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Abstract 

This contribution describes the online teaching process of selected thermal analysis 

techniques, which are performed within the subject of “Methods in Research of Material 

Structure and Properties”. It deals with some aspects of both, attendance, face-to-face method 

of study, and distant online study during the pandemic situation in Slovakia. Although online 

learning has undoubtedly some advantages, it should be employed only when not impeding the 

development of practical, experimental skills in a particular branch. 
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INTRODUCTION 

The outbreak of coronavirus disease (COVID) that was transferred to the EU countries in 

2020 resulted in severe pandemic situation. In Slovakia, hotels, restaurants and cafeterias 

(HORECA) were probably the sectors most impacted by the government lockdown restrictions. 

The pandemic has also a very high impact on education, basically worldwide, at all levels and 

in all subjects of study [1-5]. The closing of educational institutions for the personal attendance 

of the students was very disruptive to their regular daily activities. The initial enthusiasm for 

distant e-learning via information communication technologies (ICT), without the need to travel 

to the place of study, vanished after some weeks. Suddenly, students were expected to have 

some skills and means for distant study, such as familiarity with ICT, accessibility to adequate 

ICT, accessibility to quality Internet connection from their home or alternative place of study. 

They also had to face various difficulties, for example difficulties due to managing family needs 

simultaneously with the studies workload [3]. 

Due to the poor ICT employment and the novel teaching approaches regarding ICT in 

educational institutions in Slovakia, the sudden switch to distant online teaching/learning was 
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quite demanding also for teachers. Before the pandemic, online learning methods were 

officially banned or forbidden, as there was no reason for them. The pandemic and the following 

precautions changed that very quickly. Therefore, the teacher’s time dedicated to teaching 

increased because they had to adjust all the content of the curriculum to the online study method 

[2]. As a consequence, teachers felt a greater degree of stress during the distant teaching [4]. 

Furthermore, the remote teaching of subjects that require practical, hands-on skills appeared as 

quite challenging. This contribution therefore describes some aspects of distant online 

education of the subject of experimental nature. 

 

METHODOLOGY OF THE SEMINAR 

The course of ‘Research Methods in Material Structure and Properties’ runs at the Faculty 

of Materials Science and Technology in Trnava, Slovak University of Technology in Bratislava. 

The course is dedicated to the Bachelor’s degree Materials Engineering and Quality of 

Production fields of study. The time allocation of the whole course is 2 + 2 hours (lecture + 

seminar) per week, and the course runs in the winter semester (26 hours per semester). To 

complete this course, students need to pass an exam that is awarded by 6 credits. In addition to 

that, there are two short tests during the semester, and students need to write two reports based 

on their results from the experimental part of the seminar. The number of students properly 

enrolled in a course varies from year to year; in full-time form, face-to-face method of study 

there are15 to 30 enrolled students per academic year. 

The subject comprises lectures and exercises. The practical part of the exercises takes place 

in the Laboratory of Structural Analysis and in the Laboratory of Thermal Analysis. The 

theoretical part of the exercises is accomplished in one of the classrooms at the Institute of 

Materials Science. During the course, students individually analyze structures of selected 

technical materials (steel, cast iron, copper and aluminum alloy) and conduct basic experiments 

in the field of thermal methods for analysis of solid materials. The aim of the subject is to 

introduce the basic experimental techniques for analysis of the structure and properties of 

metallic and nonmetallic materials to students. It is linked to the fundamental information 

obtained during general courses, such as Materials Science I and Materials Science II. Via 

practical case studies, students develop experimental skills during preparation and analysis of 

structural changes in a material. Simultaneously, students are informed about practical 

applications of experimental methods.  

This contribution is dedicated to the Thermal Analysis part (seminars) of the 

aforementioned course. These seminars are divided into six weeks, and each seminar takes two 

hours. The first one deals with calorimetry, i.e. determination of the specific heat capacity of 

the assign material. The second one introduces the simple thermal analysis (TA), i.e. heating 

and cooling curves of pure metals or alloys. The following seminars are dedicated to differential 

thermal analysis (DTA), differential scanning calorimetry (DSC), and thermodilatometry 

(DIL), respectively. The gained knowledge is summarized in the final seminar, where also the 

proof test is given to the students. The other thermal analysis techniques are explained during 

the DTA and DSC courses. These techniques include thermogravimetric analysis (TGA) and 

thermomagnetometry analysis (TMGA). The seminars are divided into the theoretical part and 

practical part. In the latter, students are required to evaluate the already measured thermal 

analysis data. In distant online learning, all courses run in the Google Classroom environment. 

In this case, each topic was explained in PowerPoint presentation, and experimental parts of 

calorimetry and TA measurements were provided as a *.mp4 video files. 
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ATTAINED RESULTS AND DISCUSSION 

This section introduces selected thermal analysis seminars with regard to the remote online 

study. Prospective issues that arise during the online form of teaching are discussed. Due to the 

capacity restrictions of this article, only two methods are described. It needs to be stated that a 

standard form of training is conducted in a classrooms with blackboard, where the teacher 

teaches the current topic. After an explanation of the topic as well as potential questions from 

the students, all, students together with the teacher move to the laboratory, where the practical 

part of the seminar is performed.  

Calorimetry. Determination of specific heat of the sample by simple calorimeter. 

In the first part of this class, the students are acquainted with the basic background related 

to the heat, heat transfer, and specific heat capacity of various materials. After that, the complete 

procedure of measurement is explained to them step by step. The specific heat of the sample 

cp(s) is determined indirectly, by calculation of measured values according to the formula (1): 

 

𝑐𝑝(𝑠) =
(𝐶𝐶𝑎𝑙+𝑐𝑝𝐻2𝑂.𝑚𝐻2𝑂).(𝑇−𝑇0)

𝑚𝑠.(𝑇1−𝑇)
  ,                                           (1) 

 

where:  

CCal is constant of the calorimeter (typically 70 J.°C-1), 

cpH2O is the specific heat of water, 

mH2O is the mass of water in the calorimeter, 

ms is the sample mass, 

T1 is the temperature of boiling water, 

T0 and T are the temperatures of water inside calorimeter before and after sample transfer, 

respectively. 

 

The procedure of the experiment is shown in Fig. 1. In conventional form of learning, 

students perform all the required measurements themselves. They measure the mass of their 

samples (Fig. 1, item A), then measure the mass and the temperature of the water in calorimeter 

(Fig. 1, item C). The sample is then placed in a pot with boiling water for a period of time in 

order to increase its temperature to T1 (approx. 100°C, Fig. 1, item B). The sample is afterwards 

replaced from the pot to the calorimeter. Students then observe the temperature increase from 

T0 → T on thermometer in calorimeter. 

When all the necessary values are measured, the next step is calculation of the sample’s cp 

according to the formula (1), and calculation of the uncertainty according to formulas in [6]. 
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Fig. 1 Procedure of the experiment for sample´s cp determination. A – sample, B – pot with boiling 

water and digital thermometer, C – calorimeter with water and thermometer 

 

 

In online learning, all the above-mentioned procedures were performed by teacher, and 

each step was recorded as *.mp4 video. The main disadvantage of this method is that the 

experiments were not performed personally by the students, and therefore they could not 

develop practical hands-on skills with standard laboratory equipment (lab scales, thermometers, 

and tweezers for samples). On the other hand, the recorded video files were saved in the Google 

Classroom platform, and thus students had the opportunity to download them any time and 

replay them multiple times. According to the work [7], the unreserved availability of digital 

multimedia files as study materials is one of the advantages of the whole online e-learning 

process. 

 

Thermal Analysis. Heating and cooling curves of metallic material 

 

The exercise starts with the background of phase transformations in solid state materials, 

explaining the heat of fusion and latent heat evolution during the phase transitions. The relation 

of the heating/cooling curves with phase diagrams production is also explained. The set-up of 

the experiment for heating and cooling curves measurement of sample material is schematically 

shown in Fig. 2.  
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Fig. 2 Set-up of the experiment for heating and cooling curves measurements. 1 – electric furnace,   

2 – heating element, 3 – power regulator, 4 – furnace thermocouple, 5 – crucible with sample, 

 6 – thermocouple (sample), 7 – digital acquisition device, 8 – laptop or PC 

 

During face-to-face form of study, each student is assigned a material sample (a low 

melting point metal or alloy based on Sn or Pb). The metal sample is sealed in an Al pan together 

with the K-type thermocouple. All samples are successively placed into a preheated furnace, 

and their temperature rise is observed on a computer screen. The cooling is performed outside 

the furnace. The time vs. temperature data are simultaneously recorded as a data file. The data 

files are provided to the students for processing. Their task is to plot a time-temperature graph 

of the recorded heating and cooling curves. In these graphs, they have to find melting 

temperature, solidification temperature, and determine the intensity of the undercooling ΔT if 

it has occurred. The examples of such graphs plotted and evaluated by students are shown in 

Figs. 3a and 3b.  

As in the previous case, during online learning, all the above-mentioned procedures were 

performed by teacher, and measurement of each sample was recorded as *.mp4 video. The 

recorded data files, as well as the written instructions, were sent to the students by e-mail. Video 

files were saved in the Google Classroom platform, and shared with students. Despite the 

provided instructions, some students had issues with data processing. Such issues arose for 

instance from incompatibility of the data format with their processing software, i.e. numerical 

values in the data file were in the US format which uses decimal point. However, Slovak version 

of their processing software was accepting only decimal comma in numerical values. Therefore, 

further online consultations on this and similar issues were usually necessary. The main issue, 

however, is the personal absence of the students in the laboratory. Online learning of 

experimental subjects should be considered only in a highly emergency solution, as the students 

have no possibility to gain practical skills, and there are also problems to maintain their attention 

[3] to the current topic for the whole class duration.   
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      (a) 

 
 

 

     (b) 

 
Fig. 3 Detail of heating (a) and cooling (b) curve of Sn sample processed by student 

 

 

Comparison of the students’ grades before, during and after the pandemic restrictions 

 

The graphical overview of the grades awarded in the final exam of the subject of ‘Research 

Methods in Material Structure and Properties’ is shown in Fig. 4. The data are from the first 

term of the students’ exam. Learning and examination took place in the fourth quarter in each 

year. Fig. 4 compares two years before the pandemic era (Q4 2018 and Q4 2019) with online 

learning during pandemic restrictions in Q4 2020 (red cylinders). There are also the data from 

post-pandemic, on-site education in Q4 2021. 
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As can be seen, the highest amount of the lowest grade (E) prevails during online learning 

in Q4 2020. However, there is a significant decrease in grade FX (the student does not pass the 

exam) during online as well as during post-pandemic on-site learning (Q4 2020 and Q4 2021, 

respectively). Also, the students’ grades improved to C and D, which prevailed in Q4 2021. 

This possibly can be explained by greater appreciation of the on-site learning by the students 

after the negative experience during the on-line lessons in the previous year. Thus, students 

were motivated to take the study more seriously, and this motivation also led to achieving better 

grades at final exams. 

 

 
 

Fig. 4 Exam grades of students in the subject ‘Methods in Research of Material Structure                                

and Properties’ 

 

CONCLUSION 

The distant online learning has undoubtedly some advantages. The students and teachers’ 

literacy in digital and ICT technologies has increased substantially. The amount and the 

availability of electronic study materials (presentations, multimedia files, etc.) increased 

dramatically. There was no need to daily commute to the place of the study, and thus students 

saved great amount of time, which they could spend with their friends, families, or doing many 

other activities. However, there were also serious deficiencies in the distant e-learning. No all 

the students had access to the high-speed internet connection which is optimal for e-learning. 

After a while, the e-learning process became annoying since they did need to spend a lot of time 

in front of the computer screen, and it was difficult to maintain attention the whole day. Some 

students complain about headaches, and others even feel some degree of frustration. 

Furthermore, the remote teaching of subjects of experimental nature (i.e. subjects that require 

practical, hands-on skills) appeared rather impossible. In such a case, a blended method of study 

combining the online as well as personal forms is necessary. 
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