Thermo3 thermometer. 

 

Stable values of the contact thermometers are shown in Table 6. 

 
Table 6. Measurements results for contact thermometers. 

 

 

 

 

 

 
Name/note 

 

 

Temperature 

before 

experiment 
Tbef, °C 

 

 

Time to 

stabilisation, 

mm:ss 

 

 

Stable 

value ἢЊ, 
°C 

Difference 

between start 

and end of 

the 

measurement, 
ἢ  ἢЊ, °C 

KuŚe1 36.2 0:15 36.1 -0.1 

T 0
-T
¤
, °

C 
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Time, hh:mm 

forehead ear 

 

 

 

 

 

 
Name/note 

 

 

Temperature 

before 

experiment 
Tbef, °C 

 

 

Time to 

stabilisation, 

mm:ss 

 

 

Stable 

value ἢЊ, 
°C 

Difference 

between start 

and end of 

the 

measurement, 
ἢ  ἢЊ, °C 

KuŚe2 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 step response of noncontact thermometer in ear and forehead mode looks similar like 

in Figure 6. There are some cases, which exhibit either time delay or inflexion point. Sometimes 

both including the oscillation in the end of the curve. 

 

       

       

       

       

       

 

 

 

 

 
Figure 7. Step response curve for Thruelife B6 thermometer in both forehead and ear mode of operation with 

nonzero time delay and oscillation. 

The results with stable values for noncontact thermometers are shown in following table. 

 
Table 7. Results of non-contact thermometers in changing environmental conditions. 

 

Name Tesla B1 Tesla B2 Laica B3 Laica B4 

Type forehead forehead forehead ear forehead ear 

Stable Value, °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 Reer B7 Reer B8 

Type forehead ear forehead ear forehead ear 

Stable Value, °C 36.8 36.8 36.8 36.7 36.5 36.6 

T M
-T

0,
 °

C 
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Difference during 

measurement, °C -4.9 -2.5 -4.0 -1.9 -1.2 -0.2 

Time, hh:mm 0:14 0:15 0:16 0:16 0:06 0:04 

 

Task 4 changing the human condition 

The third experiment involved changing the ambient temperature to alter the human condition. 

The thermometers were initially stabilized at a temperature of 22 °C, and the subject was 

exposed to changes in ambient temperature. The measurements were conducted in February in 

Prague. The subject spent 10 minutes outdoors at 5 °C, without a hat, in the shade, and with no 

wind. Upon entering the room, the measurements began immediately, using one or, in some 

cases, two thermometers. Multiple readings were taken at 10-second or 20-second intervals. 

Non-contact thermometers were set to the appropriate mode. A type of step response curve was 

very similar like in Figure 6. Results of noncontact thermometers are in following table shown. 

Table 8. Results of non-contact thermometers in changing subject environmental conditions. 
 

Name Tesla B1 Tesla B2 Laica B3 Laica B4 

Type forehead forehead forehead ear forehead ear 

Stable Value, °C 36.2 36.1 36.3 36.7 36,3 36,7 

Difference during 
measurement, °C -1.0 -1.1 -2.2 -0.4 -0,4 0,0 

Time, hh:mm 0:07 0:10 0:10 0:09 0:03 0:03 

Name Life B5 Life B6 Reer B7 Reer B8 

Type forehead ear forehead ear forehead ear 

Stable Value, °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 -0.4 

Time, hh:mm 0:13 0:10 0:16 0:16 0:06 0:05 
 

 

4. Results and discussion 

Task 1 Calibration 

The contact thermometers were calibrated and their deviations from the standard ranged from 

+0.036 °C to +0.211 °C at the calibration point of 36 °C. Furthermore, at the calibration point 

of 38 °C, the dispersion of the deviation values from the standard ranged from -0.201 °C to 

- 0.076 °C. The trend is opposite: at higher temperatures, the deviation for all thermometers is 

negative, while at lower temperatures it is positive. 
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Non-contact thermometers have larger calibration deviations than non-contact thermometers at 

both temperatures. Their differences from standard at the calibration point 36 °C were in the 

range from -0.6 °C to -0.3 °C, and at point 38 °C the differences were less scattered and in a 

range from -0.2 °C to -0.0 °C. In the calibration of non-contact thermometers, the temperature 

change dependence on the distance from the measured object was verified. The experiment 

clearly shows that not reaching the manufacturer's recommended distance significantly distorts 

the measured temperature. 

 

Task 2 cycling in laboratory 

During calibration measurements, cycling (rapid transitions between measurement objects) 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 is why no future analysis were performed. 

 

Task 4 changing the human condition 

The results from task 4 was more suitable for further analysis than results from task 3. That is 

why we will  start with it. Initially  the linearisation of equation 2 by using of natural logarithm 

was performed. ὰὲ (Ὕ(ὸ)  ὝЊ ) =   
ὸ
. After that linear least square (LS) method was 
† 

performed to obtain time constant †. 
 

 

 

 

 

 

 

 

 

 
Figure 8. Linearised data using natural logarithm and fitting by LS method. On the left the thermometer is 

suitable for this solution, on the right not. Left picture shows results from Tesla 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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Figure 9. Normalised step response curve together with nonlinear least squares method approximation. 

 

From this the calculation of time constant † was done. For example, in thermometer Tesla B1 

time constant from linearisation is 371 s and from NLS method 289 s. In practical life the time 

υ ᶻ † could be use as the stabilisation time (the deviation from stable value is less than 1 %). 

The results are in following table shown. 

 

 

 

 

 
Table 9. Results of non-contact thermometers in changing subject environmental conditions. 

 

Name Tesla B1 Tesla B2 Laica B3 Laica B4 

Type forehead forehead forehead ear forehead ear 

Time constant Ⱳ, s 289,7 168,2 103,3 negligible 49,8 negligible 

Name Life B5 Life B6 Reer B7 Reer B8 

Type forehead ear forehead ear forehead ear 

Time constant Ⱳ, s 271,5 100,0 485,6 negligible 103,3 300,0 

The same method applied to the contact thermometers yield to values less than 20 s. 

 

Task 3 changing the ambient temperature 

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 is in Table 6 and Table 7 shown. 
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5. Conclusion 

This study demonstrates the distinct dynamic behaviours of contact and infrared thermometers. 

While digital thermometers require significant time to equilibrate, infrared thermometers 

achieve near-instantaneous measurements. The choice of a thermometer should consider the 

trade-off between response speed and measurement reliability. Future research should explore 

advanced sensor materials and machine learning algorithms to enhance temperature 

measurement accuracy under varying environmental conditions. 

The measured data indicates that the recorded transient response of individual thermometers is 

almost never fully complete. The evaluation must therefore be divided into several phases: 

Å Calibration deviations of individual thermometers. 

Å Measurements under stable environmental conditions (cycling). 

Å Measurements when either the thermometer or the subject is exposed to changes in 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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Basics of metrology and medical metrology 

Smetánka Andrej,  Ryb§Ś Jan 

 

 

Abstract 

Metrology, the science of measurement, is a critical foundation in ensuring accuracy and 

reliability across various fields, including healthcare. This paper describes the basic principles 

of metrology and 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 

the unique requirements of healthcare influence the implementation of metrological traceability 

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 

European regulations represented by the Medical Device Regulation (MDR), which emphasizes 

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 branch ï medical metrology ï in securing 

reliability, accuracy and safety of all medical devices (not only measurement devices). 

 

Keywords: metrology, medical metrology, MDR, metrological traceability 

 

1 Introduction  

Metrology, the science of measurement is a fundamental issue for a wide range of 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. 

Metrology can be divided into 3 main categories: 

1. Scientific metrology - represents the primary degree covering the field of science, 

research and also development. It deals with the development and storing of standards. 

This category of metrology also deals with the determination of basic physical constants 

that defines the basis of SI units. 

2. Industrial (practical metrology) ï ensures correct and efficient functionality of 

measuring devices that are used in industrial production and quality control. Industrial 

(practical) metrology also covers measurement devices we come into contact on a daily 

basis. 
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3. Legal metrology ï the primary activity of this category of metrology is the supervision 

and regulation of measuring devices and measuring systems. Its goal is to ensure reliable 

measuring results that have an impact on transparency of economic relations, health and 

safety. 

[6; 7] 

In the healthcare industry, accurate and reliable measurements are very important, because they 

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 measurements are accurate and 

reliable. Modern medicine relies on technology, from basic instruments like thermometers and 

blood pressure monitors to sophisticated devices like MRIs and CT scanners. Inaccurate 

measurements can lead to misdiagnosis, improper treatments and severe health risks. To 

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 metrology are physical quantity and measurement units. We use them to quantify 

measurements and express physical quantities such as length, time and temperature. The 

International System of Units (SI) is based on seven base units ï kilogram, meter, ampere, 

kelvin, mole and candela. From the year 2019 all SI units are defined by physical constants. For 

example, the kilogram is defined by the Planck constant and kelvin by the Boltzmann constant. 

The SI system consists of defining constants, base units, derivated units and multipliers used as 

a prefix. It provides a unified communication language used worldwide in all kinds of 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 

verifications which are linked to international standards, national standards and their associated 

laboratories. Metrological traceability consists of seven essential elements: the realization of SI 

units, documented calibration programs, documented measurement uncertainty, an unbroken 

chain of comparisons, documented measurement procedures, accredited technical competence 

and measurement assurance. 

[5] 
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A) Primary standard 
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C) Clinically evaluated measurement device 
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Figure 10 Metrologic traceability 
 

Figure 11 Medical metrology traceability [7]  

Metrological traceability in medicine is divided into 3 main categories: 

Category ñAò 

This category is the same as the metrological traceability in ñnormalò metrology. The sequence 

goes from the basic SI units, through international, national and industrial standards to 

measurement devices. Typical examples for this category are thermometers, ergometers, and 

materialized length measures. This does not require any specific methods or procedures for its 

security. 

Measurement device 

Industrial standards 

Accredited laboratory standards 

National standards 

International standards 

System of SI units 
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Category ñBò 

Primary standard is in the form of a database of physiological signals. Metrological traceability 

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. 

Category ñ Cò 

Represents the integration of the physical-metrological basis and the clinically evaluated 

measurement device. This process leads to the creation of a set of measured data that are 

compared to standards and serve as reference values. A typical example of this category is non- 

contact eye tonometers. 

[4;7] 

 

Legislation for  medical metrology 

Legislation in this field is divided into International regulations and national regulations. 

For the Slovak republic MDR ï Medical Device Regulation is significant. It is a set of European 

Union regulations that governs the production, distribution and use of medical devices within 

the EU and was adopted in 2017 . MDR replaces 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: 

¶ Uniform legislation. 

¶ Modification of the definition of basic terms 

¶ Cooperation of regulatory authorities 

¶ Tightening of post market requirements 

¶ Expansion of the EUDAMED database. 

 

The field of medical metrology in the Slovak republic is covered by laws and decrees of 

government or UNMS (Slovak office of standards, metrology and testing). In the decree of the 

Slovak office of standards, metrology and testing number 161/2019 about Measurement devices 

and measurement control there is an attachment with a list of specified measurements. It is a 

measurement device used in measures related to payments, health or the environment. Each of 

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 

Metrology represents a fundamental pillar in ensuring the precision, accuracy, and reliability of 

measurements, which are critical across various scientific, industrial and medical domains. The 

paper has outlined the basic principles of metrology, emphasizing its categorization into legal, 
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practical and scientific metrology. The focus is on metrological traceability, both in general and 

medical areas. It highlights its essential role in guaranteeing consistency and reliability, 

especially in healthcare contexts. It includes an exploration of national and European legislative 

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 Starinský 

 

 

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 

achieve lower measurement uncertainties. Traditionally, these calibration certificates are issued 

in physical (often paper-based) formats, which can be challenging to manage, interpret, and 

integrate into modern workflows. 

Classical calibration certificates often involve manual data entry and analysis processes, which 

increase the potential for human errors, inefficiencies, and extended processing times. 

Moreover, their archiving and retrieval can pose logistical challenges, particularly in 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 

these challenges into opportunities through the implementation of digital calibration certificates 

(DCCs). Unlike traditional certificates, DCCs are machine-readable, facilitating seamless 

integration with digital systems and advanced analytical tools. They enhance the traceability, 

accessibility, and efficiency of calibration certificates while reducing environmental practices. 

Additionally, digital calibration certificates support automated data processing, contributing to 

the advancement of Industry 4.0 principles and the broader digital transformation in metrology. 

By leveraging digital solutions, this research aims to demonstrate how digitalization can 

streamline metrological processes, and foster innovation across industries that rely on reliable 

measurements. 

 

Keywords: calibration certificate, DCC, digitalization, Industry 4.0, metrology 

 

1 Introduction  

Metrology, the science of measurement, is essential for ensuring reliability in various 

sectors.One of the most crucial aspects of metrology is the calibration of measuring instruments 

and systems, a process that utilizes measurement standards to determine corrections for 

measurement instruments and ensure reliable results. The calibration process traditionally 

results in a physical calibration certificate, which outlines the calibration results, hence allowing 

the user to carry out necessary adjustments to measurement processes to lower uncertainties. 
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However, these physical certificates often come with inherent challenges: they are present in a 

paper format while the digital world often requires their data to be transformed into digital form, 

interpreted, and integrated into modern workflows, especially when large-scale 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 

efficiency and capabilities. A generally known 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 real-time data, navigation, and analysis. The same 

approach can be applied to metrology, too. 

In the context of metrology, the shift from paper-based calibration certificates to digital 

calibration certificates (DCCs) exemplifies the digitalization of calibration services. DCCs are 

machine-readable, 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 

principles of Industry 4.0, where interconnected, automated systems enhance decision-making 

processes and overall system performance. 

This paper examines how digitalization, particularly through the adoption of digital calibration 

certificates (DCCs), addresses longstanding challenges in metrology, such as manual data entry, 

resulting in human-generated errors, inefficiencies, and difficulties in archiving and retrieving 

calibration certificates. By leveraging digital solutions, this work aims to demonstrate how 

digitalization can optimize calibration processes and promote innovation across industries that 

rely on reliable measurements. 

2 Current  State of 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 

calibration results. In addition, excessive paper documentation not only burdens administrative 

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 

compromised, as the data entries need to be done manually, leading to the possibility of errors. 

[1] 
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Figure 12 A simplified example of a conventional calibration process [1] 

 

 

2.2 Initial  steps of digitalization 

 

The use of paper certificates presents several problems and limitations. As a result, efforts have 

shifted towards digitalization, which aims to not only eliminate reliance on paper, but also 

streamline workflows and improve their usability. The process began with simple digitization, 

where traditional paper certificates were scanned and converted into PDF format. However, this 

approach did not address all the challenges associated with certificates. 
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3 Digitalization in Metrology 

Digitalization in metrology is constantly evolving and addressing topics such as [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, there is the setting up a ñmetrology cloudò in the form of a digital quality 

infrastructure for the harmonization and development of conformity assessment and market 

surveillance. 

Metrology in the analysis of large quantities of data 

 

The objective consists of developing metrological analytical methods for large quantities of 

data and in assessing machine learning methods for big data with an emphasis on existing and 

increasingly relevant metrological applications for industry in which large quantities of data 

have to be processed and where high-dimensional information has to be derived (e.g. in imaging 

procedures and in photonics). 

Metrology of the communication systems for digitalization 

 

This focus concerns the securing and metrological validation of reliable, secured and efficient 

communication in complex scenarios. It encompasses the traceability of complex high 

frequency measurands for 5G networks, nonlinear and statistical measurands at high frequency, 

derived measurands in digital communication systems, and complex antenna systems. 

Metrology for simulations and virtual measuring instruments 

 

By developing analytical methods and license procedures for interconnected and virtualized 

measuring systems, the simulation can be of complex measuring systems (such as optical form- 

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. 

DCCs are subject to the requirements of the quality management standard EN ISO 17 025:2017. 

According to [3], these include: 

a. Requirement 1: a DCC must be machine-readable. 

b. Requirement 2: a DCC must be traceable directly or indirectly to the national standards. 



Conference proceedings: 

Perspectives of Foreign Language Teaching for Professional Communication 

in Tertiary Education. 

162 

 

 

 

c. Requirement 3: a DCC must constitute proof of metrological traceability. 

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. 

Use-cases and stakeholders 

 

There could be many new use-cases for the usage of DCC, especially in the new emerging 

technologies and applications. Meanwhile, the most common use cases that are currently being 

practiced are shown in Fig.2. This introduces the currently commonly used use-cases and shows 

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. Use case 1: Calibrate & Issue Certificate 

After production, the manufacturer calibrates and delivers the device with manuals that 

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 

scheduled if  it encounters some harsh conditions (environmental or operational) or when 

it breaks down such that some major repairs or maintenance are required. 

b. Use case 2: Use Certificate 

When the device enters into operation, operators should have read access to the 

calibration certificate in two situations. First, they need to be able to apply any necessary 

corrective values; second, they need to perform device inventory management activities 

that are dependent on calibration schedules and calibration status. 

c. Use case 3: Verify Certificate: 

Another important use-case is when quality assessors or accreditation auditors ask for 

information about a device and its calibration status. A less frequent use-case occurs 

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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Figure 13 A use case Diagram for Calibration Certificates [4] 

 

3.2 The benefits and challenges of DCC 

 

DCC changes the status quo of paper by introducing machine- readable digital certificates. This 

means the DCC can be easily accessed in a repeatable and non-error prone way and information 

can be transferred automatically in digital format. [5] 

The benefits include [5]: 

 

a. Easier data analysis and the creation of 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 

found in manufacturing plants, called digital twins. A digital twin is an exact digital replica 

of a process, which can be tested and analyzed to find efficiency and safety improvements. 

The process can be altered in a safe digital environment, only rolling out changes in the real 
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world once they have been proven worthwhile in the digital test ï which will be key to 

building the factories of the future. 

b. Support for digital transformation 

As discussed earlier, many players in the process industry have already started transforming 

their internal operations into being digital, for example by using a completely digitized 

calibration solution with a central management system. A DCC would allow contractors and 

independent laboratories to be easily connected to this system, and all certificates would be 

in digital format ï enabling analysis, digital traceability, and smarter decisions. 

c. Standardized data creation 

A DCC requires a consistent approach to data entry to make it work. Now in the process 

industry, different players may use different terminology. Having a DCC would harmonize 

terminology and data in a certificate, making comparisons easier. 

d. Efficient and easy management of calibration references and instrument devices 

Currently, most references and instrument data are in isolated systems and exchanged using 

manual paper-based 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 

becomes unsustainable when scaled up to the kinds of numbers used by major players in the 

process industry, who have thousands of devices. When everything is digital, searching for 

data about a specific process or even instrument becomes easy and quick. 

e. Enable preventive maintenance 

Digitalization enables true preventive maintenance. Instead of checking instruments at fixed 

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 risk-based data approach to 

maintenance and calibration. 

f. Increased traceability for 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 

paper-based and resource-intensive processes. 

g. Cyber security 

It is important to note that security is a key issue for a DCC, which means there needs to be 

a robust method to prove the authenticity of data and ensure its integrity. As digital data can 

be easily copied and transferred, this necessitates the use of cryptographic protection. 

Security is not the core business of many of the players in the process industry or of 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 

several papers for each calibration, or end users, who will  be able to apply the calibration results 

directly into practice more easily. It is precisely this easier application in practice that requires 

machine readability from the DCC and several other aspects that make it different from a classic 

certificate. 

When considering digitalization, DCC immediately comes to mind, but digitalization is more 

than this. There are several areas that need to be addressed. For example, areas where measuring 

instruments produce a large volume of data that is processed in a classic way. 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. 

Acknowledgement 

This paper was supported by the Cultural and Educational Grants Agency (KEGA), grant 

number 025STU-4/2024. 

References 

[1] Mustapää, T., Koskinen, S., Sundfors, (2024), Enabling the use of digital calibration 

certificates in industrial calibration management systems, Journal of Sensors and Sensor 

Systems, 13(1), 71ï79. https://jsss.copernicus.org/articles/13/71/2024/ 

[2] Eichstädt, S., (2017), Metrologie für die Digitalisierung von Wirtschaft und Gesellschaf, 

PTB mitteilungen, 4, 42ï47. https://oar.ptb.de/files/download/310.20170499.pdf 

 

[3] Boschung, G., Wollensack, M., Zeier, M. (2021), PDF/A-3 solution for digital calibration 

certificates, Measurement: Sensors, 18, https://doi.org/10.1016/j.measen.2021.100282 

[4] Mohammed S. Gadelrab, Reham A. Abouhogail, (2021). Towards a new generation of 

digital calibration certificate: Analysis and survey, Measurement, 181, 

https://doi.org/10.1016/j.measurement.2021.109611 

[5] Laurila, H. (2023), Digital Calibration Certificate (DCC) ï What is it and why should you 

care?, Beamex Blog, Retrieved January 14, 2025, from https://blog.beamex.com/digital- 

calibration-certificate-dcc-what-is-it-and-why-should-you-care 

 

Authors 

Gregor Starinský, PhD. Student, Institute of Automation, Informatization and Measurement, 

Slovak University of Technology, gregor.starinsky@stuba.sk 

https://jsss.copernicus.org/articles/13/71/2024/
https://oar.ptb.de/files/download/310.20170499.pdf
https://doi.org/10.1016/j.measen.2021.100282
https://doi.org/10.1016/j.measurement.2021.109611
https://blog.beamex.com/digital-calibration-certificate-dcc-what-is-it-and-why-should-you-care
https://blog.beamex.com/digital-calibration-certificate-dcc-what-is-it-and-why-should-you-care
mailto:gregor.starinsky@stuba.sk


Conference proceedings: 

Perspectives of Foreign Language Teaching for Professional Communication 

in Tertiary Education. 

166 

 

 

 

Základy PEM palivových ļl§nkov 

Fundamentals of PEM fuel cells 

 
Rastislav Putala 

 

 
Abstrakt  

Ļl§nok sa zaober§ z§kladmi PEM (Proton Exchange Membrane) palivovĨch ļl§nkov, priļom 

poskytuje detailnĨ prehŎad ich fungovania a kŎ¼ļovĨch elektrochemickĨch reakci², ktor® 

umoģŔuj¼ premenu chemickej energie na elektrick¼ energiu. Podrobne sa rozoberaj¼ hlavn® 

kateg·rie ovplyvŔuj¼ce ich prev§dzku, ako s¼ termodynamick® princ²py, elektrochemick® 

reakcie a ich vplyv na celkov¼ ¼ļinnosŠ syst®mu. Pr§ca tieģ zach§dza do modelovania PEM 

palivovĨch ļl§nkov, priļom popisuje vybran® modely implementované v prostredí MATLAB 

s vyuģit²m nástrojov Simscape Electrical Toolbox. Ļl§nok sa s¼streŅuje na prehŎad dostupných 

modelov a met·d simul§cie, priļom nekladie d¹raz na experiment§lnu valid§ciu alebo n§vrh 

novĨch rieġen². Poskytuje vġak ucelenĨ pohŎad na z§kladn® princ²py a n§stroje, ktor® moģno 

vyuģiŠ pri pr§ci s PEM palivovĨmi ļl§nkami. 

 

KŎ¼ļov® slov§: PEM palivovĨ ļl§nok, modelovanie, termodynamika, elektrochemick® 

reakcie, Matlab, Simscape Electrical Toolbox. 

 

Abstract 

The article focuses on the fundamentals of PEM (Proton Exchange Membrane) fuel cells, 

providing a detailed overview of their operation and key electrochemical 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  

The Proton Exchange Membrane Fuel Cell (PEM FC) is the most common choice for power 

generation due to its low-temperature operation, fast start-up and shutdown capabilities, 

compact design, and versatility in various applications. These attributes make PEM fuel cells 

particularly suitable for transportation systems, portable power devices, and residential energy 

solutions, offering a balance of efficiency, reliability, and adaptability compared to other types 

of fuel cells. For the further advancement of research 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. Among the most used models are those from the Simscape Electrical Toolbox in the 

MATLAB environment. This article provides an overview of how these models are utilized in 

existing research. As they are extensively employed in research and development, they offer a 

robust platform for both theoretical and practical studies of this technology. 
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Figure 1: PEM FC stack reactions [5] 

 

 

 

6 Fundamental principles of PEM fuel cells 

In a PEM fuel cell, hydrogen (H2) enters the cell through the anode flow path and undergoes 

an electrochemical reaction at the anode-membrane interface, as shown in the reaction [12]: 

H2  O2Ὄ+  +  2Ὡ (1) 

The electrons are drawn to conductive materials and travel to the load when required. 

Simultaneously, the oxidant O2 is reduced at the cathode-membrane catalyst interface in the 

reaction [12]: 

2Ὄ+  +  2Ὡ +  0,5ὕ2  OὌ2ὕ (2) 

Oxygen reacts with protons and electrons, forming water and releasing heat. Both the anode 

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 + 0,5ὕ2  OὌ2ὕ +  ὩὰὩὧὸὶὭὧ ὩὲὩὶὫώ + ὬὩὥὸ (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 - Simscape Electrical Toolbox models of PEM fuel cells 

Simscape Electrical Toolbox provides two simulation models, both of which fall into the 

category of semi-empirical 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 

characteristics of a 6 kW PEM fuel cell to changes in the oxygen concentration in the oxidizing 

agent. They concluded that the oxygen concentration could vary from 21% to 99.7% without 

entering the critical operating regime of the fuel cell. 

Popardovský 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 

emulator, which facilitates the testing and evaluation of fuel cells without significant laboratory 

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 

focused on an overview of available fuel cell modeling strategies. The behavior of the PEMFC 

stack was investigated considering its stability and efficiency under different conditions. 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. 

 

 
Figure 2: Equivalent electrical circuit of fuel cell stack model [7] 

 

The simulation model of the fuel cell is designed to simulate its behavior based on the 

polarization curve. The model accounts for changes in pressure, temperature, composition, and 

fuel and air flows, assuming ideal gases, a stable temperature maintained by a cooling system, 

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 

membrane temperature and humidity on internal resistance, as well as the flow of gases or 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: Used constants in Fuel Cell model 

 

Description Constant Value 

Boltzman constant k 1.381*10-23 [J*K]  

Planck constant h 6.626*10-34 [J*s] 

Faraday constant F 96487 [C/mol] 

Gas constant R 8.314 [J*K -1*mol-1] 

Standar atmospheric 

pressure 
Pstd 

101325 [Pa] 

Standard temperature Tstd 
273 [K]  

Number of transferred 

electrons 
z 2 [-] 

 

The simulation model is described by the following equations, where Block A in Figure 2 

calculates the rates of conversion (utilization ï Uf [%]) of hydrogen and oxygen, based on the 

volumetric flow rates (V [l/min]), composition (x, y, w [%]), pressure of both gases (P [bar]), 

temperature (T [K]),  number of cells (N [units]) and current (I [A]).  The 60000 constant comes 

from the conversion from the l/min flow rate used in the model to m3/s (1 l/min = 1/60000 

m3/s). 
 

ὟὪὌ2 

 
ὟὪὕ2 

=  
φππππᶻὙzὝzὔzὭ 

ᾀzὊzὖὪόὩὰzὖίὸὨzὠὪόὩὰ(ὰὴά) ὼz 

 

=  
φππππᶻὙzὝzὔzὭ 

ςᾀzzὊzὖὥὭὶzὖίὸὨzὠὥὭὶ(ὰὴά) ώz 

(4) 

 

(5) 

The calculation of reactant utilization is used to calculate the partial pressures of reactants 

and water vapor: 

ὖὌ2 =  (1  ὟὪὌ2)  z  ὼ z  ὖὪόὩὰ (6) 

ὖὕ2 =  (1  ὟὪὕ2)  z  ώ z  ὖὥὭὶ (7) 

ὖὌ2ὕ =  (ύ +  2 z  ώ z  ὟὪὕ2)  z  ὖὥὭὶ (8) 

The Nernst voltage (EN [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. 

Ὁ  =  1.229 + (Ὕ  298)  z
44.43 

+  
ὙzὝ ὴὌ2 Ѝzὴὕ2)  ὥὸ  100 °ὅ (9) 

ὔ ᾀz Ὂ 
 zὰὲ ( 

ᾀz Ὂ ὴὌ2ὕ 

Ὁ  =  1.229 +  (Ὕ  298)  z
44.43 

+  
ὙzὝ 

 zὰὲ(ὴ  zЍὴ )  ὥὸ <  100 °ὅ (10) 
ὔ ᾀz Ὂ 

 

ᾀz Ὂ Ὄ2 ὕ2 
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In Blocks B and C, the open-circuit voltage (EOC [V]),  the slope of the Tafel slope (A), and 

the exchange current (i0 [A]) are calculated, where KC is the voltage constant at nominal 

conditions of operation [-], Ŭ is the charge transfer coefficient [-], ȹG is the change in Gibbs 

free energy [J/mol] and Rohm is internal resistivity [ɋ]. These variables depend on the 

polarization curve and are essential for calculating individual voltage losses and subsequently 

the voltage of the PEM fuel cell. 

Ὁ =  Ὁὕὅ  Ὗὥὧὸ  ὟέὬά (11) 
 

Ὥ 
Ὁ =  Ὁὕὅ  ὔ  zA z  ὰὲ ( )  ὙέὬά  zὭ (12) 

Ὥ0 

 

Ὁ =  (ὑὅ  zὉὔ )  ὔ  z
ὙzὝ 

ᾀz‌zὊ 
 zὰὲ ( 

Ὥ 

ᾀzὊzὯzὖίὸὨz(ὖὌ2 +ὖὕ2) 

 
ῳὋ )  ὙέὬά  zὭ (13) 

Ὑz Ὤ 
Ὡz ὙzὝ 

 

The second available model is more complex, additionally including balance-of-plant (BoP) 

components such as air compressors, humidifiers, hydrogen recirculation paths, cooling 

systems, and water management, as shown in Figure 3. 
 

 
Figure 3: Block scheme of fuel cell model [3] 

 

Hamzah et al. [3] used this model for the design and analysis of an 80 kW PEM fuel cell 

system based on the defined requirements in the article. In the analysis, they used all three types 

of load cycles that the model allows as drive cycle, step, and ramp option. 

Hong et al. [4] utilized the model to obtain stochastic conditions and voltage outputs, with 

voltage chosen as the health indicator for the fuel cell. These data are then used as training data 

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 production-to-hydrogen consumption ratio, for electricity generation 

from green hydrogen. The fuel cells in article are intended to serve as off-grid sources 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 [-]. 
 

ὥὌ2 

 

ὥὕ2 

= yὌ2 

 

=  yὕ2 

 z
ὖὪόὩὰ 

ὖίὸὨ 
 

 z
ὖὥὭὶ 

ὖίὸὨ 

(11) 

 

(12) 

ὥὌ2ὕ =  yὌ2ὕ  zw (13) 

Nernst potential in this model is calculated using the following equation, where GH2O is the 

Gibbs free energy of water [kJ/mol]. 

 
 

Ὁ  =  
ὋὌ2ὕ +  

ὙzὝ 
ὥὌ2 z Ѝὥὕ2) (14) 

ὔ ςὊz 
 zὰὲ ( 

ς zὊ ὥὌ2ὕ 

In contrast to the previous model, concentration losses are also assumed in the calculation 

of the fuel cell voltage (Figure 4). In this equation, iL is the limiting current [A], Tmem is the 

membrane temperature [K], and ů is the electrical conductivity [(ɋ*cm)-1]. 
 

 
Figure 4: Generalized polarization curve for a PEM fuel cell [12] 
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Ὁ =  Ὁὔ  Ὗὥὧὸ  ὟέὬά  Ὗὧέὲ (15) 
 

Ὥ 

Ὁ =  Ὁὔ  ὃ  zln ( 
Ὥ0 

)  ὙέὬά  zὭὧὩὰὰ  
ὙzὝ 

ςὊz 
 zὰὲ (1  

ὭὧὩὰὰ 
 

Ὥὒ 
)  Ὢέὶ ὭὧὩὰὰ <  Ὥὒ (16) 

Ὁ =  Ὁὔ  
ὙzὝ 

ς‌zzὊ 

 
ὭὧὩὰὰ)   
Ὥ0 

ὝάὩά 
 

„ 

 

 zὭὧὩὰὰ  
ὙzὝ 

ςὊz 
 zὰὲ (1  

ὭὧὩὰὰ 
 

Ὥὒ 
) (17) 

The model also calculates the energy balance in the following way: 

ὖὩὰὩὧ =  ὔὧὩὰὰ  zὠὧὩὰὰ  zὭὧὩὰὰ  zὃὧὩὰὰ (18) 

This expression represents the electrical energy produced by the fuel cells. To calculate it, 

one needs the number of cells Ncell [units], the voltage Vcell [V], the current icell [A/cm²], and 

the cell area Acell [cm²]. 

ὖὨὭίίὭὴὥὸὩὨ =  ὖὲὩὸ  ὖὩὰὩὧ (19) 

 

Next expression represents the energy lost in the system. The difference between the total 

energy gain Pnet [kW] and the electrical energy Pelec [kW] gives the dissipated power Pdissipated 

[kW]. 

ὖὲὩὸ =  ὖὶὼὲ +  ὖὨὩὰὸὥ_ίὸὨ +  ὖὸὶὥὲί (20) 
 

The net energy gain in the fuel cell, denoted as Pnet [kW], consists of the energy generated 

by the reaction Prxn [kW], the energy gain from standard temperature adjustments Pdelta_std [kW], 

and the energy gain from water transport Ptrans [kW]. This is calculated using mass flow rates, 

where M is the molar mass of the reactants [g/mol]. 
 

άὌ2 

 

άὕ2 
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=  
ὭὧὩὰὰὔzὧὩὰὰὃzὧὩὰὰὓzὌ2 
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=  
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=  
ὭὧὩὰὰὔzὧὩὰὰὃzὧὩὰὰὓzὌ2O 

(21) 

 

(22) 

 
(23) 

Ὄ2ὕ 

 

8 Conclusion 

ςὊz 

In this work, we focused on an overview of the basic principles of PEM fuel cell operation, 

connecting these principles with available models from the Simscape Electrical Toolbox. 

However, a detailed description of the operation of these models requires further study to fully 

understand their specifics and potential applications in various fields. A deeper insight into the 

use of first described model for fuel cells, as a backup power supply for production processes, 

we provide in article ñFuel cells as backup power supply for production processesò published 

by Ondrejiļka et al. [6]. A detailed description of the operation of the first 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 

publications, which allowed us to gain a broader perspective on their application and potential 

 zln ( 



Conference proceedings: 

Perspectives of Foreign Language Teaching for Professional Communication 

in Tertiary Education. 

174 

 

 

 

directions for future research in the field of fuel cells and their simulation. We concluded that 

a more complex model with BoP components is primarily used in modeling high-performance 

PEM fuel cells, whose power typically ranges in the tens of kW. 
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The environmental impact of modern electric motors used in passenger 

cars, with a specific focus on CO2 emissions 

Norbert  K§ļer 

Abstract 

This publication analyzes the environmental impact of modern electric motors used in 

passenger cars, with a particular focus on CO2 emissions. The study concentrates on Permanent 

Magnet Synchronous Motors (PMSM) and Asynchronous Motors (ASM), which are commonly 

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 

impact per unit of torque. The study emphasizes the importance of using recycled materials and 

greener manufacturing processes to reduce the environmental impact of electric motors. 

Furthermore, it suggests that despite PMSMs being more efficient in some aspects, ASMs could 

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: electric motor, emissions, sustainability, magnets, CO2 
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1 Introduction  

 
This work analyzes the environmental impact of modern electric motors used in passenger cars, 

with a specific focus on CO2 emissions. 

The first two chapters are dedicated to technical descriptions of the electric drive to better 

understand its background. The two main electric motors used in electric cars are analyzed. The 

permanent magnet synchronous motor (PMSM) and the asynchronous motor (ASM) are the 

most widely used electric motors, therefore the analysis will  be concentrated only on these two 

motors. Of course, the market also provides separately-excited electric motors, but their 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 reduced by using green energy resources. 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 high-impact 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. 

The final part of this research summarizes the results, draws a conclusion and offers suggestions 

for further development. 

 

2 Description of the electric drive 

Each modern electric car requires an electric drive for its movement. When compared with 

internal combustion engines used in current automobiles it is a different drivetrain. In this 

chapter the main components of a modern electric drive, also called E-Axle, are described. 

 

2.1 Electric motor 

Its main purpose is to convert electric energy into mechanical energy. The mechanical 

energy is created by an electromagnetic field generated in a stator which generates force in 

the form of torque and is applied on a rotor. The main components of an electric motor are 

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 

electric motor and vice versa. The battery supplies the power electronics with direct current. 

An electric motor requires an alternating three-phase current, therefore power electronics 

are used to convert the current. In the case of recuperation (charging batteries by braking 

the vehicle with an electric motor also called generator mode) the whole process is reversed. 

The stator of an electric motor generates an alternating three-phase current which power 

electronics convert into a one-phase direct current and charges the battery. Power 

electronics consist of several electronic chips. 

 

2.3 Cables 

These transfer the current between the battery and the electric motor through power 

electronics. 

 

2.4 Reducer 

This reduces the rotational speed of an electric motor. The rotor of an electric motor can 

rotate 20 000 RPM. The advantage of such high RPM is higher power of the electric motor, 

the disadvantage is the excessive rotational speed on the wheels. Therefore, is necessary to 

reduce the rotational speed. It is comparable to the gearbox in the ICE car but in this case it 

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 

turning radius must spin much faster than the inner wheel, which is closer to the middle of 

the turning radius. 

 

2.6 Housing 

The housing is used to hold all the necessary components (electric motor, power electronics, 

reducer, differential and other parts) and to connect the electric drive with the chassis of the 

car. 

 

Figure 1: Electric drive 

Source: ZF Slovakia, a.s. 
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All  these components are part of the electric drive and are used in modern electric cars. 

 

3 Types of electric motors used in electric drives 

In the electric drives only AC motors (Alternating current motors) are used and more 

specifically three-phase AC motors. In this work only permanently excited synchronous 

motor and asynchronous motor with the cage runner are considered. 

 

3.1 Permanently excited synchronous motor (PMSM) 

The stator has a three phase winding which generates a rotating magnetic field made by the 

current flow. The rotor copies the magnetic field generated on a stator without any slip 

based on a permanently excited magnetic field (created by magnets). No slip means that the 

rotor revolutions are equal to the revolutions of the magnetic field on a stator therefore these 

motors are called synchronous. 

Stator components (see Fig. 2): 

- Stator carrier ï made from aluminum and used to fix the stator components to the 

electric drive and to provide cooling through cooling channels. 

- Lamination stacks ï highly electrically conductive steel, which helps to spread the 

magnetic field. It consists of 500 to 800 thin steel sheets (thickness 0,2 ï 0,35 mm), 

which are connected by welding, glue or with interlocks. 

- Insulation paper ï a safety measure to prevent short circuit between the winding and 

lamination stacks. 

- Hairpin ï it is a special winding from cooper. The cross section of the wire is rectangular 

instead of circular. The reason for using a rectangle is its better filling factor in the 

lamination stack space. 

- Circuitry assembly ï used to connect three phases from the power electronics to the 

hairpin winding. 

 

Figure 2: Stator components 

Source: ZF Slovakia, a.s. 

 

 

 

Rotor components (see Fig. 3): 
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- Rotor shaft ï made from steel, depending on applications it can be tubular or solid. Its 

main function is to transmit generated torque on the rotor through the gear to the reducer. 

It also creates precise positioning and guidance of the rotor through the bearings in the 

housing. In the tubular application an additional cooling function can be applied. 

- Lamination stacks ï like on a stator these are active parts of the rotor. The assembly on 

the rotor shaft is created by using a press-fit  between the lamination stacks and the shaft. 

To prevent radial turning between those parts, the lamination stacks have teeth, and the 

shaft has grooves. The lamination stacks are turned between each other 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. 

- Magnets ï 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 discs ï 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 balancing discs. The material of these discs cannot be magnetic, therefore 

austenitic steel is used. 

- Press ring ïits aim is to axially fix lamination stacks and balancing discs in place. 

- For the rotor position sensor - In PMSM it is crucial to know the exact rotor position to 

start the right magnetization and polarization of the stator, otherwise it can happen that 

the rotor will  not start rotating, therefore a position sensor must be mounted on the shaft. 

 

Figure 3: Rotor components 

Source: ZF Slovakia, a.s. 

 

3.2 Asynchronous motor (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 

rotation generated on the stator, which means it operates with a certain slip. Slip means that 
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the rotor revolutions are not equal to the revolutions of the magnetic field 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): 

- Shaft ï the same function as in PMSM (see chapter 3.1). 

- Lamination stacks ï the same function as in PMSM (see chapter 3.1). 

- Cage ï instead of magnets placed in the holes of lamination stacks, ASM machines use 

aluminum, which is around the whole lamination stacks, filling  the holes and creating a 

cage. This process of filling aluminum into lamination stacks is called injection 

molding. 

- Rotor speed sensor ï in 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. 

 

Figure 4: Rotor components for ASM 

Source: ZF Slovakia, a.s. 

 

3.3 Performance characteristic 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. 

 

3.3.1 Continual performance 

Continual power and torque mean that the electric motor can provide continual performance 

without any risk of overheating. Continual performance is marked by a dotted line (see 

Graph 1). 
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3.3.2 Peak performance 

Peak power and torque mean that the electric motor can provide maximal performance 

limited period of time to avoid any risk of overheating. Usually in the automotive industry 

is maximal performance limited between ten to thirty seconds. Peak performance is marked 

by a solid line (see Graph 1). 

 

Graph 1: Performance parameters of PMSM 

Source: ZF Slovakia, a.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 by key performance indicators which brings transparency into these deviations. 

 

 Permanent Magnet Synchronous Motor  Asynchronous Motor  

Peak Power [kW] 80 150 

Continuous Power [kW] 35 80 

Continuous Torque [Nm] 670 375 

Weight [kg] 24 62,5 

Table 1: Performance parameters of analyzed electric motors 

Source: ZF Slovakia, a.s. 

 

4 CO2 analysis of the selected electric motors 

The analysis considers various aspects. The objectives are to evaluate the status of CO2 in 

kilograms for selected electric motors, the percentual impact of individual components on 

the final CO2 value and establish key performance indicators for a more precise comparison 

of each electric motor in terms of environmental impact. 
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Permanent Magnet Synchronous Motor  Asynchronous Motor  

CO2 [kg] 108 119,75 

 

Tab. 2 represents the final value of CO2 in kg for the analyzed electric motors. The result 

was calculated based on several parameters including: 

- The weight of each component. 

- Kg of CO2 value for each material which the components consist of. 

The result shows a lower value kg of CO2 for permanent magnet synchronous motor. Based 

on experience these results don´t corresponds to known information, which is that the 

magnets have a significant impact on the sustainability and CO2 production. Therefore, the 

KPIs are required to exclude the difference in weight and performance. 

 

Table 2: Kg of CO2 for analyzed electric motors 

Source: ZF Slovakia, a.s. 

 

To have better overview of which components have the greatest impact on the final value it 

is necessary to analyze component by component. 

 

4.1 Percentual impact of individual  components on the final  CO2 value for  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. 

Analysis of the stator shows the largest CO2 contributor are hairpin windings with 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. 



Conference proceedings: 

Perspectives of Foreign Language Teaching for Professional Communication 

in Tertiary Education. 

184 

 

 

 

 

 
Part Name 

Assembly 

CO2 [%]  

PMSM per 

part  CO2 [%]  
CO2 [%]  Total CO2 [kg] 

 Input Shaft 7,70 4,92   

 Discs 2,79 1,79   

Rotor 
Press Ring 0,31 0,20 

63,91 
 

Rotor Position Sensor 0,07 0,04 

 Lamination Stack 4,04 2,58  
108 

 Magnets 85,09 54,38   

 Stator Carrier 22,29 8,04   

Stator 
Lamination Stack 13,13 4,74 

36,09 
 

Hairpins Assy 62,62 22,60 

 Circuitry Assy 1,96 0,71   

Table 3: Percentual impact of individual components on the final CO2 value for PMSM 

Source: ZF Slovakia, a.s. 

 

Figure 6: Percentual impact of individual components on the final CO2 value for PMSM 

Source: ZF Slovakia, a.s. 

 

4.2 Percentual impact of individual components on 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 rotor shows the largest CO2 contributor is the cage with 50,03 % impact if 

only rotor parts are considered and 14,92 % impact if the whole ASM is considered. 

Analysis of the stator shows the largest CO2 contributor are hairpin windings with 54,77 % 

impact if only stator parts are considered and 38,43 % impact if the whole ASM is 

considered. Additionally in the stator there is another significant CO2 contributor: the stator 

carrier, with 26,68 % impact if only stator parts are considered and 18,73 % impact if the 

whole ASM is considered. These parts together represent more than 72 % CO2 contribution 

for the entire ASM. 
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Part Name 
Assembly 

CO2 [%]  

ASM per part  

CO2 [%]  
CO2 [%]  

Total CO2 

[kg] 

 

Rotor 

Input Shaft 20,19 6,02  

29,83 

 

 

 

119,75 

Lamination Stack 29,78 8,88 

Cage 50,03 14,92 

 

 

Stator 

Stator Carrier 26,68 18,73 

 

70,17 
Lamination Stack 17,72 12,44 

Hairpins Assy 54,77 38,43 

Circuitry Assy 0,83 0,58 

Table 4: Percentual impact of individual components on the final CO2 value for ASM 

Source: ZF Slovakia, a.s. 

 

Figure 7: Percentual impact of individual components on the final CO2 value for ASM 

Source: ZF Slovakia, a.s. 

 

4.3 Key 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. 

 

4.3.1 CO2 kg/kg 

CO2 kg/kg represents how many kg of CO2 is in one kg of an electric motor (see Tab. 5). 

The value for PMSM is 4,5 CO2 kg/kg and for ASM is 1,92 CO2 kg/kg. The results shows 

that ASM emits 57 % of CO2 kg/kg, which is less in comparison to PMSM. 

 

4.3.2 CO2 kg/kW peak. 

CO2 kg/kW peak. represents how many kg of CO2 is in one kW of an electric motor during 

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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4.3.3 CO2 kg/kW cont. 

CO2 kg/kW cont. represents how many kg of CO2 is in one kW of an electric motor during 

continuous performance (see Tab. 5). The value for PMSM is 3,09 CO2 kg/kW cont. and 

for ASM it is 1,5 CO2 kg/kW cont.. The results shows that ASM emits 51 % of CO2 kg/kW 

cont., which is less in comparison to PMSM. 

 

4.3.4 CO2 kg/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 0,32 CO2 kg/Nm. The results shows that ASM emits 100 % of CO2 kg/Nm, which 

is more in comparison to PMSM. 

 
KPI  PMSM ASM delta PMSM vs ASM 

/ PSM [%]  

CO2 kg/kg 4,50 1,92 57 less 

CO2 kg/kW peak. 1,35 0,80 41 less 

CO2 kg/kW cont. 3,09 1,50 51 less 

CO2 kg/Nm 0,16 0,32 100 more 

Table 5: Key performance indicators to compare CO2 impact between PMSM and ASM 

Source: ZF Slovakia, a.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. 

The results for PMSM show that the largest CO2 contributors are magnets, with a 54,38 % 

impact and hairpin windings, with 22,6 % impact this means that these two parts alone have 

an almost 77 % impact on the final CO2. Magnets are using rear earth materials and mining 

there creates great environmental damage; the same challenge lies in hairpin winding 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. The stator carrier and the cage use aluminum material and mining these creates 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 

permanent magnet synchronous motors is in comparison to asynchronous motors. The only 

KPI which is in favor to PMSM is CO2 kg/Nm otherwise all other indicators show around 

40 % to 50 % lower CO2 impact on the environment. 

Generally, every newly developed electric motor will  have to be analyzed on its CO2 impact 

and by using 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. 

I would like to also mention that each supplier can have different CO2 values for their raw 

material based on many factors, additionally each electric motor can have a different 

material composition. These results can therefore be considered as example. To sum up, the 

largest contributors correspond with the global research in this field. 
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Challenges in Implementation, Planning and Operation of Flexible 

Manufacturing Systems 

Mazin Abdallah 

Abstract 

Faced with the global challenges of the market demands in terms of product uncertainty, 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 flexibility of the whole 

production system. Examples of these technologies include: the Internet of Things (IoT), 

Artificial Intelligence (AI), 3D Printing, Computer Clouding, advanced robotics and 

simulation. However, the implementation, operation and planning of FMS have encountered 

various challenges. Implementation and planning challenges can be categorised into design, 

planning, scheduling, communication and control challenges. This review analysis is based 

on previous literature reviews and studies to highlight the key FMS challenges, in 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 making and uncertainty, 

communication protocol and control. The findings of this review are implemented to 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 Manufacturing Systems (FMS); Exponential Technologies; Flexibility 

Challenges; Review Analysis; Interoperability. 

1. Introduction  

In the past, mass production was the predominant manufacturing technology to produce vast 

volumes of similar products, assuming that market demands were steady, foreseeable and 

less diverse (Beach, 2000). However, customised products are becoming a market trend 

nowadays, and this alteration has brought many challenges to manufacturing companies to 

overcome the issue of adaptability and uncertainty (Maarof, 2022). Therefore, FMS have been 

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 design (Batra, 2018). 

FMS can be described as an integrated, computer-controlled, complicated construction of 

automated material management utilities and computer numerically controlled (CNC) 

machines that can operate a small volume of a variety of part types at one instance. In other 
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words, a system that can manufacture a broad range of products by conjoining multiple 

programmable systems linked by an automated material management system (Mishra, 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 & RS) (Diop, 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 

capacity in terms of customised production, reduces the production life cycle, and optimises 

the whole process by forecasting and understanding the behaviour of the complex systems 

(Florescu, 2020). 

On the other hand, the recent transformative vision of industry 5.0 for Europe, which is defined 

by the European commission (European Union, 2022), targets a human-core approach which 

puts the workers again at the centre of the production system with alignment to support the 

EU green technological transformation. It introduces a supplementary notion to industry 4.0, 

concentrating on concepts such as sustainability and resilience. Sustainability in the sense of 

maintaining our current needs and ensuring sustainable wellbeing, alongside unintentional 

evolutions to the long-term economic, societal and ecological aid of upcoming generations. 

While resilience refers to building a more resilient industrial environment; overcoming and 

managing unpredicted future shocks that might affect production, demand, and supply, it also 

secures peopleôs lives and livelihoods (Pavel, 2024). 

This review analysis synthesises novel research on the implementation and planning 

challenges encountered by FMS, as well as focusing on outlining various exponential 

technologies in a manner that can enhance effectiveness and efficiency of FMS. Furthermore, 

findings from this study are implemented to 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. 

2. Methodology 

This literature review is accomplished by a systemised approach inspired by the studies of 

(Batra et al, 2018) and (Bongomin et al, 2020). Subsequently an extensive literature search 

in a scoping manner was performed through virtual libraries: Web of Science, ScienceDirect, 

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 

and planning challenges of FMS, and exponential technologies; the most relevant studies were 

then selected. 

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 

irrelevance to the context. Furthermore, review analysis as well as studies on 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 key concept of this study. Eventually, 57 documents remained following 

the filtration process, which were divided into groups according to each challenge scope and 

any exponential technology. 

3. Challenges In Implementation, Planning and Operation of Flexible Manufacturing 

Systems 

When a decision is made to execute FMS, many challenges are addressed in different aspects, 

as described below. 

3.1  Design problems 

As widely recognized, the number of machines, the capacity of material management 

systems, and the size and type of buffers, are the initial features which determine the design 

of an industry (Stecke, 2012). Based 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, 

the specifications of the products to be manufactured must be specified in the first place. This 

will then lead us to decide the functionality and capacity of machine tools required to 

accomplish this process (Batra, 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 a wide range of applications (Bartoġa, 2021). Industrial robot grippers, also known 

as ñend effectorsò, are one of the most important parts that can be attached to the end of a 

robotic actuator (Zhang, 2020). Development of flexible universal grippers plays a vital role 

in meeting the demanding requirements of flexibility, as this universal tool can provide the 

robot with more stable and accurate capabilities, allowing it to adapt to the uncertain nature of 

the customised products (Patil, 2020) (Wang, 2022). 

Knowing the types of flexibility is another factor that must be identified and defined in the 

design phase, which will determine the degree of flexibility of the automated machines and 

production range (Stockton, 1995). For 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 

the new part design to the existing part, the resemblance of workstations and tools, and level 

of manual labour performed in the production respectively (Pandey, 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 trade-off between 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 

resource is fully  accessible during the production process from the other resources, or when 
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equipment and workers are clustered into stations, restricted means material flow and 

sequential configuration of stations will  be imposed, or if  disabled, production is carried out 

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 (MHDs) such as conveyors, palletizers, robots, automated guided vehicles 

(AGVs), and warehouse material handling devices. How to choose the right means is the 

crucial part at this stage, however, Apple (1977) proposed utilizing the ñmaterial handling 

equationò to expatiate this point. The equation is outlined as: Material + Move = Method. 

For example, if a material of a large unit loaded on wooden pallets must move 50 meters 

with some manoeuvring, this might suggest using a forklift as suitable equipment for this 

process (Heragu, 2009). 

Another point which must be considered is the FMS layout. The layout of the FMS critically 

influences the overall performance by affecting three main features: productivity, system 

usage, and efficiency (C, S., 2013). The optimal selection of the layout determines some 

characteristics such as lead time, resource utilization, inventory and queue levels, and the 

number of workstations, which paves the way to successful FMS applications (Chang, 2015). 

On the other hand, poorly implemented layouts can produce inefficiency and worse 

productivity, therefore, significant attention must be given to FMS design (Dixit, 2019). For 

example, in relation to productivity, layouts such as loop or open field, have shown reduced 

travel time between workstations, resulting in enhanced productivity (Fadzly, 2017). Also, 

implementing a loop design with multiple batches is shown to improve performance and 

achieve the goal of higher production rates (Yadav, 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 scheduling (Ahmad, 2021). Alternatively, layout 

impacts cycle time by defining the process flow and material handling, and can also minimize 

bottlenecks and streamline processes, resulting in shorter cycle times (Yadav, 2019). 

The architecture of controlling units, or decentralization specifically, allows the controllers 

to execute decisions in real-time, which improves the ability to reduce uncertainty 

(Hernandez- Martinez, 2015). In addition, decentralization encourages better communication 

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). 

3.2  Planning problems 

Planning problems shape the decisions which must be made for the FMS before 

manufacturing begins. Once the FMS is set-up, production can start efficiently (Pandey, 

2016). 
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Furthermore, after defining the general specifications of manufactured products in the design 

phase, the FMS must use a scenario-based approach that can make immediate decisions to 

adapt to situations of uncertainty, which can disrupt the scheduling (Elyasi, 2023). For 

example, Vestel Electronics used a flexible/hybrid manufacturing system by proposing a 

column-based heuristic algorithm to handle sudden fluctuations in demand (Elyasi, 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 decision- making (Chu, 2023). For example, multi-objective algorithms are designed 

to reduce execution time and energy consumption, thus enhancing overall efficiency (Chu, 

2023). 

3.3  Scheduling problems 

System operation through optimal scheduling of flow parts throughout the FMS is the main 

concern. However, there are some issues that are faced at this stage which will  be addressed 

below: (Pandey, 2016) 

Scheduling or modularity of the operation system can affect production performance at 

different levels depending on the complexity of the product and process, including different 

aspects such as lead time, frequency of new product introductions, on-time introduction, and 

product innovation (Vickery, 2015). Consequently, dynamic scheduling can be employed to 

accommodate real-time changes in production conditions. A proposed framework has 

addressed this problem, which includes three components: a strategy selector, an interactive 

module, and an online simulator. With this framework properties such as context-dependent 

control rules, accurate calculations of job start and end times, and time-constrained solutions 

are ensured (Alvarez, 1996). 

3.4  Machine 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 certain performance criteria. Then, the allocation and utilization 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 constraints (Kumar, 2012). 

3.5  Communication 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 

synchronize data between different field equipment, is an essential aspect that must be taken 

into consideration, such as Profinet communication link, Modbus TCP protocol and OPC UA 
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(Ionescu, 2022). Or as the real-time communication between production resources through 

the implementation of the Asset Administration Shell (AAS), the bidding process, the 

Capability, Skill, and Service model (CSS model) and Open Platform Communication Unified 

Architecture Field eXchange (OPC UA FX) (Justmann, 2023, 2024). 

Interoperability: with the advancement of technologies the matter of integrating 

heterogeneous components and services is extremely challenging which leads to error during 

data-exchange, hindering operation efficiency (Zeid, 2019). Also, can lead to semantic 

misunderstandings and operational delays (Pereira, 2020). 

System Control: continuous monitoring of the system, and production plays a crucial role, to 

ensure that production requirements are met according to schedule, as well as to predict and 

mitigate any failures before they escalate. Therefore, the challenge is to track down failures 

such as insufficient adaptation, bottlenecks which can arise due to human errors or incorrect 

configurations (Batra, 2018). For example, a comprehensive information tracking system, 

which includes Petri nets, can be used to improve traceability and information management, 

leading to better identification of process inefficiencies (Zhang, 2024). In addition, 

complexity of the system control is another challenge which arises from the different 

production flow of FMS, coupled with the constant adaptation of assembly systems, and other 

dynamic conditions, poses an additional challenge. Therefore, an oriented communication 

and control system architecture can be introduced to deal with this problem and enhance the 

flexibility of FMS (Jung, 2018). 

4. Exponential Technologies 

4.1  Advanced Robotics 

In a wide range of applications industrial robots and manipulators have replaced human 

operators as they can perform specific tasks. According to the main application, possibilities 

can be divided into manipulation, technological, universal, and special robots 37(Bartoġa, 

2021). For example, the Human-robot 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 4.0 (Kheirabadi, 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 

avoid potential failures such as bottlenecks, lost capacity, or suboptimal layout (Ruiz Zúñiga, 

2020) (Böhm, 2018). For instance, Arena Simulation Software is used to analyse FMS layout 

between three FMS layouts namely In-line, loop ladder and robot centred cell layout, by 

evaluating criteria such as the placement of cells within a given boundary and the total 

expected travel time between cells. The spatial coordinates of each cell, its orientation either 

horizontally or vertically, and the location of the loading or unloading point are also 

determined (Fadzly, 2017). 
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4.3  Internet  of Things (IoT) 

Along with existing Machine-to-Machine (M2M) technology, the Internet of Things (IoT) 

has created a smart, invisible network fabric that can be sensed, controlled and programmed 

within industries and allows for horizontal and vertical connectivity either offline or online 

(Chase, 2014). ñThingsò can be electronic sensors, actuators, other digital devices, or any 

other objects, such as people and buildings (Dadios, 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 

capabilities, allowing manufacturers to respond more effectively to changes in demand (Luft, 

2023). Moreover, IoT is used in industry to detect bottleneck failure in manufacturing lines 

(Rodríguez Aguilar, 2024). 

4.4 3D Printing  

This is the technology that builds physical objects based on a 3D CAD file by sequentially 

adding metals, alloys, polymers, ceramics or concrete. The increasing use of this technology 

over traditional techniques is due to several advantages including the manufacture of 

complex geometric shapes with high precision, maximum material savings, design flexibility 

and personal customization (Kharat, 2023). 

The emergence of additive manufacturing and advanced materials has opened new avenues 

for flexibility  in production, especially in the field of flexible electronics (Espera, 2022) (Li, 

2022). Also, 3D printing has found its way into the pharmaceutical industry for example by 

enabling clinical trials and designing oral drug products by reducing time, waste and resources 

in clinical trials, and designing different patient-centric drugs (Kapoor, 2021). 

4.5  Smart Sensors 

This is a combination of sensing, processing and communication technologies, consisting of 

sensing elements plus computing capability, which is then linked via a wireless network. It 

can be used in a time-space context in various applications such as data collection, target 

tracking and monitoring, as well as to support and prevent rapid response during events and 

post-event recovery along with post-event analysis (Chaudhari, 2014). This can be seen in 

applications of piezoresistive sensors in robotics (Fiorillo, 2018). 

4.6  Virtual  and Augmented Reality 

Virtual reality and augmented reality are two complementary technologies in Industry 4.0. 

With virtual reality, users are transported via a headset into a virtual world, while augmented 

reality provides virtual vision with information overlaid on part of the userôs field of view. 

In most cases, the two technologies are combined in what is known as mixed reality, to produce 

massive  applications  by  transcending  distance,  time,  and  volume  and  increasing 
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understanding, teamwork, communication, and decision-making (Bongomin, 2020). 

 

Virtual and augmented reality can be adopted to educate and train the workforce for better 

interaction between humans and machines, as well as extracting key performance indicators 

(KPIs), for example to evaluate the workforce by experts. (Damiani, 2018) (Jetter, 2018). 

Also, augmented reality can be applied in product assembly and disassembly from a 

maintenance/repair perspective (Eswaran, 2022). 

 

 

4.7  Artificial  Intelligence (AI)  

AI is a knowledge-based, thinking program that is coded, designed and linked to machines to 

mimic the thinking ability of a human or animal. Artificial Intelligence (AI) has been 

integrated with FMS to adapt to the dynamic production requirements and has made it an ideal 

ally, providing advanced capabilities in data analysis, decision making and process 

optimization. This can be achieved by focusing on three main areas: planning and scheduling, 

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, AI-powered intelligent control systems 

enable real-time adjustments in response to change conditions, improving system flexibility 

and responsiveness (Karthik, 2023). 

5. Discussion 

This literature review presents different challenges in establishing FMS at all stages that arise 

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 

challenges and to optimize the design and operation of adaptable and flexible factories in the 

future. 

However, the transition from traditional manufacturing methods to flexible systems requires 

significant investment in new technologies, and thus integrating advanced technologies into 

existing systems is a major challenge in flexible manufacturing. For example, Yin et al, 2020 

discuss the increasing demands for functionality and reliability in flexible electronics 

manufacturing, emphasizing that the complexity of integrating new technologies can lead to 

significant operational challenges. The need for advanced manufacturing technologies, such 

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 study aims to provide the foundation for establishing FMSs with optimal capabilities and 

leverage exponential technologies to achieve this optimum position within the new vision of 
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industry 5.0. More emphasis will  be placed on the number of limitations including enhancing 

productivity using collaborative robots óCobotsô alongside human workers focusing on tasks 

that require critical thinking and creativity. This could result in improving job satisfaction 

and productivity by using AI to customize adaptive scheduling as well as enabling proactive 

measures and predictive analytics for achieving resilience, reducing downtime and waste 

impact through real-time monitoring of energy consumption and material usage with the 

deployment of IoT sensors to attain sustainability. This should facilitate interaction between 

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 real-time data, and striving for continuous improvement by 

using digital twins as simulations and virtual and augmented reality. The findings will be 

implemented on the Drive 4.0 project, developed by the Faculty of 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 

contributing to the implementation of FMS, but it provides some useful guidance that will  be 

useful for my future research. 
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Hydrogen ï Natural  Gas Blend: Challenges and opportunities in 

transporting clean energy through existing infrastructure 
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Abstract 

As the global energy sector pivots toward decarbonization, integrating hydrogen into existing 

natural gas transport systems presents a promising pathway for cleaner energy distribution. This 

paper examines the blending of hydrogen with natural gas, focusing on the technical feasibility, 

infrastructure challenges, and potential benefits. It highlights their complementary roles in 

achieving carbon reduction goals. This paper particularly explores the technical, economic, and 

environmental aspects of each of them separately and as a blend. By addressing both challenges 

and opportunities, the study provides valuable insights into the role of hydrogen-natural gas 

blends in advancing energy transition goals and shaping a sustainable future. The paper also 

evaluates the environmental benefits of hydrogen-natural 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 

understanding of hydrogen-natural gas blending as a viable step toward a cleaner energy future. 

 

Keywords: Hydrogen, Natural Gas, Blend, Transport 

 

1 Introduction  

In December 2019, the European Union (EU) introduced its Green Deal, to ensure zero 

emissions by 2050 and make Europe the first climate-neutral continent in the world. The first 

EU Climate Law was adopted in 2021. As required under the Climate Law, a target is 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 

renewable energy sources, because 75% of overall EU greenhouse gas emissions are produced 

by the energy sector. This was strengthened by the new plan from 2022, called REPowerEU. 

(Widuto, 2023). However, the future role of natural gas in the energy sector is still complex and 

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 dependent on weather conditions and location. This means that the decarbonizing of the 

grid with a large share of renewables comes with reliability challenges. One of these challenges 

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, 2023) Moreover, REPowerEU considers hydrogen to be a clean energy source for 
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the future, within its hydrogen strategy. According to documents, like ñA Hydrogen Strategy 

for a Climate-neutral Europeò and ñU.S. National Clean Hydrogen Strategy and Roadmapò, 

one of the main challenges will be the transport of clean hydrogen. The need for sufficient 

infrastructure is significant and the existing pan-European gas infrastructure could be 

repurposed to provide large-scale transport of clean hydrogen in combination with relatively 

limited newly built hydrogen dedicated infrastructure. Moreover, before natural gas is 

eliminated from the energy mix, we can use it as a hydrogen carrier, by blending hydrogen into 

natural gas. (European Commission, 2020) (U.S. Department of Energy, 2023) Natural gas is 

therefore a bridge to a zero-emission future. 

It is generally known that natural gas is not a renewable source of energy, but during 

burning this fuel produces less carbon dioxide, in comparison with oil or coal, and our proven 

reserves of natural gas are still large. Based on the data from 2020 (Ritchie, Rosado, & Roser, 

2020), the world has approximately 188.07 trillion m³ of natural gas. A significant part of this 

volume should be used more efficiently and environment-friendly, to provide easier and 

economically appropriate transitioning from fossil sources to renewable sources. From the 

above facts, it is clear that it will  be necessary to assess existing gas transport pipeline systems 

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 

experiments that have been conducted on this issue and at the same time point out the problems 

that should be faced in the future. 

 

2 Natural Gas consumption trends and its key role in EU energy 

sustainability and security 

Natural gas (NG) is a versatile and efficient energy source. The most generally accepted 

theory about its origin is that NG is formed when organic matter or organic residuals are 
 

Figure 14: Proved reserves of NG worldwide 

compressed at very high pressure for millions of years, thus it is considered a non-renewable 
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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 mentioned in the introduction, based on data from 2020 (Ritchie, Rosado, & Roser, 

2020), the world has large sources of the NG dispersed worldwide. Chyba! Nenaġiel sa ģiaden 

zdroj odkazov. presents reserves of NG depending on continents. Itôs obvious that Asian 

countries with their 58% stake in global reserves, will  use and provide their resources for many 

years. Therefore, the handling of NG with regard to the environment will be crucial. The other 

continents have significantly smaller reserves. Europe has only 22% of the world's resources. 

Because of this smaller stake in global reserves, Europe countries are dependent on the supply 

of NG from countries of other continents. In the introduction was also mentioned that the EUôs 

long-term goal is to get rid of its dependence on fossil fuels. According to the available data 

from 2023 (Energy Institute, 2024), the EU and Europe in general, at first sight, are succeeding 

in reducing NG consumption. Chyba! Nenaġiel sa ģiaden zdroj odkazov. presents the data 

mentioned above, which maps the NG consumption for last 57 years. There can be seen an 

increase in consumption until 2005 when consumption stabilized for three years. In the Natural 

Gas Market Review from 2009 released by the International Energy Agency (IEA), the reason 

for the drop in demand in 2009 was the financial crisis of 2008, which led to a significant 

reduction in industrial activity and overall energy consumption (International Energy Agency, 

2009). As (Honoré, 2011) points out, an indicator of gas demand climbed back to at least 2009 

levels in the year 2010 because of energy-intensive sectors, such as chemicals and steel, but 

lack of detailed data prevents us from being able to verify that statement. According to 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 

(International Energy Agency, 2012), economic environment, expansion of renewable sources 

 

Figure 15: Natural gas consumption of Europe and EU between 1965 and 2023 










































































































































