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1. Introduction 
 

The education is the main developing link in the social chain of each country. Without education, 
there is no future. Without a good concept in education there is no progress and development. 
Without good management of education, again there is no progress and development, no future 
for any country. The development and the existing of each country depend of education, its 
quality, concept, human resources, and managing. As much it is conceived and set on a sound 
basis, and better it is implemented and managed, the country more and more develops in a right 
direction. The human resources that possess each country are also important for education. It is 
not important only the number of people who will work for and in education, but it is more 
important those people to possess a lot of knowledge, willingness, and courage for changes. Those 
kinds of people will move the education forward. And of course, without the technical equipment 
in the educational institutions it will be difficult to have development in the process of education. 
The development of the education depends of the country, does it rich or poor. But no rich 
country, without the previous components, can have a great education. All these components are 
important for education and they are intertwined one each other. 

However, education is not a static thing, it is not defined only once and such implemented and 
managed always in an identical manner. It is the process that has to be change and develop 
according to the contemporary challenges in the country. Because any country is not isolated from 
the other countries around, its education should follow and adapt to the education processes of 
the other countries, the countries in the region, as well as to adopt the global level in the world. 
Education is a process that was developing in normal surrounding, like the life before the pandemic 
of Covid-19 was. 

Mathematics as a science is very important part in the education process, starting from the 
elementary school till the high school and faculties. Its importance comes from its applications in 
all sciences, such as technical sciences, engineering, natural sciences, finance and social sciences. 
Usually mathematics is perceived as difficult subject for the students in schools and faculties. Most 
of the students learn mathematics only when they are obligated to study. The first chance when 
they can omit mathematics, they do that. This is acceptable for those who see mathematics as only 
subject or exam which have to be passed. But this problem is very sensitive for the society. 
Mathematics is a gate for many technological and scientific fields. Leaving mathematics is a 
beginning of appointment of barriers for the students. Without mathematics, they have limitations 
for studying of many important sciences, in that way they have limitations of their future jobs. 
Therefore, it is very important to make efforts to improve the quality of mathematics teaching. 
Students must be convinced that mathematics is necessary for their quality as future competitors 
in the labor market. Mathematics develops logical thinking, introduces us to forms in the world 
around us, enables us to handle with numbers, shapes and other physical structures, and the most 
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important, mathematics teaches us to think concisely, clearly and logically (L. K. Lazarova et al. 
2020).  

The need for STEM (science, technology, engineering, and mathematics) education is critical. The 
US Bureau of Labor Statistics forecasts there will be almost 11 million job openings in STEM-related 
fields by 2029. (https://www.bls.gov/emp/tables/stem-employment. htm). 

High attrition rates in STEM fields have been attributed to poor teaching practices. Since calculus is 
a foundational gate-way course for STEM majors, calculus education plays an import role in efforts 
to improve STEM graduation rates. 

A traditional calculus course and its teaching strategies such as the lecture method are basically 
skills-based which result in rote, manipulative learning. In this style of teaching and learning, there 
is too much drill and recitation and many students may retain little of both techniques and ideas in 
calculus in the long run. Thus, this results in instrumental understanding or unsupported 
procedural knowledge.   

The traditional calculus and its teaching strategies have also become a ‘litany of procedures and 
template problems which too often results only in giving students some rather routine practice in 
algebraic manipulations. In addition, students with weaker backgrounds are usually driven away in 
frustration over the manipulations required, even if they are able to understand the basic ideas of 
calculus’. 

Regardless of the fact that it has been more than 30 years since the introduction of technology into 
mathematics classes, debates relating to the role and effectiveness of technology in the teaching–
learning process are continuing without slowing down. Debates gained a new dimension, especially 
with the increase of computer software programs, graphing calculator interface, and learning 
objects (e.g., graphing, numerical algorithms, calculations, modelling) which were developed for 
certain instructional objectives; technology’s compatibility with a student, concept, and teacher 
objectives was also studied. According to Tall et al. (2008), of all the areas in undergraduate 
mathematics, calculus has received the most interest and investment in the use of technology with 
an increased number of innovative approaches. The fact that technology’s integration into calculus 
is prioritized by research and software developers can be explained in two ways: Since calculus is 
not just a part of mathematics, it is also a core curriculum in engineering, science, and some social 
science departments, it creates a bigger market for software developers; more than half of the 
students taking the course fail and students who have difficulty in traditional environments are the 
main factors that direct researchers to search for alternative and innovative teaching-learning 
approaches (Tokpah 2008). The pioneers of the “calculus reform movement” known as the Harvard 
Calculus Consortium defended the necessity of conceptual understanding against procedural 
understanding; for this reason, they suggested that instructional context should be enhanced with 
multiple representations and should be supported with technology (Hughes-Hallett 1991; Vlachos 
& Kehagias, 2000). However, despite all of the developed sophisticated instruments and 
alternative teaching approaches in calculus, the number of lecturers who integrated technology 
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into the learning process remained limited (Marshall et al. 2012). While instructional technology is 
greeted more warmly in the departments that use mathematics as a tool, in the mathematics 
departments there are still prejudices against the usage of such technologies. Even though some of 
the lecturers stated that they are optimistic about mathematical software, the general opinion 
leans towards the idea that the use of technology in mathematics teaching will weaken the basic 
skills required for advanced mathematics (Nabb, 2010). Another situation which is worth 
mentioning at this point is the students’ demands and attitudes towards technology. Although 
there is a large amount of research in literature which includes usage of technology in mathematics 
classrooms, especially calculus classrooms, the effectiveness of these studies is limited because the 
expectations and demands of students are not considered (Marshall et al. 2012; Samuels, 2010; 
Swidan & Yerushalmy, 2014). In other words, nowadays, while technology has been trying to find 
its place in learning environments, there is a shortage of research in literature that considers the 
needs of the students who are basic components of didactic environments. In this study, opinions 
of calculus students about technology integration into learning environments were discussed 
within the context of teaching environments and thinking type differences. For this purpose, 
answers were sought for the research question below: “How do the calculus students’ attitudes 
towards technology change regarding the following variables: teaching environments and thinking 
type differences?” Thus, the effect and role of technology in the process of attaining the goals and 
acquisitions of the course are brought forth. Besides, this study is important because it brings a 
new perspective on how the need for technology is shaped according to instructional differences. 

The second part presents survey on the state of education in general, before Covid 19. In the third 
part the analysis report on state of art of education in general during Covid 19. In particular, in 
both part the mathematics and calculus are analyzed. In the fourth part STEAM education is 
analyzed. In the fifth part the survey organized by two partners UNS and Metropolitan University, 
in June and July 2020, before the project has started was analyzed and presented. In the sixth part 
each four partners Universities are particularly analyzed. In the last part the references are 
presented. 

 

2. Survey on education before the Covid-19 pandemic 
 

2.1. Theoretical Framework 

 
Before the 19th centuries, the education was the privilege of the rich humans who were educated 
in their own homes. The teachers together with the textbooks come to their homes to educate 
them. But, in many countries it was realized that education is important for each individual and it 
is the development component of each society, therefore education was changed in a viewpoint 
of the way of its implementation, as well as the place of teaching. In 19th century, education was 
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organized and implemented mainly in the schools, using textbooks. 

In the 20th century, the principle of education in the schools was improving. The students at each 
level of the educational process were educated from identical books that were mandatory in 
every school in the same country. All educational process was implemented with identical books 
and textbooks without flexibility for the teachers. The home’s teaching was not practiced and the 
school was the main educational and societal place that was the foundation of the education and 
development of the young individuals. However, if some student had some task or he wanted to 
research or to read more information than the information in his textbook, the student should 
spend hours in the library and he should read a lot of books because the content of every book 
cannot always give the true information for what the reader search.  

 

 

Education in 19th century 

(Downloaded from   https://www.google.com/search?q=education+in+19th+century/images 
January, 2021) 
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The  library 

(Downloaded from 
https://commons.wikimedia.org/wiki/File:Bookshelves,_Hendrik_Conscience_Heritage_Library,_

Antwerp,_Belgium,_2016-07-26,_11.jpg  January, 2021) 

The concept of education has remained the same in the 21st century.  

 

Education in 20th and 21st century 

(Downloaded from http://becominga21stcenturyschool.weebly.com/blog/20th-century-vs-21st-
century-model-of-education January, 2021) 

At the end of the 20th-century step by step, computers were introduced as a helpful tool in the 



                                      
 
 

"The European Commission's support for the production of this publication does not constitute an endorsement of the 
contents, which reflect the views only of the authors, and the Commission cannot be held responsible for any use 
which may be made of the information contained therein." 

education process. This was a time when the era of digitalization in the education began. The 
development of computers was fast and they became more and more inseparable part of the 
education process. The appearance and the development of mobile phones and other mobile 
devices contributed for students to learn things outside of the school, but they were extremely 
useful in the classrooms, too. 

 

Mobile device for a learning out and in classroom 

(Downloaded from https://mybridgeedu.com/7-ways-to-bring-digital-learning-into-your-
classroom/ January, 2021) 

 

 

The library in 21st century 

(Downloaded from https://knowledgesociety.danube-region.eu/pa7-as-a-leader-of-the-mrs-task-
force-on-digital-education/ January, 2021) 

Very quickly these devices changed the way of learning. The students had no need to go and sit 
with hours in the library. Searching with a computer is more effective and faster than searching 
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through more books in the library. Furthermore, the number of the books that are available by 
computer is larger than the number of books which can be found in the library.  

The education was digitalized, changed, and adapted according to the needs of all its involved 
parties. But, the classrooms were still irreplaceable in the implementation and realization of the 
education process, regardless of the development of technique, technology, and the availability 
of all those technical resources. However, schools, as well as the world, generally, are moved 
towards digital education. That means using digital tools and technologies in the teaching and 
learning process, i.e. teaching and learning with help of technology. This learning technology has 
been called Technology Enhanced Learning or e-learning. Therefore, we can say that students 
have on disposal different tools, including digital ones, in the classroom during every class, such 
as computers. 

 

The students in classroom 

(Downloaded from https://www.mindforest.com/digital-literacy-for-everyone/ January, 2021) 

 

On the other side, the teachers also wear with themselves different digital tools when they enter 
the classrooms. 
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The teacher in 21st century 

(Downloaded from https://medium.com/@davidwilliams0644/top-5-digital-education-tools-for-
teachers-and-students-58f3f4f2182c January, 2021) 

  

2.2.  Teaching mathematics before the Covid-19 pandemic 

 
Teaching mathematics has been changed during the history, but traditional methods which are 
yet used have the same goals. In the traditional teaching of mathematics, the teachers paid much 
attention to the mechanical memorization of definitions, statements and formulas. Usually, the 
teachers who use traditional way of teaching mathematics strictly follow a book in which the 
authors have written content according some program. These teachers explain rules, procedures 
for solving certain type of problem and they expect their students to memorize all of that content 
in order to solve some similar problems in which they will only have different constants, variables 
and operations. In this way the students only learn how to do same type of calculations. The 
students can easily achieve these goals by solving similar numerical tasks, because they only use 
the taught procedures without need for thinking. Almost all the problem-solving tasks are 
thought in a way that the teacher demonstrates the process of solving a particular type of 
problem, and later the students in the process almost unchanged apply that procedure to similar 
cases. In the traditional way of teaching the teacher is in the center and students see the 
mathematical tasks as abstract not applicable facts. In this kind of model, it is more important, 
the student to give correct answer instead of basically understanding of the mathematical 
concept (see Stoll and Fink, 2000). In the classrooms where teacher used traditional model of 
teaching, the students usually work individually. The work in groups is not allowed by the teacher. 
Cooperation among the students is not practice on these traditional math classes. The traditional 



                                      
 
 

"The European Commission's support for the production of this publication does not constitute an endorsement of the 
contents, which reflect the views only of the authors, and the Commission cannot be held responsible for any use 
which may be made of the information contained therein." 

approach emphasizes the weak features of mathematics, which enables students to understand 
the world around them. This traditional way of teaching not put accent on communication and 
the application of mathematical knowledge (see Misurac at all, 2012).  

As we said above, math lectures in schools and faculties were mainly performed on green board 
with white chalk. The same tools were often used when the teachers evaluate the student’s 
progress in the process of the learning. Doing homework and making projects was present all the 
time in the process of learning, but it was not the main activity of the students, or the main 
measure of their knowledge. The teacher was close to the students. At each moment during the 
lesson, the teacher could observe the students and understand what they think. The teacher 
could see if students’ oral presentations or solving tasks on the board are understood or not by 
themselves. That way the teacher knows what he should repeat or what he should further 
explain. Checking the students' knowledge, except homework and projects, was done by solving 
tasks on a board or on a paper. During the testing, the teacher followed all the students' 
movements. The manipulations by the students, which were expressed by rewriting from a 
textbook, telephone, or from a test of another student, were minimized. At each moment, the 
teacher could react by taking away the test or annulling some tasks which were solved. The 
solving of tasks by students, in the classroom, was performed "face to face" with the teachers. In 
both situations, the teacher had full control of the students. Computers were only used as an 
auxiliary tool in education. This school system with the software support gave a guarantee for the 
quality learning of the students. But, the Covid-19 pandemic changed the full view of learning, 
students, and school. The Covid -19 pandemic was a new challenge for mathematics that cannot 
compare with the situation before. 

The computers and some software were not new things in the mathematics as an education 
subject. Usually, they were used for geometrical visualization, numerical calculations, and for 
different mathematical researches. Some mathematical disciplines could not have progress 
without using computer software. We will mention some of them. The program Fortran is one of 
the first programs, which was used by mathematicians, and today it is still in a function of 
mathematics and engineering. Later, mathematical software Mathematica and MatLab have 
appeared, mainly designed for the mathematicians, but they are used by the engineers, too. They 
still are very useful for different mathematics tasks, as well as for mathematical research and 
mathematical science. The appearance of the program AnyLogic as a tool in technical science, 
also found its own place in mathematics. Data processing today is almost impossible to be done 
without Excel or SPSS. As time is passing, all these computer programs are constantly upgraded 
and improved depending of the needs of mathematics, mathematicians and other beneficiaries. 
So, we can conclude that computer programs were an integral part of mathematical education 
and mathematical researches since they have appeared.  
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Mathematics and Computers 

(Downloaded from   https://leverageedu.com/blog/mathematics-and-computing/ January, 2021) 

 

The basic idea of the modern mathematical and educational community is that in the nowadays 
conditions of living, mathematics is used everywhere and that all people should successfully learn 
mathematics and be able to apply it in certain situations. The modern mathematics education has 
set up main goals in form of standards. Standards related to the knowledge that the student must 
adopt are call content standards (or mathematical concepts), and competencies that an individual 
must develop a process called standards or mathematical processes (see Misurac at all, 2012). 
These standards allow comparison of mathematical results on international level and create 
broader methodical mathematical community united in order to achieve better educational 
outcomes in mathematics. Unlike the traditional way of learning mathematics, in modern way of 
teaching mathematics the practicing of mathematical facts and procedures is not the most 
important, but it emphasizes the gradual building of knowledge networks of mathematical 
concepts and their relationships, and flexible application of different procedures, procedures for 
resolving problems (see M. K. DeShawn, 2007).  

Students are encouraged to work in teams, to communicate and to make cooperation and 
collaborations with others in the classrooms. They are put in the situations when they can 
opposite their opinions, to modify concepts in order to make some conclusions on their own. The 
modern trends require deeper understanding of mathematical knowledge.  

The modern curriculum based on standards sets mathematical thinking and reasoning, 
conceptual understanding and problem solving in realistic contexts as the primary goal of 
teaching mathematics (see F. M. Reimers, 2020). While in the traditional teaching of mathematics 
the students most of their time are solving a simple, standardized, numerical tasks, which are 
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practiced procedures and automate arithmetic operations, in contemporary teaching solve a 
smaller number of more complex problems which often have multiple possible solutions. Solving 
the problem situation is set to the center of mathematical teaching, and of all the students 
expected to learn and use mathematical reasoning, reasoning, proof, communication and 
representation of mathematical ideas. In modern mathematics, the new content is usually 
introduced to students by presenting some unknown problem in their life, rather than through 
abstract, numerical tasks. These contemporary methods of teaching mathematics make 
mathematics closer, more interesting and more attractive for the students. These modern trends 
in mathematics education are actually a base for new modern STEM education – an integrated 
education of science, technology, engineering and mathematics.  

Y. Li et al (2019) and J. Radisic, A. Baucal (2012) proposed two-fold reframing of the mathematics. 
The first shift is to reemphasize the nature of mathematics - indeed, all of STEM - as a sense-
making activity. The second shift is suggested by the first, with specific attention to classroom 
instruction. Whether mathematics or STEM, the focus of most instructions has been on the 
content and practices of the discipline, and what the teacher should do in order to make it 
accessible to students. This kind of teaching mathematics will be new but easier and more 
acceptable for the students, because they will see that they learn something that can be applied 
in problems from real-life situations.   

 

 

2.3.  Analysis of Calculus Curricula 
 

This section aims to give a global vision of research on learning and teaching Calculus, we use the 
main issues investigated in recent research as a filter in order to structure it. Much of this 
research deploys constructs from well-defined theoretical frameworks in the field of mathematics 
education; others act from a more empirical point of view. 

Research dealing with cognitive development is based essentially on the frames of Concept Image 
and Concept Definition (CID) of Vinner and Hershkowitz (1980) (see also Tall and Vinner 1981; 
EMS 2014), on the theory of Register Semiotic Representation (RSR) of Duval (1995), on the 
Action-ProcessObject-Schema (APOS) theory of Dubinsky (1991) and on the Three Worlds of 
Mathematics (TWM) of Tall (2004). Specifically, the CID framework highlights the distinction 
between the mathematical concept as formally defined and the individual’s total cognitive 
representation for that concept. In this spirit, the concept image is the total cognitive structure 
associated to the concept containing all the mental pictures and related properties and processes, 
including conceptions and structural elements. A part of a concept image, the concept definition, 
is associated to the individual’s definition(s) of the concept, learned by rote or self-constructed 
(Vinner 1991). The RSR theory of Duval (1995) focuses on the mental relationships that exist for 
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the individual between signifiers structured into semiotic registers and that which is signified 
(mathematical concept). In this theory, the constructs of treatment (leading to different 
representations of the concept in the same semiotic register), and conversion (different 
representations in different registers) are used to analyze the efficiency of tasks regarding 
mathematical concepts. The APOS theory is a model of learning mathematics with four stages 
based on Piaget’s theory of constructivism with a main focus on assimilation and accommodation. 
Using Piaget’s reflective abstraction (Dubinsky and McDonald 2001), this model describes the 
transitions between four stages from perceiving a mathematical concept through actions until 
regarding it as an object formed by encapsulation of the process. TWM is a theory involving three 
stages in the model of mathematical concept formation relating to three mathematical worlds: 
the conceptual-embodied, the proceptual-symbolic, and the formal-axiomatic. In the first world, 
which is applied to mathematical concepts perceived by the senses, we construct mental 
conceptions of the concept by using physical perceptions. In the proceptual world, the actions on 
the mental conceptions become encapsulated through the use of symbols. In this sense the term 
procept stresses the existence of a dialectic between process and concept as the same symbol 
can both evoke a process and the concept produced by this process. The transition to the formal 
world requires going ahead of the procepts to the formal definitions, through formal thinking or 
natural thinking (Tall 2008). Contrary to APOS theory, the TWM is more flexible since it does not 
emphasize a particular significance to the order of learning levels. 

This framework is used to formulate the growth of ideas in calculus including two significant 
discontinuities: the shift from finite processes in arithmetic and algebra to the potentially infinite 
limit concept and the shift from embodied thought experiments and symbolic calculations to 
quantified definitions and proofs. 
Research using theories with socio-cultural, institutional and discursive perspectives are generally 
based on commonly used approaches; these are the cases of the Theory of Didactic Situation 
(TDS) of Brousseau (1997), the Anthropological Theory of Didactics (ATD) of Chevallard (1985) and 
the Commognitive Framework (COF) of Sfard (2008). Some of the research related to the 
designing of tasks on learning and teaching Calculus use main tenets of TDS. The central object of 
TDS is the notion of Situation, which is defined as the ideal model of the system of relationships 
between students, a teacher, and a mathematical milieu. The learning process is highlighted 
through the interactions taking place within such a system. In the Situation, the students’ work is 
modelled at several levels with a main focus on the action, on the formulation via the building of 
an appropriate language and on the validation using a coherent body of knowledge (González-
Martín et al. 2014). The students’ work grows up within and against a mathematical milieu during 
the phases of action, formulation and validation by optimising the interactions with peers and the 
teacher. The TDS constructs are also used to analyse regular Calculus courses, in ways that the 
interactions taking place within the system formed by the teacher, the students and the milieu 
are governed by the actual didactic contract and evolve according to its nature. In the field of 
learning and teaching Calculus, the ATD constructs are generally used to compare several 
institutional contexts, as well as to describe the organisation of mathematical activities related to 
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a concept in one institution. To model mathematical activity, ATD uses the notion of praxeology, 
which is a complex, formed of two blocks: practical and theoretical. The practical block contains 
types of tasks and techniques for solving tasks. The technologies (namely the discourses which 
justify used techniques) and the theory that structure technologies are the components of the 
theoretical block. By modelling mathematical activities related to Calculus concepts in 
mathematical praxeologies, researchers describe what could be taught and what was taught 
(Winslow et al. 2014). Other research uses the COF to analyse the discourse of students and the 
discourse of teachers, as well as the mathematical communication between students and 
teacher. The basic assumption of COF is that “learning mathematics is initiation into the 
discourses of mathematics involving substantial discursive shifts for learners—and the teaching of 
mathematics involves the facilitating of these shifts” (Nardi et al. 2014, p. 184). Mathematical 
discourse can be specified according to: used words; visual mediators; endorsed narratives and 
routines such as defining, conjecturing, proving and so on. Processes, such as the production of 
proof, through which we become sure that a narrative can be endorsed, is called substantiation 
of a narrative. In the COF, mathematical communication involves continual transitions from 
signifiers (words or symbols that function as a noun) to realisation of the signifiers, which is a 
perceptually accessible entity so that every endorsed narrative about the signifier can be 
translated according to well-defined rules into an endorsed narrative about the realization. For 
instance, the signifier ‘function’ leads to several realisations such as an algebraic formula or a 
graph or a table of values. A realisation can be further realised, in which case the former 
realisation becomes a signifier for the later. In these senses, mathematical communication 
depends highly on the interlocutors’ understanding of signifiers and can lead to a commognitive 
conflict that is not always detected by interlocutors. According to COF, this conflict is implicitly 
resolved by a mutual adjusting of interlocutors’ discursive ways. 

The researchers have placed particular importance on undergraduate mathematics and especially 
the issue of technology integration in calculus compared to the other teach ing levels and 
disciplines (Marshall et al. 2012; Rasmussen et al. 2014; Tall et al. 2008). A macro-framework for 
understanding the place of technology in the teaching and learning of calculus has been prepared 
by Rotman (1995) to evaluate the students’ mathematical reasoning (cited in Meagher, 2011). 
According to this framework, subject, agent, and person are three core elements for integrating 
technology into the classroom environment. The effectiveness of the teaching-learning process is 
measured by the strength of the ties between these three components. In his technology 
integration model which was specially used in calculus, Meagher (2011) changed these three 
components to be calculus, CAS, and students. As shown in Fig. 1, in the designed technology-
supported learning environment, necessities and differences of individuals (person) should be 
taken into consideration. Some of those individuals are lecturers, and lecturers teaching 
paradigms also shape expectations of students. 

There are several studies in literature that explain the interaction between teacher and 
technology on the basis of the pedagogical content knowledge and course objectives (Cavin, 
2007; Kendal, 2002; Marshall et al. 2012; Tokpah, 2008). Kendal (2002) mentions that technology-
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supported teaching carried out by a lecturer who lacks technological content knowledge will not 
yield the expected results. Another reason why lecturers’ remain distant from the usage of 
technology is related to the objectives of the course and to the limited interactive activities of the 
software. Furthermore; epistemological beliefs between traditionalists and reformist 
mathematicians can also affect the use of technology at the undergraduate level (Tokpah, 2008). 
Hung (2001) discusses lecturers’ opinions on the basis of philosophical approaches to 
mathematical teaching while stating that traditionalist mathematicians are less likely to use 
technology; he also observed that lecturers who prefer technology are more likely to choose 
software that emphasizes the importance of drill-and-practice (cited in Tokpah, 2008). The 
calculus reform movement is one of the reformist approaches which points out that knowledge in 
calculus courses should be learned by students conceptually. But, some mathematicians think 
that technology-supported reformist-teaching ap proaches harm the nature of mathematics and 
simplify the mathematical content (Wilson, 1997). They claim that while some textbooks which 
were restructured according to the calculus reform movement emphasized the use of technology, 
mathematical realities are ignored (Chappell & Kilpatrick, 2003). However, Quesada et al. (2008) 
found that use of graphical teaching via the graphing calculator aids not only visual reasoning but 
also student understanding of the formal definition in calculus. The discussion about the calculus 
reform movement and thus the place of technology in calculus classes is ongoing. 

Most of the research studying mathematical textbooks and materials deploy the constructs 
of the Anthropological Theory of Didactics (ATD) of Chevallard (1985) framework to model 
the mathematical organization related to the underlying Calculus concept. Some of these 
studies combined several frameworks (ATD, TDS, TWM and RSR) for more insights. 

Among these studies, those that investigate the transition between secondary and tertiary 
education in Calculus assume that the mathematical cultures of secondary and tertiary 
institutions are the main foci of students’ difficulties. It is obvious that this basis axiom does 
not contradict the results of studies focusing on cognitive development. The study of 
Praslon (2000) concerning derivative in France is a pioneer work in that field. Based on the 
categorization of mathematical phraseologies’ in the environment of derivative in both 
secondary school and first-year university, this study showed that the secondary-tertiary 
transition in the derivative environment is not a simple transition between 
embodied/proceptual worlds and the formal world. This transition is a blend of changes in 
several dimensions related to instructional expectations in the two institutions: process 
object duality, particular-general objects, algorithmic-conceptual techniques, the choice of 
semiotic registers and the conversions between them, autonomy given to solve problems 
and routinization of practices, diversification of problems, etc. Building on this, Bloch and 
Ghedamsi (2005) focus on the crucial differences in the environment of the limit between 
the end of secondary school and the firstyear university in Tunisia. The critical analysis of 
textbooks and Calculus materials led to the categorization and the formalization of many 
important changes that should occur in the way students are required to work at the first-
year university. This study deploys TDS constructs of didactical variables (namely the 
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parameters that influence the mathematics students’ work) to characterize these changes. 
Some of these didactical variables highlighted the role of the formalism, the use of proof 
settings, the use of technical methods, the level of operation of the notion (process-object 
duality, ability to be mobilized or not…), and the use of conversions between semiotic 
settings. In the case of the limit, the values given to the didactical variables from one 
institution to another are mutually exclusive. The use of this model addresses the gap 
between second and third level mathematics and does suggest some hints for how to design 
tasks in the transition. The Spanish study of Bosch et al. (2004) related to the concept of 
limit corroborated these results. This study shows the existence of strong discontinuities in 
the organization of mathematical praxeologies between secondary school and university, and 
builds specific tools for qualifying and quantifying these. In the same spirit, by means of the 
ATD framework Winsløw (2008) studies the transition from concrete to abstract perspectives 
in Denmark regarding the concept of function and the operations on these functions 
associated with the limit process. He argued that in secondary schools the focus is on 
practical-theoretical blocks of concrete analysis, while at university level the focus is on more 
complex praxeologies of concrete analysis and on abstract analysis. Using the same lenses, 
Bergé (2008) explored the organisation of mathematical praxeologies related to the set of 
real numbers and its completeness at the university level in Argentina. This study 
demonstrated that the completeness rests on both Calculus and analysis courses at the 
university; the difference can be shaped by what is expected by way of proof (the Theoretical 
block in ATD terms). 

Another kind of ATD comparative study of the secondary-tertiary transition was undertaken 
by Dias et al. (2008) between Brazil and France on the topic of function concept. This study 
focused on the analysis of institutional relationships through the analysis of summative 
evaluations, used for the admission of secondary students at the university. By analyzing 
typical tasks in the two countries, they conclude that associated praxeologies were based on 
algebraic techniques and technology in Brazil while in France the associated praxeologies 
emphasized the use of analytic techniques and technology. Furthermore, the study also 
showed a higher level of students’ guidance through hints and intermediate questions in 
France than in Brazil. The concept of function has been studied by MartinezSierra (2008). 
He focused on the study of the articulation of the algebra and trigonometry concepts with the 
elemental Calculus concepts, as the function concept. 

One of his main results shows the conceptual breaks present in articulating concepts like the 
use of radian like angular measurement and the negative angles and angles larger than 360°. 

González-Martín (2009) and González-Martín et al. (2011) combined principally RSR and 
ATD frameworks to analyze textbooks regarding infinite summations at the university level 
in Québec and UK. By focusing on the role of visualization in mathematical materials, this 
study showed few graphical representations and few opportunities to work across different 
registers (algebraic, graphical, verbal), few applications or intra-mathematical references to 
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the concept’s significance and few conceptually driven tasks that go beyond practicing with 
the application of convergence tests and prepare students for the complex topics that 
employ the concept of series is implicated. 

The topic of differential equation has been investigated by Arslan (2005). He showed the 
dominance of an algebraic approach to teaching differential equations in the upper secondary 
school in France and the lack of numeric and qualitative study of ODEs. He formulated the 
hypothesis that the limitation to the algebraic frame only for the treatment of differential 
equations can be the origin of difficulties and habits which students face with qualitative 
interpretation tasks. Czocher et al. (2013) investigated topics in introductory differential 
equations in the US, and their relation with the knowledge that students are expected to 
retain from their Calculus courses. 

 

2.4. Calculus Teachers and Classroom Practices 

 
Studies investigating teachers’ practices in Calculus usually founded their analysis on the 
results of questionnaires and interviews. These questionnaires and interviews are built 
according to the complexity of the underlying Calculus concepts and potential student 
difficulties. The common aim is to examine the flexibility of mainstream teacher practices 
and how this could affect student learning of Calculus concepts. 

Based on both ATD and TWM frameworks, Smida and Ghedamsi (2006) studied the teaching 
practices of real analysis in the first year of mathematics courses in Tunisian universities. They 
distinguished two kinds of teaching projects: (1) the projects where axiomatic, structures and 
formalism are the discourse which justify and generate the expected knowledge; this project 
only follows a mathematical logic; (2) the projects where the variety of choices for proving, 
illustrating, applying or deepening the mathematical results highlights an intent to enroll in a 
constructivist setting; this project combines the logic of mathematics and cognitive demands. A 
complementary examination of the questionnaire applied to teacher (lecturers and associate 
professors) from 4 universities highlights 3 groups of teachers: (1) the teachers with a 
logico-theoretical profile, who do not consider cognitive demands; (2) the teachers with a 
logico-constructivist profile, who have some cognitive concern; (3) the almost one quarter of 
the teachers who consider cognitive demands. Furthermore, the great majority of the teachers 
do not consider the proof in Analysis as a means of convincing students of the validity of 
mathematical statements, they pointed out the efficiency of founding preliminary analysis 
courses on numerical methods of approximation in order to give appropriate meanings to 
Calculus concepts. Drawing on interviews with university teachers, González-Martín et al. 
(2011) explained how teachers’ practices with infinite sums in Québec and UK are related to 
textbooks expectations. By the means of ATD and RSR frameworks, the analysis pointed out the 
potentialities shared by teachers of illustrative examples and evocative visual representations in 
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teaching, as well as student engagement with systematic guesswork and writing explanatory 
accounts of their choices and applications of convergence tests. 

Recently, Viirman (2014) studied the teaching practices used by Swedish university 
mathematics teachers when defining the function concept. Using the COF constructs of 
construction and substantiation routines, the analysis of teacher discourse pointed out 
subtle differences between practices. According to the researcher, the variation in the 
construction routines among teachers is related to what he labels construction by stipulation, 
by exemplar and by contrast. These several types of construction depend on the way in 
which the teachers underline the mathematical need for the construction of the function. 

To investigate teachers’ beliefs or goals in Calculus, Eichler and Erens (2014) focused on four 
systems of beliefs conceived by means of four well known educational trends of teaching 
Calculus: process-oriented view, application-oriented view, formalist view and schema view. 
The empirical results show the necessity of distinguishing among central goals, subordinated 
goals and peripheral goals. According to this study, almost all Calculus teachers have the 
same peripheral goals related to schema view: Calculus is a set of rules and procedures to be 
memorized and applied in routine tasks. 

Trying to catch as many of the parameters as possible that impact on students’ learning, some 
studies focus on the investigation of classroom evolution when working with Calculus 
concepts. The theoretical tools that are employed are usually planned in accordance with more 
than one framework. 

To investigate classroom practice on sequence convergence at first-year university, Ghedamsi 
(2015) designed a methodological tool based on the TDS framework. To tackle the specificities 
of the transition from secondary school, the definition of the tool was supported by the work 
of Robert (2007) in the field of teachers’ practices. This study suggested a method to 
illustrate teacher management and its implication on the learning process, as well as a more 
local description of effective learning on the Calculus concept referred to. In the case of 
sequence convergence, the analysis highlighted the elements that enabled students’ work to 
shift to university requirement. 

In the terms of COF framework, the transition from school to university mathematics requires 
substantial discursive shifts. Building on this, Stadler (2011) used the concept of tangent as a 
filter to study student-teacher interactions in the transition between secondary and tertiary 
education in mathematics. This study focused on the differences between school mathematical 
discourse and scientific mathematical discourse to analyse student difficulties in building 
bridges between them. Handled on the same assumption, Güçler (2013) explored the 
discursive shifts experienced in the context of a beginning-level undergraduate Calculus 
classroom when working with the limit concept. This study strengthened the stages where the 
teacher implicitly shifts the discourse on limits. For instance, students remained insensitive to 
shifts relating to discourses on limit as a number and limit as a process. 
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It is acknowledged that the metaphorical register had a great influence in discussing different 
definitions. The examination of the metaphorical register in the context of the Calculus 
classroom has been initiated in some studies. Dawkins (2009) presented a categorization of 
these metaphor uses (logical metaphor and mathematical metaphor) in an undergraduate 
real analysis classroom. This study reported that these instructional metaphors lead 
sometimes to potentially inappropriate conceptions, which are unfortunately integrated into 
students’ images. 

Code et al. (2014) conducted a comparative study of Calculus classrooms. Their aim was to 
investigate the potentialities offered by the interactive engagement teaching model to help 
students master the conceptual and procedural aspects of the concepts of rate of change and 
linear approximation. The results revealed that students in the higher engagement classroom 
were more successful in connecting the procedures to new ideas. 

 

2.5. Active learning of Calculus 

Calculus is an important and necessary subject for science and engineering. Because of that 
calculus course is always included in the studies of technical and natural sciences. The content in 
Calculus is usually abstract, and difficult for understanding. Thus, most of the students feel boring 
at the classes. Students usually are forced to remember formulas and procedures only to pass the 
exam. They do not see any application of that concepts and formulas in the other subjects and in 
the real-life situations. Usually they ask the questions: Will I need this in practice? Why am I 
studying such abstract and meaningless things? (Schwalbach et al. 2000, Noralni 2009) Students 
at technical faculties, especially those students who have Calculus lectures with traditional 
teachers centered approaches are not active at the classes and they only try to remember the 
presented lessons, without making links with the practice. In that way the students are only 
passive learners. That way of teaching and studying is easier for the teachers and students at the 
same time, but it is not productive and motivational. Also, in that way the meaning of Calculus as 
an important and applicable subject is lost. Why the future engineers, programmers, economists 
should learn something like Calculus if they do not know how to use these concepts in 
appropriate situations? Because of that, many technical faculties make efforts to motivate their 
students to become active learners by making better, more active, and meaningful strategies in 
teaching mathematics, (Deborah et al. 2005). In order to improve the teaching and learning in 
calculus, a reformed curriculum was introduced at some institutions, which make use of multiple 
representations of calculus concepts and use of technology. This new curriculum moves from 
teacher centered teaching to student centered learning that allowed students actively involved in 
teaching and learning as much as possible. Research shows that student success rate was 
dramatically improved due to the change of course structure and content delivery (Naggelakis et 
al. 2007, Zhou 2002).  

The basic idea of active learning involves focusing on reinforcing higher order thinking skills and 
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instructional techniques, requiring learners to actively participate in their learning process, (Kim 
et al. 2013, Marton 2018). The main element of active learning is to actively engage students in 
deeper learning by fostering their ability to create new knowledge and apply the acquired 
knowledge and skills by demonstrating well-developed judgement and responsibility as learners 
(Ní Raghallaigh, 2013, Shroff et al. 2019).  

Moreover, active learning strategies motivate student learning, also encourage students to make 
initiative of their own learning as stakeholders in their own learning trajectory (Koohang, 
Paliszkiewicz 2013). Furthermore, active learning strategies are designed to shift traditional slide-
based lectures to facilitated, problem-solving and collaborative learning activities that actively 
engage learners and result in positive academic outcomes (for example, the development of life-
long learning skills and the retention of classroom-based experiences in the form of knowledge, 
skills, and abilities), (Lumpkin, Achen, 2015). One of the key goals of active learning is to enable 
students to use higher levels of cognitive functioning through cognitively deeper and richer 
learning experiences. Students are able to combine prior knowledge and engage with abstract 
concepts that require problem-solving, collaborative discourse, critical thinking and reasoning 
skills (Beapler, 2014, Savery, 2015).  

Hence, problem-based and project-based learning which adopted a student-centered and active 
learning approach can be used to improve students’ participation, interests, and performance in 
learning of calculus.    

 

2.6. The Use of Technology 

As mentioned by Tall et al. (2008), “of all the areas in mathematics, calculus has received the 
most interest and investment in the use of Technology” (p. 207). In this paper, the authors 
gave a wide range of research related to the role of technology in the teaching and learning of 
mathematics. The majority of the underlined research highlighted the power of technology 
to improve visualization skills— namely the skills of forming visual mental images that are in 
accordance with the desired outcomes, in the first steps of learning mathematics. Later, 
technology could be used as a programming language to improve mathematical procedures 
and algorithms. 

In the case of Calculus, a visual approach of the fundamental ideas of infinitesimals, 

approximations process, change, variation, accumulation, etc. via technology may help 
students to have insights about the formal existence of Calculus concepts (Tall 1986, 1990, 
2003, 2013). In the same spirit, Moreno-Armella (2014) claimed that standard analysis does 
not correctly interrelate the intuition of change and accumulation. He drew on Euler’s idea of 
continuous function as an infinitesimally enriched continuum to emphasis the role of 
visualization in learning and teaching integration via the use of a mediating artifact—digital 
media. Arguing that both digital and infinitesimals models are discrete models, he put forward 
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the cognitive relationship between zooming on a graph and taking infinitesimals. The study of 
Weigand (2014) goes beyond this work by clearly emphasizing the role of the link between 
digital technology and discrete mathematics in learning about derivatives. They proposed an 
alternative discrete step-by-step approach to the basic concepts of calculus by developing 
the concept of rate of change in a discrete learning environment: working with discrete 
sequences and functions defined on Z and discrete domains of Q. However, the authors 
carefully underlined the necessity of a conceptual change from the discrete thinking to 
continuous thinking. For the authors, this alternative should be considered as a transitional 
situation lying between intuition and formalism. 

The Instrumental Genesis Theory (IGT) of Rabardel (1995) strengthened the complexity of 
the process of transformation of the software used into a mathematical instrument. Using IGT, 
Henriques (2006) investigated the usefulness of Maple to overcome students’ difficulties when 
calculating areas and volumes by multiple integrals. This study underlines the necessity to 
deeply investigate the relationship between mathematical knowledge and knowledge about 
the used software. 

Building on the theory of objectification, Swidan and Yerushalmy (2014) explored the ways in 
which students actively engage in objectifying the concept of indefinite integrals graphically 
by using dynamic artifacts. In accordance with the objectification theory, the authors 
considered the artifact as a fundamental part of Calculus thinking, claiming that the role of 
the teachers and students must be modified. 

The role of technology is generally the main theme discussed in the topic study group of 
learning and teaching Calculus over the last three International Congresses on 
Mathematical Education (ICME). Most of these contributions investigated the potency of 
technology by means of empirical perspectives. They generally focus on the interrelation 
between intuitive and analytic thoughts in teaching and learning the basic ideas of 
Calculus with mathematical software, including graphic calculators. These ideas are 
particularly related to the decimal expansions of real numbers and its link with limit notion, 
the relationship between derivative and integral, multivariable Calculus and so on. Some of 
these contributions underlined the difficulties in translating these ideas into a digital model 
in way that maximizes the consistency of students’ interpretations. More global 
instructional approaches were also presented showing a diversity of courses planned by 
using technology to supplement mathematical learning via applied examples or historical 
situations. 

Three types of instructional technologies are seen more frequently in undergraduate level 
mathematics. These are graphing calculators, a Computer Algebra System (CAS), and Dynamic 
Geometry Software. However, the most practical instructional technology among them is the 
CAS (Vlachos & Kehagias, 2000). Since each CAS has interfaces that can execute algebraic 
calculus operations such as derivative, integral, matrix, and determinant, they can be regarded 
as a kind of calculating machine that provides convenience for mathematicians. At the same 
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time, a CAS is an effective visualization tool with menus providing different projections like 
plotting 2-D or 3-D graphs (Brown & Steele, 2014; Swidan & Yerushalmy, 2014). The 
technology-supported teaching environments, as enhanced by the use of a CAS, can help 
connect symbolic and visual representations of mathematical concepts so that students can 
utilize from the visual or analytic reasoning in the problem-solving process (Nishizawa et al. 
2014; Sevimli, 2013). The findings obtained from a literature review (of 326 papers) regarding 
the pur pose of CAS usage, showed that CAS tools were most widely used for experimentation 
(63 %) and visualization (59 %) in tertiary mathematics education (Buteau et al. 2010). Vincent 
et al. (2010) claim that the web based-platforms such as Wolfram|Alpha are more useful than a 
standard CAS software because of their advantages such as natural language processing always 
being up-to-date, and the “show details” feature. However, simply bringing the software into 
the teaching environment does not mean that the teaching is now technology assisted. 
Teachers’ technological content knowledge and students’ expectations must be taken into 
consideration. For instance, the study carried out by Eichler and Erens (2014) showed that only 
a few teachers (2 out of 29) integrate technology into their intended curricula in a sophisticated 
way to improve students’ understanding, whereas most of the teachers used to reduce 
students’ investment in calculations. It is unclear how much CAS-supported teaching is able to 
fulfil the expectations of students and how these expectations change according to individual 
differences. It is important to determine the expectations of students and examine whether or 
not the capacities of technological tools meet these expectations. However, there are very few 
studies in the literature which can be related to this topic. Several studies show that one of the 
differences that could help determine priorities of calculus students is a mathematical way of 
thinking (Haciomeroglu et al. 2010; Presmeg, 1985). 

The interaction between students and technology are quite important in the process of 
integration technology into teaching-learning environments (Marshall et al. 2012; Meagher, 
2011). Students’ expectations and demands on CAS integration in calculus were evaluated in 
this study. Findings showed that students set different limits on usage of CAS in learning 
environments. Consequently, while some of the students in the study stating that technologies 
such as CAS should be used limitedly in learning environments; they tried to explain the reason 
for this statement by citing the objectives and acquisitions of the course. Some students hold 
prejudices about the nature of calculus knowledge and technology compatibility in terms of 
visualization, especially students who are in the traditional group. It was noted that there were 
similar prejudices in the related literature. In one of these studies Eisenberg and Dreyfus (1991) 
claimed that most of the visual proofs are not accepted as real mathematical proofs by 
lecturers and students. However, it is injudicious to think that visualization harms the abstract 
nature of mathematics. Visualization of a mathematical concept does not mean concretization 
of it, it means establishing relationships between the analytical and the geometric nature of the 
concept. Therefore, students are making more effort while managing visual processes and they 
are able to make higher cognitive acquisitions (Presmeg, 2006). Traditional contents and 
approaches without visual elements prompt students to rulebased thinking and rote learning 
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(Alcock & Inglis, 2010). Aims of students in the traditional group regarding the calculus might 
be affected by the previous learning experiences and/or paradigm of lecturers. Because a great 
majority of students in the traditional group attributed to the importance of using symbolic 
language for “procedural skills” and “proving theorems”, which explains the reason why they 
remained distant on technology usage. Giving more attention to the procedural competence in 
the traditional group can be explained based on the “community of practice” phenomena. For 
instance, Sofronas et al. (2011) stated that mathematicians trust formal notation language 
more in the process of proving theorems, interpreting findings, making inferences, and 
generalization. Besides, Pierce (1999) interprets students’ finding traditional environments 
more reliable as a result of their lack of confidence about technological content knowledge. 
Similar inferences were obtained in Hung’s (2001) research, and he found that lecturers who 
are not capable of using technology are more likely to choose programs that concentrate on 
calculation modules (cited in Tokpah, 2008). The fact that less usage of visual elements in the 
teaching process of the traditional group may have prompted students to use algebraic 
solutions is another reason why students in the mathematics department remain distant about 
CAS usage in learning environments is related to epistemological beliefs. It can be concluded 
from opinions of participants such as “real mathematicians do calculations with paper and 
pencil” or “nature of mathematics is symbolic, there is no need for visualization” that they are 
under the influence of lecturers’ epistemological beliefs (Muis, 2004). 

Another component whose effects on usage of technology in calculus have been researched is 
thinking type differences. The findings of the study show that it would not be correct to make 
inferences about demands on CAS usage according to the thinking types; but some inclinations 
could be appointed if teaching environment and thinking types were considered together. 
Participants who have the most positive and negative attitudes towards CAS usage are visual 
participants in the CAS group (CAS-V) and analytical participant in traditional group (Tra-A), 
respectively. CAS might be considered scaffolding tools, which will bring different perspectives 
with multiple representations and visualization interface (Pierce, 1999). Thus, technology 
enriches learning environment provides alternative contents for students with different 
thinking types. In one of the studies that support this inference Sevimli (2013) stated that CAS-
supported teaching approaches, provides students an environment which enables students to 
choose appropriate content based on their cognitive preferences. In this study, especially the 
participants with visual thinking type stated that they could observe numerical, geometrical 
and algebraic interpretations of derivative and integral with the support of CAS, explicitly (CAS-
V, p. 18). On the other hand, thinking of the technology only as a device of visualization would 
mean ignoring the other capabilities of technology such as modelling and developing strategies. 
Therefore, enriching learning environments where technology is used with activities containing 
real-life problems and cognitive relations can be established can fulfil the expectations of visual 
students better. 

Participants who are analytical thinkers remain more distant to CAS usage than visual 
participants in calculus, and the fact that acquisitions, which were thought to be accomplished 
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by the end of the course were limited, might have affected the attitudes of analytical 
participants regarding CAS usage. At this point, analytical participants in the traditional group 
remain distant to CAS usage on account of the fact that procedural skills might be negatively 
affected. Tra-A has bias towards a learning environment which he has not experienced before 
(e.g., the usage of CAS negatively affects calculation skills and conceals the procedural steps). 
When opinions of the participants were gathered together it was discovered that using 
instructional technologies which are computer or calculator-based and which do not show 
intermediate steps to calculations (e.g., works with the result-oriented principle), were 
perceived as technology integration. In fact, it has been known that analytical thinkers are able 
use rule-based approaches more flexibly and they rely on algebraic representations more. 
Hughes-Hallett (1991) stated that for many calculus lecturers and students being competent in 
calculus are equal to the ability of manipulating symbols and numbers. In another study, 
Sofronas et al. (2011) determined that after the negotiations with calculus textbook authors 
and well-known professors in the US, for a great majority of participants, procedural skills are 
the leading acquisitions of calculus, and the rate of the participants who mention technology 
support was limited. Based on the related literature and concordantly with the course 
objectives it can be understood why analytical participants remain distant to mathematics 
software that conceals procedural steps. However, regarding mathematical software only as an 
input-output system by analytical participants in the traditional group limits the usage of 
technology and brings out the opinion that in traditional classrooms doing calculations with 
paper and pencil is more instructive. Thus, with the opinion of Tra-A “we made this command 
meaningful for computers and we make a bid for computers to do this handwork instead of us” 
confines technology usage to “crosschecking”. Analytical participants in the CAS group intend 
to use technology with the purpose of reducing the burden of operation different from the 
traditional group. In many studies in the literature, it is pointed out that mathematics software 
can be used to reduce the time spared for tedious calculations and this time can be used to 
support conceptual understanding (Harper, 2007; Pierce, 1999; Sevimli, 2013). 

The fact that the syntax of instructional software (LiveMath) which was used in the study is 
compatible with mathematical notions (typeset math, not computer code) and software’s 
showing the intermediate steps in the calculation process might have explicitly affected the 
opinions of the participants. Besides, the fact that visual participants pointed out more 
acquisitions than analytical participants at the end of the CASsupported teaching process may 
show that analytical thinkers are either not aware of acquisitions such as “using 
representations” and “visualization” or they do not regard these acquisitions as mathematical 
qualifications. While visual participants demanded CAS support more than analytical ones 
because of the fact that they obtained their objectives better, participants in the traditional 
group generally remained distant from the usage of CAS due to epistemological beliefs related 
to the abstract nature of the calculus. 

The results of the study showed that students in the traditional group pay more importance to 
procedural fluency, while students in the CAS group attach more importance to conceptual 
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competencies in terms of instructional objects. In addition to this, it was stated by students 
that the traditional teaching environment supports procedural fluency, and the CAS-supported 
teaching environment assists using multiple representations and visualization aspects more. 
According to the results obtained from the interview findings, visual participants demanded 
CAS support more than analytical participants, and the relation between objectives and 
acquisitions are important in attitudes about integrating technology into calculus. In this sense, 
it was observed that participants who remain distant to the usage of technology (CAS) in the 
learning process are mainly in the traditional group, or they are mainly analytical thinkers. For 
participants in this study, epistemological beliefs related to the abstract nature of the calculus 
and for participants with analytical thinking type confidence on algebraic solutions and the idea 
of harming of procedural skills are the reasons for the limited usage of CAS. 

The main implication of the study is that the objectives of the course and characteristics of the 
target audience should be taken into consideration while integrating technology in a learning 
environment. It seems that technology demands and attitudes of participants with different 
thinking types in the same learning environment or participants with same thinking types of 
different learning environments may differ. Undoubtedly the results of this study are limited by 
the self-assessment capacity of the participants. Therefore, asserting that analytical 
participants in traditional classrooms or visual participants in CAS-supported classrooms can 
obtain more acquisitions would be wrong. However, the results of the study bring an important 
projection regarding self-assessments of participants in different teaching environments, and 
with different instructional characteristics. The aim of this study is not to reach a 
generalization, but to thoroughly examine the reasons why students need technology. 
Consequently, interviews were carried out with a limited number of students. However, a new 
study, which will be conducted with a larger sample can explain how technology demands of 
students change according to thinking types and department differences. In other candidate 
studies which could be follow-ups of this study, it is suggested that researchers analyze the 
opinions of students about technology usage in didactics of mathematics with samples, 
discipline, and data collecting tool diversification. For example, compatibilities and 
incompatibilities between student expectations about different mathematics classrooms in 
different educational levels (such secondary, high school and higher education) and capabilities 
of mathematical software could be examined. Moreover, differences in the students' thinking 
types and course requirements should be considered when designing a technology-enhanced 
learning environment by lecturers and software developers. 

 

3. Survey on education during the Covid-19 pandemic  
3.1. Theoretical background 

In 2020 it happened to us Covid-19, the pandemic of world scale. The disease was spreading 
with lightning speed and it was dangerous for all people, regardless the skin color, the religion, 
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rich or poor. The pandemic used to run vary fast, so the governments in many countries were 
implementing restrictions in people’s movement in public places. Such restrictions have disrupted 
the normal functioning of all educational institutions. The pandemic put the key to the faculties, 
and generally to the education such that we have known. At the beginning, people thought that 
this situation will be short and we will overcome it easily, but it does not happen. The education 
process couldn’t be stopped, it must continue, the students must go on with their education. A 
large break in the teaching process should not be allowed, it is not good neither for students, or 
teachers. This is the reason why all the countries in the world started to search for an alternative 
ways, new possibilities for the continuation of the educational process from distance, to educate 
the students in their homes. The world required fast and sustainable ways for learning from 
home. The education must be adapted quickly for answer to the new challenges, but the adaption 
must be effective.  

The computers and other digital and mobile devices were mostly used in this kind of education. 
They became an irreplaceable tool in the education process. The digitalization of education must 
happen fast and immediately. The world did not have a time for delay and testing of the digital 
platforms which shell be used for learning very soon. The way of learning before Covid-19, left in 
the history. Schools from all over the world started to use different computer platforms for 
learning from distance, as well as e-learning (moodle), Microsoft Teams, Zoom, etc. Which one 
will be used, it depended on what teachers will choose. Anybody did not have recommendations, 
observations, and results for this kind of education. All educational systems in each country were 
and still are global test for learning from distance. 

 

The education before and during the Covid-19 pandemic 

(Downloaded from https://acerforeducation.acer.com/blended-learning/covid-19-will-blended-
learning-become-the-future-of-education/ January, 2021) 

In some countries the educational institutions remained opened, but the students and teachers 
were following health protocols determined by the Government.  
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The education in a school in a period of Covid-19 

(Downloaded from https://www.unicef.org/coronavirus/supporting-your-childs-mental-health-
during-covid-19-school-return January, 2021) 

Each subject, as well as mathematics had and still has same challenges in order to be realized 
during the pandemic. A lot of questions without answers, linked with the learning from distance, 
appeared. As the most common questions that were asked and were deeply elaborated, we can 
mention the following ones:  

1. Which way the education will be performing from distance? Which computer platform is 
the best? 

2. What will be like the motivation of the students for learning in these conditions? 
3. Would students take this type of teaching seriously? 
4. Will this type of teaching provide students with permanent knowledge? 
5. Will all students be technically equipped for this type of teaching? 
6. How will the evaluation of the acquired knowledge be valued? 
7. In which way the teachers will grade students? 
8. How will the students be tested from distance? etc. 

According to the most frequently asked questions it can be realized that all these questions are 
about the successful realization of the educational process and giving permanent knowledge of 
the students. Each subject has own specifics in terms of the realization of teaching and the way of 
evaluating the students’ knowledge. The social subjects are related to oral lectures and discussion 
between the teacher and the students, and the evaluation of the acquired knowledge can be 
done with oral presentation of the student. The computer platforms may be good for such kind of 
teaching. On the other side, mathematics, languages, and natural sciences as school or faculty 
subjects do not only require an oral presentation and a debate between the teacher and the 
students, but also require a green board for writing, solving tasks and in certain subjects, 
performing experiments in a laboratory. Previously mentioned computer platforms were not and 
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are not yet fully prepared for this type of teaching. The problem with writing on a board can be 
solved by using a white board as an external computer tool that could be use for writing via 
Microsoft whiteboard application. But, the experiments cannot be done from distance; they need 
presence in a laboratory. For that purpose, some countries have introduced health protocols for а 
physical presence of the students in a laboratory. But, the most difficult thing for the teachers in 
this process of distance learning was evaluation and grading students’ knowledge. For an 
evaluation of the students’ knowledge in the written form, quizzes were applied by using 
different platforms for e-learning. Depending on the subject, homework in a form of project was 
also given to the students. But, the classic examination of students with a physical presence could 
not be completely replaced in this way. Actually, schools and faculties were not prepared for this 
kind of grading the students. We can say that this was just an attempt for grading students' 
knowledge in the subjects of areas: mathematics, languages, and natural sciences. We are still 
looking for a way to most reliably grade students' knowledge of these specific areas. But we also 
hope that this bed thing that happened to the normal life will end.   

Online digital resources become a basic need in the process of teaching and learning, which have 
to support the continuity of learning for students who have access to the internet and digital 
devices, but also for students that do not have such access, something that was not so easy. 
According to F. M. Reimers (2020), it was published at the end of March 2020 a framework to 
guide an education response to the COVID-19 pandemic, as a tool to support education leaders, 
based on a survey conducted between the 18th and 27th of March 2020. The survey assessed 
educational needs, priorities, implementation challenges and emerging responses, and was the 
first of a series of surveys to monitor the evolution of responses to emerging needs in the 
education sector. Subsequent modules will include radio and educational television resources, 
and a module to guide the implementation of effective education responses. Those resources will 
help educators collaborating across institutions and countries in the important and urgent task of 
supporting students’ opportunity to learn during this challenging crisis shared among humankind.  

In F. M. Reimers (2020) we can also see an analysis from the survey regarding the resources for 
online education. The resources are grouped into three categories, according to their purpose:  

1. Curriculum Resources: These include lessons, videos, interactive learning modules and 
any other resources that directly support students in acquiring knowledge and skills.  

2. Professional Development Resources: These are resources which can support teachers or 
parents in supporting learners, guiding them to content, developing their skills to teach remotely, 
or more generally augmenting their capacity to support learners now learning more 
independently and at home, rather than at school.  

3. Tools: These include tools that can help to manage teaching and learning, such as 
communication tools, learning management systems or other tools that teachers, parents or 
students can use to create or access educational content.  

Planning the process of education in the Covid-19 crisis has to be done seriously and many 
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aspects have to be considered. The basic thing that needs attention is acquiring the knowledge, 
and all the resources should be adopted in that way. Which resources are available is also very 
important thing (digital tools, instructional materials, curriculum, etc). Students who don’t have 
access to internet have to be involved in the process of education. Equity needs to be an 
important consideration. The ways of communication between teachers and students, as well as 
teachers and parents should be determined.  

 

3.2.  Difficulties for the teachers and students 

For educators, the Covid-19 pandemic was a transformative challenge; they have faced up with it 
suddenly and unprepared. Because the duration of the restrictions about movement in public 
places is often extending, teachers find themselves in a situation to search alternative methods to 
continue with the educational process when attending schools and universities is not possible. 
They did not have tool that can guide them to all appropriate responses, so new ways of teaching 
became necessary. All the changes in the process of education had to be implemented in a very 
short time, but teachers, students and parents were not prepared to start accidently. The 
planning time was limited and there was need for instructions and changing information about 
possible tools and software for distance learning as quickly as possible. Educators must swiftly 
design responses, as the pandemic was spreading rapidly. It is very important to protect young 
people’s educational opportunities during and after the pandemic, as well as their health. The 
process of education should continue without significant interruptions and the continuity of 
teaching and learning during the Covid-19 pandemic must be supported. Therefore, the teachers 
have to work on new methods and applying new technologies, which cannot avoid digital 
resources, because the process of learning has to be distance learning.  

However, there were and still are many difficulties for both teachers and students in this process 
of online teaching. Different resources and teaching materials for online learning were available 
and the teachers could use them, but some of them were not enough and appropriate and the 
teachers had to adopt them or use as a sample to develop their own. 

Besides the available resources and tools, not too many educational organizations, especially 
schools, have accepted general solution for the educational process to be continued. All parties 
involved in the educational process (teachers, students, parents …) faced up with the new 
situation very suddenly and not too many of them could response immediately to the 
requirements the new situation has imposed. Most of the teachers in many countries were left 
themselves to manage the process of education without support of their organizations. Some of 
them used different platforms that offer team working, but left without appropriate instructions 
and training, many of the teachers were improvising the educational process using social 
networks. The existing instructions were mainly in English language and not all the teachers could 
understand correctly. Old and slow devices and interrupted internet connection often appeared 
as barriers in the teachers’ effort to make the teaching as qualitative as they can. Teachers do not 
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always have correct backward information about students’ acquired knowledge. Its evaluation 
was very difficult. Video connections on the lessons and exams were not always possible. There 
were students that don’t do their tasks and exams individually, even when the exam was done 
with video connection. This is something that was not easy to be controlled and interrupt by the 
teachers, because students worked in their homes. Many of the teachers and students don’t have 
the equipment for overcoming such disadvantages in the process of online education.  

And that is not all. The biggest problem is that not all students have the opportunity to follow the 
teaching process online. They do not have the necessary digital devices; they not at all have an 
internet connection. So, the imposed restrictions in the movement on public places have cut the 
opportunity to such students to be involved in the process of education. It seems that such 
students have to be discriminated in the process of education. This makes serious challenge for 
the teachers to reach the educational goals in such environment. Teachers had to search and 
access different ways to continue educating students during the pandemic, such that there will be 
no students excluded from the teaching process. But, in the countries with weak economy this 
seems to be impossible. These problems remain still unsolved; they need attention and have to 
be priority for consideration, because the education should be guaranteed right for the students, 
especially those in primary and secondary school.  

However, education policy makers had to provide strategies for structuring curriculums and 
systematically plan the process of education. Determining the ways of evaluating students’ 
knowledge and achievements also has to be topic for consideration. The safety and health of the 
students, families, and staff has to be guaranteed. School staff themselves should also be 
connected. All the problems that teachers faced up in the spring semester 2020 were serious 
challenge for the autumn semester 2020.  

  

3.3. Teaching Mathematics during Covid-19 period 

Mathematics as strict and rational science discipline plays an important role in the education 
process. Each interruption in the continuous process of teaching and learning mathematics could 
provoke many negative consequences for the students not only in their mathematical literacy, 
but in their education generally. 

The contemporary methods have shown as effective and useful methods in the mathematics 
education. But nowadays we are living in a specific period, when almost everything must be 
changed because of the COVID-19 pandemic. The COVID-19 pandemic has drastically influenced 
education. Education had to migrate to the online environment. Faculty buildings are closed and 
mathematics teachers, as well as others, were facing with the challenge of developing alternative 
educational practices, including distance learning through digital technology. The teaching of the 
subjects in the area of social sciences maybe is easier for the teachers, and the students can 
easier study such kind of materials, because the lectures are mainly based on oral presentations 
and discussions. However, the teaching and studying mathematics, physics, chemistry and other 
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natural or technical sciences is more complicated in digital form because the lectures are difficult 
to be understood only with oral presentation. In addition, the teachers face up with many 
difficulties during the process of explanation of these subjects, because of the nature of its 
contents: there are plenty of formulas, figures and different processes which have to be 
explained. So, additional digital tools were necessary beside the computer, but they were not 
easily available. Subject curriculums were not appropriate for such kind of learning from distance. 
The situation with Covid-19 and changes it imposed in the education has contributed in realizing 
the importance of possessing teaching digital skills and ability to use technology in the teaching 
process, especially in mathematics.  There are teachers who have been developing great concepts 
on how to teach online, how to do online experiments or how to combine outdoor activities with 
online tools, before the pandemic, but the huge number of them did not. An exchange about 
these good practice examples is extremely important to inspire further teachers, simultaneously 
with the training for using online resources. 

In the process of teaching mathematics in these new circumstances, different platforms for 
learning from distance were used, as well as Microsoft Teams, Zoom, etc. The previous ways for 
learning and implementation of mathematics with all specifics, especially basic mathematical 
practice – solving tasks on a blackboard during the lessons, was impossible. The mathematics 
teachers require new ways and tools for solving math tasks during the online lessons. One way for 
solving this problem was using the whiteboard as additional tool, connected with Microsoft 
Whiteboard application, where the teacher could write in the process of teaching. The question 
was: does each educational institution have provided teachers with a whiteboard? Because 
teaching mathematics without writing formulas is just improvisation.  

Doing homework and projects remained the same as before the pandemic, and it was not a 
problem for the students in these conditions. But, all other was different. The students were at 
home and they had to follow the lessons by using the computer or mobile platforms. The 
teachers did not have feedback about the students’ activity during the lessons. On the other side, 
it was not possible for all students to follow lessons with camera and microphone, because the 
internet was falling. Also, the active students could not be noticed by the teacher. The teacher 
simply had no feedback on whether the students understood him or not. If the teacher did not 
have a board as an additional tool, he had to improvise and of course, the students will not 
understand the lecture at all. Thus, the teaching will looks like studying alone at home, with 
teacher’s support. Most often, the teachers had to buy a white board by themselves and they had 
to hang it on a wall at home. Turning on the camera from their computer, the students can follow 
teachers while they solve the tasks on the board. One big problem which students and teachers 
were faced up was solving the tasks by the students because the students do not have white 
board at home. For this goal, the teachers looked for alternative methods. The students had to 
solve tasks on notebook, then to take a photo of the solved task and they had to share with other 
students and the teacher. This work requires more time and the photo should not be taken with 
old device, because of the resolution. Another big disadvantage of this is the teacher could not 
know whether the solution is own work of the student or somebody else from the student’s 
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environment has solved the task. Very often teachers asked the students to dictate the steps in 
the solution while solving, which was an attempt to check does a student understand the 
procedure for solving and work alone. On this way, the space for manipulation by the student was 
smaller, but it was not excluded. So, this way for checking the student's knowledge was not 
convenient. The exams were done with a camera and a microphone turned on, while students 
solve the tasks on a paper. Then, the student took a photo of the paper with solved tasks and the 
picture was sent to the teacher by e-mail. But, the teacher could not control what was happening 
in the students' environment and the space for manipulation by the students was also large. 
Some teachers require the students to write the test online. But, this way was complicated for 
writing formulas and the test is based on questions with multiple choices – so, some students 
could answer correct occasionally. In all these ways, the teacher does not have control over the 
whole student’s work and the results from online tests do not exactly reflect the students’ 
knowledge. It is far easier for the teachers to control students in the classroom. Time will show 
how much knowledge the students have acquired during the pandemic. Is that knowledge 
permanently and can it be applied? However, the teachers did their best to implement education 
under such conditions. The future will give results, good or bad, we will see.  

Doubtless, for successful implementation of distance learning mathematics, new flexible 
curriculums are necessary, as well as appropriate software and digital tools, and the most 
important, training and instructions of the teachers for using those tools and software. Those 
things are missing for now.   

In addition, for successful learning mathematics, the most important is the point that refers to 
not limitation in the process of students’ mathematical reasoning, because math is everywhere, 
starting from their devices to politics and finance.  

In the developed countries in Europe and America, the process of distance learning maybe is 
easier for the teachers and the students, because they have done many investments in distance 
learning before the pandemic. But, in the Balkan region, these changes in the education process 
draw out many problems in the education systems.  

We have tried to find some material for distance math teaching support, available online, but we 
could not found anything structured for an academic level. There are only curriculums and lesson 
examples for primary and secondary school (see Lazarova et al, 2020).  

However, when developing STEAM curriculum, developers should have in mind the following: 
while developing programs and materials for mathematics, to look for opportunities to integrate 
science, technology, and engineering in meaningful ways as applications for mathematics in 
solving problems in relevant settings. Whenever STEAM activities might not fully address grade-
level appropriate standards in mathematics, look for ways that the activities can support the 
overall development of problem solving, critical thinking, questioning, and academic curiosity. 
When assessing STEAM learning, recognize the unique nature of integrative STEAM activities and 
use or develop authentic assessment tools that look at connections and address problems 
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integrating the STEAM disciplines. 

The Massachusetts department on elementary and secondary school on 
https://www.doe.mass.edu/covid19/remote-learning/?section=guidance#view-list (accessed 
January 2021) has published recommendations, resources, and examples for remote learning. 
Although those are for school education, they can serve as an idea for developing similar for 
academic level: 

1) High-quality curriculum and instructional materials 
Strong curricular materials are critical and powerful tools, especially during this uncertain 
time.  Districts that have coherent, high-quality curriculum have been able to pivot more easily 
and have seen more coherence among teachers during the pandemic.   

2) Organizing student schedules for structured learning time 

All students, including those learning remotely, must receive at least the minimum amount of 
required instruction. Throughout the school day and week, students learning remotely should 
experience a combination of instructional activities; small group or individual academic 
support; and asynchronous, independent work time; and have access to teachers or staff 
members at a regularly scheduled time to monitor ongoing progress and needs.   

3) Teachers should provide clear expectations for what students should be working on, what 
they need to submit, and when any assignments are due. Students should clearly 
understand how attendance will be taken, how they will receive feedback on work 
completed asynchronously, and how they will be evaluated (such as grades). Students 
learning remotely should have access to rigorous, relevant content. 

4) Organizing educator time to maximize time with students. 

 

4. STEAM education in the 21st century 
 

4.1. Theoretical framework 

STEAM uses the arts along with traditional STEM subjects as access points for guiding student 
inquiry, dialogue, and critical thinking. The end results are students who take thoughtful risks, 
engage in experiential learning, persist in problem-solving, embrace collaboration, and work 
through the creative process. STEAM works by leveraging the benefits associated with STEM 
with the accessibility of visual art, poetry, music, and drama. Students can make connections 
and learn in a variety of ways, reaping the benefits that a STEAM education can provide. STEAM 
approaches can help students learn skills relevant to the 21st century, including innovation nd 
cultural sensitivity. A well-rounded approach to education also better enables teachers to use 
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differentiated instruction to meet the needs of diverse learners. 

STEAM’s Impact in the Classroom 

As a result of the adoption of STEAM in classrooms across the country, new teaching methods 
have emerged. These approaches combine subjects and disciplines that have been separated 
from one another traditionally and STEAM promotes skills seen as important in academic and 
life success.  

Here are some of the skills that students stand to gain from STEAM. 

Creativity. Teaching students to think “outside of the box” causes them to approach tasks 
differently. They learn to be creative by using a wide variety of thought processes and skills 
throughout a classroom day. 

Confidence. Approaches grounded in visual art, drama, and creative writing give students 
hands-on training in delivering a message and doing so with confidence. When combined with 
science, mathematics, and technology-based topics, students learn to tackle tough subjects 
with self-assurance. 

Problem Solving. Learning new skills, whether technical or artistic, teaches students to 
approach new, potentially challenging situations with a positive attitude. Using STEAM, 
teachers can help students solve problems creatively using a variety of methods. 

Collaboration. STEAM classrooms are highly collaborative, with students working together to 
grasp new information using multiple access points. They learn to share responsibility and 
compromise by working on group projects that incorporate multiple disciplines. 

The effectiveness of STEAM is no surprise: “Science, technology, engineering, mathematics, and 
the arts all have very similar intellectual ancestors: some of the same philosophical 
underpinnings, some of the same inquiry questions. There’s always been a connection between 
the arts and these other domains … the difference is that now you will see deliberate as 
opposed to accidental cross-pollination between the subjects, and a lot of it is about making 
learning accessible.” She points out that one of STEAM’s central benefits is that it provides 
multiple access points, giving students with different learning styles and backgrounds ample 
opportunities to learn in the way that is best for them. 

  

Applying STEAM Principles for Success 

Creegan-Quinquis provides several useful examples of how teachers can successfully integrate 
the five STEAM subjects into the classroom day. The first involves using digital tools: 
“Classroom teachers use a lot of interactive books online, the kinds that are very artistic and 
creative, and actually have animations and movement … with the focus on being able to use it 
to teach new vocabulary [for example].” 



                                      
 
 

"The European Commission's support for the production of this publication does not constitute an endorsement of the 
contents, which reflect the views only of the authors, and the Commission cannot be held responsible for any use 
which may be made of the information contained therein." 

Giving students multiple options for presenting what they learn is another useful feature of 
STEAM. “You may have a student who is quiet … and they are not always the first one jumping 
up and raising their hand. If you know that a student likes rap and you ask her to make a rap 
song about a mathematic equation, watch what happens when she starts rapping. You often 
will be inspired and excited by how much she knows,” she says. 

Taking a multidimensional approach to assignments is another way to successfully integrate 
STEAM. Creegan-Quinquis uses the example of teaching Shakespeare’s Macbeth: “Ask them to 
do a little creative writing, then act out part of the play based on their own [re]writing of the 
script. You may have them playing William Shakespeare being interviewed about why he wrote 
the characters that he did. You may have students create collages of the characters. 
Approaches like these can all enhance their understanding of the book they read.” 

She suggests using technology to teach subjects like social studies and science. “I might use 
technology to have students research three different multimedia experiences of an important 
event in history,” she explains. “In science, the students will use lots of graphics to give visible 
form to their experiment. They will create their own documentary. They will use animation 
apps [and] iMovie.” All of these strategies enable teachers to implement STEAM in their 
classrooms. 

 

Innovation and the 21st-Century Classroom 

The STEAM movement is an important trend in K-12 education because of the rapid pace of 
innovation and the changing nature of the job market. “Education is under pressure to respond 
to a changing world. As repetitive tasks are eroded by technology and outsourcing, the ability to 
solve novel problems has become increasingly vital”. This puts STEAM at the forefront of 
education, and teachers who can successfully incorporate these approaches into their 
curriculum can help students prepare for the challenges and innovations of the modern world. 

Numerous STEAM educational literatures indicate that STEAM Education is based on 
constructivist theories throughout the problem-based learning, project-based learning, 
collaborative learning and mathematical modeling (Gross, 2016).  

The GeoGebra package is a free and  an open source dynamic software created by Markus 
Hohenwarter for all levels of education. It is a dynamic mathematics software, supporting science, 
technology, engineering, arts and mathematics (STEAM) education and innovations in teaching 
and learning worldwide (https://www.geogebra.org/about). GeoGebra enables simultaneous 
dynamic multiple representations, which means simultaneous algebraic, verbal and graphical 
representations of mathematical objects. There is an algebraic, 3 different graphical views, and 
dynamic changes from one view cause simultaneous changes in other views. 

The main characteristic of GeoGebra, is its simplicity of use and low teacher training demands.  
This is a very powerful dynamic software, with wide application possibilities.  Research has shown 
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that in this way, students are better acquainted and accustomed to a formal mathematical 
language by associating it with graphic representation and interpretation of a real problem in a 
dynamic environment.  This improves the learning process and creates a positive attitude towards 
mathematics. There are also reports about the positive results of application of GeoGebra in 
teaching and learning sciences, mathematics and especially calculus (Takaci et.all 2015; Sekulic, et 
all 2020). 

 Constructivism 

STEAM education is based on constructivism. Constructivism is a learning theory, where the 
learner actively creates his knowledge in its own way and he does not passively adopt knowledge 
from the outside (Takaci et all, 2015, von Glasersfeld, 1995).  According to constructivist theory, 
the student creates the meaning of new ideas and information, connecting them with his 
previous knowledge. During learning, the student has to  adapt his existing knowledge with the 
new experience. Thus, the student develops and completes his knowledge and which is upgraded 
and becomes more complex. (Takaci, et all, 2015). 

The teacher has to form and to adapt the student environment to enable students to learn much 
more easily. He has to prepare a variety of interactive materials and help students use them, 
taking into account the cognitive conflicts that may arise during the learning process. The teacher 
coordinates the student activities and encourages their initiative, encourages student dialogues, 
suggests that students ask different questions, both to the teacher and to each other. (Takaci, et 
all, 2015; Doglu et all, 2007). 

Learning calculus with the use of GeoGebra is more “constructivist” than without a computer. 
Students have more opportunities to explore, analyze and test the adequacy of their knowledge.  

Let us consider the example in Figure-Geogebra enviroment which illustrates the possibilities of 
GeoGebra package in examining functions (Takaci, et all, 2015).  Algebra and two graphic views 
are shown. The function 𝑓, and its first and second derivatives  𝑓ʹ, 𝑓ʹʹ, their zeroes and 
asymptotes are presented both in algebra and one graphic views.  The connection between 
formulas  and their corresponding graphics is shown. In particular, the proprieties of the function 
can be analyzed from the formulas (limits, derivatives, equations and so on) and the 
corresponding graphs simultaneously. The second graphic view is used for verbal and algebraic 
representations of the notions that have to be determined, by using two left graphics. On can 
change algebraic representation of function 𝑓, and simultaneously the changes on both graphics 
will follow.  
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 Geogebra enviroment 

 

4.2. Collaborative learning  

The learning process is a social activity and therefore learning in small groups is very attractive. A 
lot of research analyses collaborative and cooperative learning. Collaborative learning is based on 
constructivism. The term “collaborative learning” refers to “an instruction method in which 
students at various performance levels work together in small groups toward a common goal” 
(Gokhale, 1995, p. 22), which means: “ to solve a problem, complete a task, or create a product.” 
(Laal et all, 2012). In a lot of papers it has been proved that   the students are more successful 
when they learn in small collaborative groups where they compare and share their ideas with 
each other. Also the social interaction is the best in small groups   (Takaci, et all, 2015).   

In collaborative groups the members of the group work together helping one another, exchanging 
ideas,  analyse, find explanations and conclusions that are connected to the common aim to solve 
the common problem. It is that the success of collaborative learning process depends on the 
forming group procedure (Bekele et all, 2011; Lin, Huang et all, 2010;). In that sense 
heterogeneous groups (in regard to academic achievement, gender, ethnicity, task orientation, 
and abilities) are considered as more  successfull then homogeneous  (Kagan, 1994; Johnson et 
all, 1975; Slavin, 1996). According to Kagan (1994), forming heterogeneous groups is a complex 
problem taking into account the multiple students’ characteristics such as the different level of 
students’ knowledge and their feelings towards one other. During the collaborative learning in a 
group made up of students of different levels of knowledge, students are introduced to 
significantly different views of the given problem than their own. Through interaction with other 
members, to some student the obtained answers, and to some student the put questions and 
others’ misunderstanding will contribute to the deepening of his knowledge about the problem. 

Let us present one way dividing students into small collaborative groups, based on Kagans’ 
principles. 
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• First the students need to finish the pre-test considering their previous knowledge. 
Then the results of the pre-test are used to form a list order of all the students 
(ranking from the worst to the best one). 

• In order to avoid negative feelings and close friendship in the groups, each student 
need to make two lists of persons whom he likes or dislikes, particularizing up to three 
names. 

The first group should be formed by taking the first student, the last one and two students from 
the middle of the rank list. If there are no negative feelings and close friendships among these 
four students, then the group is accepted. In the opposite case, the person from the middle of the 
rank list is replaced with the nearest one. If the first group is formed properly, its members are 
omitted from the list and the process is repeated (Takaci, et all, 2015).   

Nowadays, there are lot different computer-based methods are used for forming collaborative 
groups considering multiple students characteristic (Takaci, et all, 2017; Bekele, et all 2011; 
Sadeghi, et all, 2016). 

Cooperative learning is a form of learning in small groups. Collaborative and cooperative learning 
are often regarded as synonymous but many researcher  (e.g. Dillenbourg, 1999; Dooly, 2008) 
differ them. According to Koschmann (1996, p.21): “…in the cooperative model of learning, the 
teacher still controls most of what is going on in the class, even if the students are working in 
groups. During the Covid 19 crisis cooperative learning in that sense cannot be applied and 
therefore we shall speak about collaborative learning . 

Computer supported collaborative learning 

Computer supported collaborative learning has been applied and analyzed in a lot of research 
papers before Covid19 crisis, but nowadays, collaborative learning cannot be applied without the 
help of computer.  According to Stahl, et all (2006, p.1) “Computer-supported collaborative 
learning (CSCL) is an emerging branch of the learning science connected with studying how 
people learn together with the help of computers (Takaci, at all, 2015). Today, there are lot of 
Web possibilities, such as Skype, Viber, TEAMS,  Vebex, Zoom,  which enable discussions among 
learning participants, where  students can  express their thoughts and  understand each other.  
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Figure 2. Circular learning scheme Figure 3. Linear learning scheme 

 

Computer supported collaborative learning contributes to constructivist learning and therefore it 
is important to work on its improving in the sense of STEAM. Computer supported collaborative 
learning of mathematics contents, in particular calculus contents, helps students deepen their 
theoretical knowledge. Working with the help section of  software packages, for example 
GeoGebra  students are starting from the visualization of different concrete examples and 
generate the conclusions by their own. It is important that the packages helps students to 
continuously use simultaneously algebraic, verbal and graphical representations. This type of 
work can be presented by a circular scheme, while the students work Calculus without a 
computer is presented. In that case, when the students get their tasks, they use verbal and 
algebraic representations but almost at the end the they draw the graphs (Takaci, et all, 2015) 

 

4.3. Mathematical modeling 

As mathematics is a basis for the other sciences, the mathematical model is simply a 
representation of the real-life phenomenon by mathematical equations. That means that one can 
predict the result of a physical or chemical process without going to laboratory. Just 
understanding the phenomenon and mathematics is enough for mathematical modeling. So, for a 
good appreciation of mathematics, mathematical modeling should be a core course in all high 
school and faculties all over the world. In that way students will appreciate the importance of 
mathematics for the major chosen. (Gultekin, Kalbekov, 2017). 

In (Blomhøj, 2004), the main arguments for teaching mathematical modelling as an integrated 
element in mathematics in general education especially at secondary and tertiary level, are the 
following:  

 (1) Mathematical modelling bridges the gap between students’ real-life experiences and 
mathematics. It motivates the students’ learning of mathematics, gives direct cognitive support 
for the students’ conceptions, and it places mathematics in the culture as a means for describing 
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and understanding real life situations. 

 (2) In the development of highly technological societies, competences for setting up, analyzing, 
and criticizing mathematical models are of crucial importance. This is the case both from an 
individual perspective in relation to opportunities and challenges in education and work-life, and 
from a societal perspective in relation to the need for an adequately educated workforce.  
Mathematical models of different kinds and complexity are playing important roles in the 
functioning and forming of societies based on high technologies.  

The mathematical modeling has many advantages, see (Ashin, Sahin, 2019):  

i) The learners are more inspired by an action, for example, scientific demonstrating 
than taking in the specific circumstance, taking care of a few issues, and figure out how 
to explain a condition, without knowing how the issue can be connected in real life 
world, since when all is said in done, the mathematics issues have no significance for 
learners, not notwithstanding for educators.  

ii) The learning has a genuine importance. For learners as well as teachers, it becomes 
easy to establish connections to other situations and problems.  

iii) Students learn approaches to assemble associations with other situations, especially 
physical situations. Students feel more ready and confident to use mathematics in 
different areas of studies.  

iv) It can be applied in any level of school education.  

As disadvantages, the authors (Ashin, Sahin, 2019) underline the following: 

i) The learners dislike adopting a new procedure to tackle a problem.  
ii) The choosing of good problem to discuss in the classroom is not very simple for 

learners, actually it is the art of the instructor.  
iii) The mathematical modeling activities require additional time than the conventional 

learning techniques.  
iv) It is hard to comprehend the setting encompassing a given circumstance.   
v) It is hard to recognize the basic parts of a set circumstance and make an interpretation 

of them into mathematical terms. 

There are plenty of possibilities for applying mathematical modeling. The teachers can choose 
problems from medicine, epidemiology, biology, finance, engineering etc. Nowadays situation in 
the world with Covid-19 pandemic also can be given as example and problem on which the 
students with their professors can work, by using mathematical modeling. The recent researches 
for this problem are actually considering of different mathematical models in order to explain the 
motion of the virus. The mathematical knowledge together with appropriate software can give 
many important conclusions and ideas for research and for science achievements. 

The process of mathematical modeling enables students to connect a real situation (problems 
from real life, science, technology, art ...) with mathematical contents and their applications. In 
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particular, the process of mathematical modeling is useful in teaching calculus and should be used 
to help students in understanding advanced mathematical contents and lead them towards 
creative thinking. Therefore, mathematical modeling is essential for STEAM education. 

 

 
Mathematical modeling cycle 

 

According to Stillman et al. (2007) the  mathematical modeling process is represented by a cycle 
(Figure Mathematical modeling cycle). It consists of seven phases and the transitions connecting 
these phases in both directions. The phases are: Messy real world situation, Real world problem 
statement, Mathematical model, Mathematical solution, Real world meaning of the solution, 
Revise model or Accept solution and Report.  The cognitive activities represented throughout the 
transitions between phases are the most important in the process of mathematical modeling in 
education. It is important that the transitions always include several cognitive activities. 
Therefore the cognitive activities 

• Understanding, structuring, simplifying, interpreting context are necessary within the 
first transition; 

• Assuming, formulating, doing mathematics are necessary  within the second 
transition; 

• Working mathematically are necessary within third  transition; 

• Interpreting mathematical output are necessary within fourth transition; 

• Comparing, critiquing, validating are necessary within fifth transition; 
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• Communications justifying, if the model is satisfied, or revising the modeling process if 
the model is not satisfied are necessary within the last transition (Stillman et all, 2007; 
Sekulić et all, 2020). 

 

Mathematical modeling process is the most successful when it is done in the computer 
environment because it allows making connections between algebraic, graphic and verbal 
representations and manipulation with all three of them by using dynamic properties. Much 
research is done in computer technology in modeling, analyzing their contribution to creating a 
better model and understanding of the relationship between the mathematical model and the 
real world (Sekulić et all, 2020). 

The mathematical modeling circle is presented by star diagram in Figure Modelling cycle 
integrates computer technologies in the traditional mathematical modeling cycle. The stages are 
corresponding to the modeling cycle presented in Figure 5, but there are two types of transitions, 
G-type and S-type.  In transitions G-type, G activities denoted by G1-G5, are sometimes the same 
as in the traditional process. The transitions, S-type, include new S activities realized with the help 
of computer, denoted by S1-S5.  The S-type transitions include the same cognitive activities as the 
G-type transitions and they also can be combined together during the modeling process.  They all 
include cognitive activities based on computer visual/dynamic representations. Therefore this 
approach is appropriate for STEAM methodology. 

 

Modelling cycle 

 

Using GeoGebra for working with real life situations contributes to a better realization of 
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mathematical modeling activities by giving students opportunities for visualization of problems, 
for exploration of its elements and making relationships and connections between real and 
mathematical world. 

 

4.4.  Project based learning  

In order to provide link between mathematical knowledge and its applications, mathematical 
teachers would like to use real problems to show applications of mathematical knowledge from 
the books in real-life situations. The contrast between students’ superficial “pure mathematical 
approach” to word problems in an ideal academic situation and students’ deep “practical 
mathematical skill” to authentic problems is analyzed in (Verschaffel et al. 2000). It showed that 
traditional word problems as mathematical models have very slim links to problems in the 
complicated real-life context. Without learning mathematics through solving problems, students 
have trouble in making connections between book knowledge and real-life situations. In an ideal 
school environment, students are only book smart and become good test-takers, while in reality 
students have no idea how to make the best use of mathematical knowledge to make better their 
life by solving challenging problems in their daily-life situations (Wu and Ye, 2017). 

 

(http://weareadmirals.weebly.com/project-based-learning.html Accessed on: 25.03.2020) 

The calculus as essential subject in the most of the technical and natural sciences, is very abstract 
and complex material for students, although the project based learning implementation is 
possible at the classes. There are many examples through the literature for using of this very 
practical project base method which accent the importance of the mathematics in other sciences. 
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By using of this method, the integration of the mathematics with other sciences is put on the 
pedestal.   

In (Wu and Ye, 2017) is described how to use the project-based pedagogy to enhance students’ 
Calculus learning based on the first author’s experimental teaching experience. In the “2014 
BMCC Polar Art Calendar” project, students were requested to apply graphs of polar equations to 
create computer-generated images with a variety of flower patterns by using the Maple 
technology in a math lab. At the end of this project, students were requested to submit their 
written reports and make presentations to express their mathematical thinking. The authors in 
the paper explained in detail how the project was designed to connect with Calculus knowledge, 
how to prepare scaffolding materials for students to use, how to utilize a math lab and to work 
with lab technicians in Maple Software, and how to design a rubric for project evaluations.   

In (Lowary et al., 2010) the authors explained three projects which were implemented in the first 
year of engineering faculties. The primary goal of these projects is to show students how the 
concepts and techniques they were learning in math class were relevant to their future career in 
engineering. Usually, if the students understood the connection between the two subjects, they 
would understand both subjects better and be motivated to work diligently in both subjects.  

The authors in (Lowary et al., 2010) described three projects: EkoSkoot, Save the Snails, Fry by 
Night. All three projects were defined to illustrate the following math concepts: (1) functions, 
composition of functions, discrete and continuous variables; (2) exponential growth and decay; 
and (3) rate of change, specifically focusing on Newton’s Law of Cooling. Each project presents a 
fictitious real-world problem that puts the students in the context of being the consulting group 
that needs to develop the solution to the problem. The problem must be understood analytically 
(the part done in math recitation and continued for homework) as well as experimentally (the 
part done in and for the engineering class). The students, worked in small groups, created a 
solution as well as wrote a technical report and presented the problem and their solution to the 
class. The interactive nature of these problems, couched in engineering terms, is resulting in more 
student discussion of mathematics, a more interesting teaching experience for the instructors, 
and improved student performance. In the projects were included 130 students who showed 
better results in calculus and engineering course after participating in these three projects.   

In (Roedel et al., 2011) the authors also made analysis of the students’ achievements when the 
projects were included at their classes. The projects which are described in (Roedel et al., 2011) 
integrate coursework in English composition and rhetoric, calculus, freshman physics, and 
introductory engineering concepts. The first project consisted of the design and construction of a 
catapult. It coincides with instruction in kinematics in the physics course and functions in the 
calculus course. The second project is design and construction of a bungee-drop apparatus and it 
is planned for the students to use Newton's Laws, free body diagrams, and Euler's method of 
integration. The third project used the students' knowledge of rotational motion. The students 
are again provided with the Erecter sets and told to build a trebuchet by solving of Lagrange’s 
non-linear coupled equations for the trebuchet via Mathematica software. 
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There are many other examples of projects which can be included in the calculus courses. Many 
research papers are showing that the students have better achievements not only in calculus, but 
also in physics, engineering courses etc.   

In (Fox et al., 2017) it is described the development of a program of project-based learning in 
Calculus courses at a large urban research university. In that program, students developed 
research projects in consultation with a faculty advisor in their major and supervised by their 
calculus instructors. Students wrote up their projects in a prescribed format based on scientific 
publishing norms. These write-ups were used as part of the basis for their course grades, typically 
as replacements for their final exams. The authors concluded that this kind of project-based 
learning is better and more applicable for students who have obtained better results than during 
the classical method in learning.    

The purpose of the project-based learning is for students to see the real power of calculus to 
describe and explain the world around them. Because of that the project-based learning is 
suitable for STEM and STEAM programs. Well planned project-based plans and lessons help to the 
students to meet the STEAM programs easily. 

Project-based learning is often referred to as "21st century teaching". According to Vilotijević 
(2007), it is defined as a learning process based on independent activity of students in order to 
achieve their goal, and the obtained results are presented in written form.  

The process of mathematical modeling is mainly realized through project-based learning. The 
topics of the project are mostly taken from real life situations and should be related to the 
mathematical content. 

Basic stages (phases) of project based learning are (Vilotijević, 2007): 

• Project initiative; 

• Determining a topic for the project; 

• Formulation of the project goal; 

• Project planning; 

• Project elaboration; 

• Project implementation; 

• Project presentation; 

• Reflection on the project. 

 

In order to formulate the goal of project teaching, we must answer the following questions 
(Vilotijević, 2007): 
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• What do we want to achieve? 

• In what way, how will we achieve this? 

• What is the correlation with the teaching content? 

• What are the forms of work? 

• What are the sources of information? 

• How long will the project be completed? 

 

4.5.  Problem based learning 

It is obvious that the traditional lecture style approach to the teaching of mathematics has many 
limitations. Mathematics is often taught purely using the lecture format, which encourages 
passivity and subsequently, diminishes creativity in students. However, one of the most well-
known approaches to active learning in mathematics is a problem-based learning methodology. 

According to Vilotijević (2007), problem-based learning is based on independent research activity 
through which students, overcoming problem difficulties, find new solutions and adopt new 
truths. The task and the problem are not the same: 

"Something unknown makes the task a problem" 

Problem and project based learning are not the same. Problem based learning is included in 
project-based learning, but project based learning is a wider and longer process, a 
multidisciplinary one. Moreover, it is structured way of working. Problem-based learning is 
subject-related, while project-based learning is based on real-life problems and in mathematics 
with mathematical modeling. Both (problem and project based learning ) are considered "21st 
century education", because they promote 21st century skills: creativity. self-confidence, problem 
solving and cooperation.  

Therefore STEAM education is based on project based and problem based learning. 

The basic premise of problem-based learning is that learning starts from dealing with problems 
that arise from professional practice. Traditionally, education has been organized according to the 
logic of separate disciplines and subjects. However, because professional practice and individual 
learning processes do not follow such divisions, this has led to a widening gap between education 
and professional practice in the workplace (Poikela and Poikela 1997, Poikela 2003). 

Problem-based learning integrates many elements which are essential for effective, high quality 
learning, such as self-directed or autonomous learning, critical and reflective thinking skills, and 
the integration of disciplines, (Fatokun and Fatokun, 2013).   
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In the context of mathematics, problem-based learning approaches engage students in the 
thought-processes instrumental in solving mathematical problems and discovering multiple 
approaches and/or solutions (Roh 2003). By using of problem-based way of learning, students 
instead of attempting to find a single correct solution or answer, started to clarify problems, 
discern possible solutions and assess viable options. Consequently, mathematics educators are 
beginning to employ problem-based learning approaches in teaching mathematics at the tertiary 
level, including applying several innovative and creative methods, such as the use of digital 
learning tools to provide interactive contexts for exploring mathematical problems (Padmavathy 
2013, Triantafyllou 2013). 

The implementation of the problem-based learning in mathematics is a little complex and difficult 
because all the contents in mathematics have hierarchical structure. Those topics must be 
learned in certain order. If the students miss some essential parts in mathematical education, 
they will have serious problems when they learn later concepts. This hierarchical structure of the 
all courses in mathematics is a serious obstacle for implementation of the problem-based method 
of learning in entire content. But there is a certain lesson, chapters in calculus and generally in 
mathematics, when this kind of practical method can be implemented.   

From another side, the implementation of the problem-based learning in mathematics requires 
specific structure of the curriculum and books. The problem-based curriculum should be 
organized as a student-centered learning environment. In concrete terms, this means knowledge 
acquisition from books in the library and information seeking from the internet, the media and 
from professional experts in working life. It means that lessons and exercises in school are no 
longer causes of learning, but resources for learning, (Fatokun and Fatokun, 2013).   

The problem-based method of learning mathematics has many advantages. (Nilson 2010) lists the 
following learning outcomes that are associated with problem-based learning. A well-designed 
problem-based learning provides students with the opportunity to develop skills related to: 

• Working in teams. 

• Managing projects and holding leadership roles. 

• Oral and written communication. 

• Self-awareness and evaluation of group processes. 

• Working independently. 

• Critical thinking and analysis. 

• Explaining concepts. 

• Self-directed learning. 

• Applying course content to real-world examples. 
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• Researching and information literacy. 

• Problem solving across disciplines. 

The problem-based learning is based on a seven-step process where students are given a 
problem from the practice (Fukuzawa, 2019). They brainstorm a hypothesis and create learning 
outcomes, identify information that they need to solve the problem, determine individual tasks 
for each group member to independently gather information, discuss their individual research 
gathering, test the hypotheses using their shared information, repeat the process if necessary, 
produce a collaborative problem-based report (Bate et al. 2014). In problem-based learning, 
instructors act as facilitators that meet with each group to facilitate their discussions and 
supervise their investigative process. Problem based investigations are open-ended, so 
assessment is based on the process of investigation and not necessary on the solution (Fukuzawa, 
2019). 

 

 

(https://www.teachinganthropology.org/2019/03/09/how-do-we-prepare-our-students-for-a-
realistic-job-market-problem-based-learning/ downloaded 25.03.2021) 
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4.6.  Blended learning 

Introduction  

Blended learning is a teaching and a learning process that combine face-to- face instructions with 
computer-mediated instruction (Graham, 2013, Anthony 2020). Blended learning is the 
combination of different didactic approaches (cooperative learning, discovery learning expository, 
presentations, etc.) and delivery methods (personal communication, broadcasting, publishing, 
etc.) (Graham, 2013).  

Blended learning as a combination of distance learning and face-to-face learning in a computing 
environment has spread rapidly following the rapid growth of new education technologies. If the 
teacher and students are geographically separated, then we have distance learning while online 
or e-learning is being considered in a new technological environment. The condition for distance 
learning is a strong Internet and the "World Wide Web", and therefore it is online or e-learning. 
But face-to-face learning is also often applied in a computer environment (Anthony et all,  2020, 
Graham, 2013). 

The basic philosophy of online learning is to deliver the right materials, to the right people at the 
right time and in the right place in the right amount and in the right context using the most 
appropriate medium. Online learning is the way in which it is performed  and is based on the use 
of modern computer and communication technology, where special emphasis is placed on 
interactivity and adapting learning to the needs of the individual. Teaching materials processed 
through online learning require transformation in relation to teaching materials used in 
traditional teaching (Anthony et all,  2020, Graham, 2013). 

Online learning, in relation to different ways of presenting content, media format and content 
delivery methods, can be divided into two categories: asynchronous and synchronous. As their 
names suggest, these two categories of online learning are characterized by the nature of the 
interaction between teacher and student. In the asynchronous way of learning, the role of the 
teacher is static. The teacher posts information on a web page that the student can access at any 
time after that.  

The student and the teacher do not have to be online at the same time. The interaction between 
teachers and students comes down to, say, filling out workbooks by the student who then 
teaches to the teacher or to an online knowledge test whereby they are the results of the 
student's knowledge test are available only after the teacher reviews and evaluates the test. The 
interaction between the participants of the teaching process is done through e-mail, debate 
groups and forums and mentoring through asking questions and giving answers. Asynchronous 
learning respects individual differences students and allows students with greater prior 
knowledge to progress faster. This kind of work reduces costs and increases the economy of the 
teaching process. 

 A very important feature of asynchronous learning is that it allows complete actuality, because 
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old information can very quickly supplemented or replaced with new ones. In the synchronous 
way of learning, the teacher and the student interact directly. It's here feedback can be obtained 
on site. So, synchronous learning is a kind of  real time learning.  

All students who attend a certain course participate in the classes at the same time no matter 
where they are physically at that moment. This type of learning is realized through the Internet 
chat room, teleconferencing, video conferencing and audio conferencing. Chat rooms are used for 
sending and receiving primarily text messages, while in recent times a number of software tools 
that include not only text but also voice and video communication. 

The electronic board is still there one means of synchronous communication. It is an electronic 
version of the traditional writing and erasing boards that allow students in the virtual classroom 
to see what the teacher or other students write or draw. 

The main advantages of online learning are the following: 

• Time and space flexibility - students learn regardless of time and space, which makes 
education accessible to those who would not be able to come to the classroom (due to 
geographical distance or, say, health problems, pandemic situation). 

• Better interaction between students and teachers - computer-assisted communication is 
often more direct and intense, questions are asked more freely, without fear of the 
professor's authority. 

• Team work of students on joint projects, which develops social and communication skills, 
thus improving the constructive principles of learning. 

• Use of interactive learning content and various media (in addition to text, images, 
animation, simulation, video, etc.) for the presentation of content, as well as the 
availability of content 24 hours online. 

• Practical work with different technologies - not only information about what is being 
learned is gained, but also additional knowledge and skills about the use of different 
technologies. 

• Learning content can be tailored to individual students - for example, content can be 
added for those with a lower level of prior knowledge, as well as for advanced students 
who want to learn more (Anthony et all,  2020, Graham, 2013). 

 

Blended learning during the Covid 19 crisis  

In March 2020 the most of the European universities suddenly replaced their face to face learning 
with distance learning because of upcoming virus Covid19. The universities were closed. This 
transition varied by size, governance models, and disciplinary differences. Lot of faculties 
developed their own approach. Disciplines that require lab work, practical experience, and 
external collaboration were more difficult to be organized (Gaebel, 2021).  
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It is evident that lot of Universities (more than 80%) were accepted technology in education and 
on the eve of the crisis, most institutions (80%+) had online possibilities  to supports teachers on 
digitally enhanced  teaching (EUA 2020). At the beginning this emergency remote teaching had its 
shortcomings, but the students were almost satisfied. The learning process was improving and 
the obstacles encountered were slowly removed. 

In the fall of 2020, almost all (over the world) universities applied blended learning. It was 
necessary to adhere to the measure of physical distance and therefore only a very small number 
of students were allowed to attend face-to-face lectures. Most of the students were changing 
their way of learning each week, but there were students who applied distance learning all the 
time.  The teaching process had to be organized for all students. It was difficult but  it was 
continuously improving.  

 

Differences between online and face-to-face teaching and learning 
 

As for content, online learning is based more on materials (readings, videos, exercises, etc.) than 
on direct personal interactions (discussions, presentations, etc.). On the one hand, this offers the 
opportunity to integrate more media (video, images, audio, etc.), but teachers should produce or 
find good materials and be able to leverage on them; on the other hand, it requires students to 
be more autonomous in reading (meaning ‘reading’ all media). As for guidance, online learning 
relies on mediated communications, either synchronous or asynchronous. In both cases, 
indications from teachers should be spelled out very clearly and carefully, as progressive 
refinements through interactions are hardly possible. Again, students should be more 
autonomous in both understanding guidance indications and working with no micro-scaffolding. 
In light of the need for good communication and attempts to encourage more student autonomy, 
online teaching requires more careful design. Also, the design happens more before the course 
than during the course. This implies a different way of organizing the teacher’s work. If I were to 
name another point, I’d mention evaluation: finding fixes to conduct classic large-scale 
assessments (written exams, interviews) online is frustrating. Online evaluation and certification 
require re-thinking evaluation from scratch (e.g. including continuous evaluation or separating 
formative and summative evaluations), and in some cases, this also implies fine-tuning the course 
differently. 

There is such diversity in online teaching and learning practices and in face-to-face teaching and 
learning practices that it is difficult, and perhaps a little dangerous, to make sharp contrasts 
between them. Each is quite heterogeneous. For example, using a pre-recorded online lecture 
without a live connection to your students is very different from holding a live online class using 
videoconference or chat. Similarly, a one-to-one face-to-face tutorial is very different from giving 
a face-to-face lecture to a class with hundreds of students. With that caveat in mind, I would offer 
the following suggestions to university teachers who have had to adapt very quickly to teaching 
online: 
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• Try to open up extra communication channels so that you can (a) reliably get key messages 
to your students; (b) be very alert to what they need (e.g. what they are finding difficult 
about studying this way; what they need more or less of) and be sure to keep asking and 
listening because their needs, and their ability to articulate their needs, will evolve; and (c) 
make it easy for students to talk to each other, share experiences, tips, etc. (make at least 
one channel or chatroom private to the students – no teacher access). The underlying point 
here is that conventional face-to-face teaching arrangements often provide opportunities 
for communication (especially between students) that we, as teachers, do not always 
recognize and which may disappear with the move to online, e.g. students in face-to-face 
lectures tend to read subtle cues to get a sense of whether a new idea they are finding 
difficult is also proving difficult for their peers (e.g. ‘Is it just me who’s stupid, or is this idea 
really complicated?’). Students’ spontaneous conversations before and after class are an 
underappreciated strength of face-to-face/on campus education. They supplement the 
formal or overt curriculum. 

• Use this as an opportunity to shift further along the continuum from teacher/subject-
matter centered to student/activity-centered educational methods. Find ways of shifting 
your attention from (your) coverage of prescribed ‘content’ so that you can focus sharply 
on what your students are actually doing. Their activity is always the key to successful or 
unsuccessful learning (whether in face-to-face or online situations). In conventional face-to-
face lectures, students’ activity often consists of little more than taking notes and asking 
questions. It is actually easier to organize a much wider array of activities for them in a 
novel (online) situation than in well-established face-to-face teaching situations (where 
practices are engrained and harder to modify). But to do this sustainably, you have to think 
carefully about designing good tasks and ensuring that students understand what they are 
meant to do and why. In turn, this helps them become better at regulating their own 
learning activities. Moreover, while they are getting on with a task you have set for them, 
you can clear some time to think about the next tasks/activities. 

• Simplify; cut back expectations; help reduce anxiety. Students will simultaneously be having 
to adapt to new ways of teaching and learning and deal with all the logistical complications 
and emotional stress of the pandemic and its associated lock down. In familiar face-to-face 
teaching-learning situations, we rely on many barely-perceived supports, cues, prompts, 
etc. In other words, the physical world provides a variety of ‘structuring resources’ which 
are missed once they are gone. Lighten the load, ditch nonessential parts of the syllabus. 
You can always build things back up later, if you have over-simplified. 

 

The design of an online course is a strongly student-centred approach. The teacher role is more 
focused on facilitation and on the student support regarding competences development. The 
student role is to be the owner of his/her learning process and being more autonomous. Online 
learning allows self-paced learning and reflection. Learners can review the learning resources and 
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improve activities multiple times, and teachers can monitor their progress following all the 
process. It is more flexible. In this sense, a student-centred approach is more focused on 
evidence-based learning and continuous assessment. The face-to-face model is still too much 
teacher-centred. Another benefit of online learning as compared to face-to-face is the openness 
of the approach, searching, especially in this pandemic Covid-19 scenario, the opportunity of 
offering an effective education, regarding inclusiveness, ensuring every citizen has an opportunity 
to develop their talents and to feel part of a shared future. Complicated economic scenarios are 
coming; therefore, an online model that could cover training needs for all citizens should be ready 
to solve emerging and new problems. 

Having been involved in the design of online and distance learning for nearly 20 years, three key 
differences between face-to-face and online learning include (1) space and presence, (2) self-
presentation, and (3) interaction. 

Conceptions of space and social presence become salient as we shift modalities. Technology has a 
way of altering time and space, metaphorically compressing them. In face-to-face classrooms, 
teachers and learners are physically and temporally co-present (synchronous). In online learning, 
on the other hand, learners may be physically distant but temporally co-present (synchronous; 
audio or video conferencing), or they may be physically and temporally distant (asynchronous; 
ground mail, text messaging, text-based conferencing or pre-recorded audio or video sharing). 

The way in which we present ourselves when using different technologies may be vastly different. 
For example, when engaging in text-based communications, a learner may spend more time 
crafting and honing the quality of their written expression so as to appear more literate and/or 
knowledgeable. Similarly, when recording and editing a video presentation, a learner may spend 
time editing with a special emphasis on the characteristics they wish to convey—that of a techno-
wizard or a highly articulate speaker, for example. While asynchronous tools permit more 
flexibility in thinking and response time as well as time to craft one’s persona, synchronous 
technologies might allow a seemingly more authentic performance of self because it occurs in 
real time with less contrivance. Regardless, the more cues over time, the more accurately we can 
interpret others’ behaviours and identities. 

In absence of the conversations and behavioural cues we are used to in face-to-face classrooms, 
we look towards different interaction patterns online. As per Moore (1991), the main forms of 
interaction in distance learning include teacher-student, student-student, and student-content. 
Other researchers later added student-interface, content-content, teacher-teacher and teacher-
content interaction (e.g. Anderson 2003). Online teaching and learning require careful 
consideration for how technology(-ies) can facilitate the types of interaction we seek. 

 

What Makes Online Teaching and Learning Successful? 
 

From the point of view of the students, the most important things are accessibility (having the 
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proper devices/connection/software) and autonomy (i.e. ability to set goals, manage time, avoid 
distractions). But I think the focus here is on teachers, so I mention three designand teaching-
related elements: student-centred design, social activity and peer collaboration. 

Successful online learning requires student-centered design, i.e. carefully thinking about what 
students will actually have to do to learn. If we focus on content, we end up with poor and cheap 
video or multimedia production, which will not achieve its goal. If we focus on what learners will 
do, we put them in motion and have an opportunity to help them actually learn. Of course, 
among what students should do, we can include listening to a podcast, reading a text or watching 
a video. This entails conducting a proper task analysis, i.e. thinking to the practicalities. For 
example, we should avoid sending a 30-page text if students cannot easily print. We should also 
consider a program-wide perspective especially in this emergency: we should help students find a 
balance with their global situation—e.g. allowing flexible time or excluding 6 h in a row in 
videoconference. 

Successful online learning means not feeling alone and not forgetting that learning is social: we 
learn from others and with others, even if at a distance. The way a teacher can be present online 
is not talking to the camera during videoconference sessions but providing timely and accurate 
feedback, both on questions and as evaluations. Actually, online learning provides more 
opportunities to devote attention to the correction of individual work. And we know that 
individualized feedback is a powerful learning engine. 

For the same reason, a successful online course (especially if it spans over multiple weeks) 
promotes peer collaboration. Even at distance, students are not alone and have means to 
establish both formal and informal contacts. From the teacher perspective, this means 
stimulating collaboration such as through group assignments or perhaps by introducing peer-
teaching or peer-assessment. In today’s situation, collaboration may also help achieve a more 
stable personal balance. 

Ensuring success in online learning involves excellent communications skills, careful design and 
active involvement of the learners. Clear communication with students implies clarity over 
expectations – well explained tasks with well-explained rationales (what they need to do, and 
why you are asking them to do it). Listening carefully to what students are saying about their 
experiences, what is working well for them and what is not, is also an important part of good 
communication. Teachers should also dedicate a sufficient amount of time to careful design, 
through shifting their time ‘upstream’, as careful design pays off. Finally, they should allow for, 
and encourage, student co-design and/or co-configuration of learning activities and 
environments. Students will modify tasks teachers set for them and they will reconfigure learning 
environments, recommended tools and resources, working relationships etc. So, teachers must 
not assume that what they design and specify will be followed 100% by the students, and this is 
totally fine as students’ engagement in the design and execution of learning tasks functions 
positively towards their self-regulation. 
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I would like to draw upon here a project named FUTURA: Next Generation Pedagogy: IDEAS for 
Online and Blended Higher Education (Guàrdia et al. 2016). I led FUTURA 4 years ago, about the 
future of the universities taking in consideration the ICT advantages and the growing interest for 
blended and online models. More than a hundred successful cases, focus groups and interviews 
with online education and educational technologist experts were addressed. The contribution of 
the IDEAS framework was five signposts on the roadmap of innovative approaches to teaching, 
which point to next-generation pedagogy for blended and online educational models, as 
summarized below (Guàrdia and Maina 2018): 

• Intelligent pedagogy is an approach to teaching in which technology is used to enhance the 
learning experience. Examples include using learning analytics to support course leaders in 
curriculum design decisions as well as to help students manage their learning and the 
creative use of technologies such as virtual and augmented reality for learning and 
teaching. 

• Distributed pedagogy refers to shared or distributed ownership of different elements of the 
learning journey by different stakeholders in the process. It includes, at the one end of the 
spectrum, collaborative partnerships between institutions, and at the other, a deliberate 
separation of services to allow learners to select different aspects of their learning 
experience from a marketplace of potentially competing providers. 

• Engaging pedagogy is an approach to curriculum design and delivery in which learners are 
encouraged to actively participate in the learning process. Related practices include 
supporting students to develop portfolios that have relevance for them outside of the 
classroom, involving the learners in producing content both for peers and for the wider 
public. 

• Agile pedagogy refers to flexibility and customisation of the curriculum and the student 
experience. It includes personalised learning pathways and individualised support for 
learners, recognition of prior, non-formal learning achievements in order to widen 
participation and fast track learners through programmes, responsiveness of institutions 
and systems to learners’ needs, and support for virtual mobility of students and 
internationalisation of the curriculum. 

• Situated pedagogy encompasses the idea of contextualisation of learning and emphasises 
the need for curricula with real-world relevance. It expands workrelated learning 
opportunities for students and supports them in identifying and addressing big issues in 
industry, government and society through projectand problem-based learning. In situated 
pedagogy, learning and assessment are contextualised according to students’ professional 
and personal goals. 

 

There are a variety of ways in which instructors can help make the online learning experience 
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more satisfying and effective: (1) effective planning, (2) learner preparation, and (3) enhanced 
interaction. To start, effective planning includes chunking and pacing content, designing a 
schedule of assignment due dates and setting a regular schedule for activities. It is advisable to 
acquire some knowledge of the learners’ needs, aptitudes and abilities. Hosting a welcome forum 
or activity can help instructors get to know the learners and help the class establish rapport. 
Keeping in mind the different possible types of interaction, an instructor can consider in advance 
how learners will interact with, say, a reading, a video or a podcast. Drawing upon their 
knowledge of the learners’ needs and aptitudes, the instructor can construct guiding questions 
and discussion prompts to encourage probing, interrogating, critiquing and relating to content 
and other learners. 

Learner preparation refers to learners preparing themselves to engage in online learning. A week 
or two prior to the start date, an instructor can send a welcome message indicating the structure 
of the course, types of assignments, tips for success and some indicators as to the metacognitive 
and self-regulation skills needed (such as levels of autonomy and/or participation). Once the 
learners know what to expect and feel comfortable, it is possible to facilitate the development of 
strong, positive relationships with others in online settings (Henderson and Gilding 2004). Online, 
the challenge for learners and instructors becomes one of noticing and interpreting cues in order 
to get to know others. Accessing more cues can be done through the use of rich media, 
synchronous interaction or frequency of interaction. However, there is a tradeoff: opportunities 
to interact through rich media and high frequency interaction may reduce flexibility and require 
greater bandwidth—both of which may create accessibility challenges for some learners. 

 

Use of technology 

Videoconference is another key ingredient in online learning—and we are lucky that video 
conferencing today is so affordable and accessible! Teaching through video conferencing is 
actually very challenging, as changing media means changing the communication patterns, and 
good teachers are most often poor video actors. In video conferencing, we have a poor attention 
curve, interactions are slow, there are many distractors (we are not ‘at school’), and the overall 
timing should be different in order to be effective. 

Video conferencing can be a powerful tool to engage in prepared live interaction situations (Q&A, 
feedback, project reviews, etc.) but can hardly replace classroom teaching when this means 
lecturing. It is actually more flexible than being in class: we can have short sessions with small 
groups (e.g. for project review), talk for a few minutes with one student who has a question or 
ask students to work in groups, etc., but it is hardly effective with a larger group for longer 
periods.If by ‘tools-based approach’ you mean online as entirely through ‘live teaching’, then I 
think the danger is that teaching staff will burn out, students will be overloaded and opportunities 
will be missed for students to engage in valuable learning activities (synchronous, asynchronous, 
online, offline) that do not need a strong/live teacher presence. In other words, (combining 
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questions 3 and 4) I think there is strong evidence to say that students benefit from a mix of 
activities—some of which depend on live teaching and teacher-led discussion and some of which 
do not need a live teacher presence—set tasks, using pre-prepared materials and/or student-
generated materials, etc. 

Well, this is a big challenge! Very often, institutions and educators start thinking on the tool first 
rather on the pedagogical issues. Tools are changing very fast, so if we are able to identify the 
pedagogical needs, the innovation opportunities, the quality issues required, the social demands 
and the advantages of the use of ICT, then, it does not matter which tool we will use to achieve all 
these aspects. The challenge is not their use in itself but that the pedagogical purpose should be 
justified identifying its benefits. 

For instructors taking a tools-based approach to online learning, the major concerns would 
include cost, privacy, computer requirements and necessary bandwidth. Some tools with free 
options, such as Zoom, have recently experienced a surge in popularity as the Covid-19 pandemic 
spread across the globe. Zoom is also currently in the news for privacy concerns (Hodge 2020) 
ranging from hacker intrusions (‘Zoom-bombings’) to information sharing with social media 
platforms and third-party analytics engines. It is, therefore, important to examine the business 
model of the tools. A ‘free’ tool, for example, may generate income through advertisement or 
sharing user data. 

Depending on the tools selected, learners may also need to install software which may require 
varying amounts of bandwidth and hardware/software configurations as well as changes in 
security permissions to allow the software to operate (i.e. allowing access to files, cameras and 
microphones). Large downloads may be costly in locations where data fees are high. Canada, for 
example, has among the highest data rates in the world for mobile devices (Geist 2019). Because 
of the pandemic, learners cannot simply go to the local library or other public place to use free 
Internet service. 

 

 Monitoring Students’ activities during Online Courses 

One way is controlling the data on students’ activities in the Learning Management System (LMS) 
used—the so-called learning analytics. While there is a vast literature on this, for a teacher, this 
means identifying key indicators and setting up a way to control them (most LMSs have tools for 
this). Key indicators can be downloading a text, posting to a forum, accessing the course at least 
once a week, etc. If these indicators are properly defined and communicated to students, they (or 
part of them) can be part of the evaluation (as elements of a continuing evaluation system, see 
above). 

Of course, the analytics provide just formal insights—useful but not complete (even if more 
accurate and detailed than attendance sheets in class). Another monitoring element is the quality 
of students’ contributions. If a teacher plans specific moments of interaction (e.g. on a forum) 
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s/he can assess the quality of students posts in terms of length, relevance, originality, etc. These 
elements as well can be communicated and can become part of the evaluation. 

It is important to monitor learner progress. Simple learning analytics data/traces (log ins, number 
and frequency of online contributions, etc.) can be very helpful in alerting you to students who 
are in danger of dropping out, getting lost, etc. If an instructor is designing sequences of tasks for 
students to engage in (individually, in groups or teams, etc.) then that, by its nature, provides you 
with another window into student engagement. An instructor can also ask learners to comment 
on course and task designs, resources available, quality of infrastructure and tools; this helps the 
instructor to fine-tune what is being offering, and it helps the learners get better at judging what 
they need. It also strengthens the relationship between teacher and students. Look at some of 
the core ideas in the ‘students as partners’ area for further inspiration. 

The use of ICT can add value to the assessment process, both for teachers and students. Its use 
facilitates more continuous monitoring of learning experiences and processes. The management 
of personalized qualitative feedback, automatic feedback for receiving immediate responses, the 
use of diversified instruments and strategies of assessment (self, peer and group assessment), 
collecting data generated by the system and informing about the learning process is very useful 
for teachers and students, as learning analytics strategy, to support and scaffold learning at any 
time… so, these are some examples of the benefits of online assessment approach. 

Using e-Assessment to enhance student learning and evidence learning outcomes is very 
challenging. ICT has affected how curricula might be designed and delivered through an online 
environment, but new approaches to assessment are still needed. User-centred approaches to 
assessment involving authentic assessment tasks should be implemented. In this sense, 
technology is progressing quite fast and supporting simulations, virtual and augmented reality, 
and making easier the use of ICT for teachers and students (Crisp, Guàrdia and Hillier 2016). 

Continuous assessment is a key issue in an online education model. Collecting information 
through all the learning process is crucial and should be done presenting evidence (artefacts, 
pieces of work, explanations of experiences, reflections about student practices, challenges and 
achievements). This evidence can be measured using competence performance criteria displayed 
through different kind of instruments. The use of ePortfolios, for example, is one of the strategies 
that is highly recommended for online education. It allows the students to collect evidence of 
their learning and reflect about them and the teacher to facilitate the monitoring of the process. 

Active instructor presence  and  ongoing communication provides the  learners with a sense of 
interaction and relationship in online learning. Regularly monitoring and participating in 
discussion forums and synchronous discussions can also help the instructor assess 
comprehension and performance. Indeed, log files in learning management systems can be useful 
in  determining  course  access rates, frequency and duration of interaction with particular 
content and course tools and assignment submissions. When a student is inactive, or lagging 
behind, an instructor can send an email or make a phone call to open communications about time 
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management, misunderstandings and comprehension of course content and processes. 

 

4.7. Mathematics in the STEAM education 

The achievements in teaching and learning mathematics, at all levels, can be raised if 
students realize mathematics as necessary for solving different problem-based tasks and real life 
situations. This way of studding mathematics integrates science, technology and engineering with 
mathematics and is known as STEM education. If the art is also integrated with other disciplines, 
we know it as STEAM education. In the basis of STEAM there are the key elements for guiding 
student inquiry, dialogue, and critical thinking. The STEAM as a modern teaching approach in 21st 
century wants to provide future engineers, developers, scientist who will be able to solve 
problems, to become future creators of the technology and the future generally. Students who 
participate in STEAM learning:  

• think outside the box; 

• feel safe to express innovative and creative ideas; 

• feel comfortable doing hands-on learning; 

• take ownership over their learning; 

• work collaboratively with others; 

• understand the ways that science, mathematics, the arts, and technology work together; 

• become increasingly curious about the world around them and feel empowered to change 
it for the better. 

Oliveros-Ruiz, ( 2019)  has shown that the STEAM is a useful tool to encourage student to enroll 
engineering studies. Also, in this paper the author showed that the STEAM learning at the faculty 
provides gender balance at some engineering study programmes. In (Kang, 2019) are presented 
the effects of the STEAM initiative at the engineering studies in three aspects: teacher 
development in STEAM, meta-analysis of STEAM impact on student learning, and students’ 
perceptions of STEAM lessons. 

Teaching and understanding mathematics is an important part of each STEAM program. Studying 
mathematics includes contents which are pure math, not integrated with any other discipline, but 
for the STEAM students, mathematics should be integrated with engineering and technology, so 
students can see the application of mathematics in the real life. Teaching mathematics in STEAM 
education can be done more successful using technology and different digital resources, as well 
as appropriate software. It will be much easier if there is additional help for the teachers in the 
form of curriculums and appropriate instructions how to use different technology tools.  The 
Covid-19 pandemic has increased the need of using such resources in the process of whole 
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education, not only STEAM.  

The competencies which are indivisible part of the mathematical literacy include knowledge of 
mathematical concepts, ability for monitoring and evaluating mathematical arguments, setting up 
mathematical problems, choice of mathematical model for representing some mathematical 
situation. To be mathematically literate that means that someone has ability to apply the 
mathematical knowledge in real-life situations. The applications of mathematical knowledge in 
new and unfamiliar circumstances today are increasingly emphasized as the main aim of 
mathematics education. Anyone who knows the art of mathematical formulas and solve abstract 
mathematical tasks, and does not know to solve the problem-based situation which requires the 
application of mathematical knowledge and skills outside the school context, did not reach the 
level of mathematical literacy (see I. Misurac at all, 2012). Instead of the content of too big 
material in math curricula, the accent should be put more on the processes of learning 
mathematics. 

Teachers who teach mathematics in STEAM program, in the process of education should offer 
students appropriate problems related to their future carrier, which apply mathematics to be 
solved. That is challenging which will help students in realizing the importance of mathematics in 
their education, and also attracts students to learn and love mathematics. This way of teaching 
mathematics and science can help students to develop creativity, reasoning and problem-solving 
skills that align with the goals of STEAM programs.  

The achievements in the industry, technology, and society in general, depend of ideas and skills 
that will influence and control the modern needs and flows. The developed technology and the 
availability of information can contribute in exchanging experiences at interested parties, as well 
as STEAM teachers and students. Business leaders look for employees who not only possess 
knowledge and skills in STEAM fields, but also can work together to find creative solutions to 
complex problems (National Academy of Engineering & National Research Council, 2014; PCAST, 
2010).  

In the process of implementation of this new STEAM approach in the education, much attention 
was paid on school education. The National Council of Teachers of Mathematics NCTM has 
described appropriate mathematical content and processes for grades K–12 in Principles and 
Standards for School Mathematics (2000). The standards describe a strong, balanced, 
comprehensive foundation in mathematical knowledge, thinking, and skills that is reflected in 
mathematics standards from across the states. Essentially every state includes attention to the 
kind of mathematical thinking, processes, and practices that students should develop as part of 
their balanced mathematics experience. Thus, there should be strong professional guidance, as 
well as policy direction, for the mathematics that should be taught at each grade level.  

But, for the academic level, an appropriate curriculum, instructions, materials and tools for 
teaching mathematics for STEAM students, in many countries cannot be find easily.  The work in 
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the frame of this project has an aim to contribute for enriching such resources and contribute in 
the development and improvement of STEAM education.    

Furthermore, as a result of the pandemic, the educational process has moved from classrooms to 
homes, thus STEAM teachers need more digital tools and skills. Such tools were available, but 
there was lack of instructions and training for using them. Technical and instructional support for 
the teachers will never be enough to modernize the teaching process, especially nowadays, 
because the pandemic has imposed that as necessary. Digital tools are very useful not only for the 
teachers, but for the students, too, because such tools can also help students in their creativity 
and expand their thinking about problem solving, expand their critical thinking.  

 
6. Analysis report on state of art in using technologies to support 

teaching in Mathematics before and during Covid-19 crisis at 
partners’ Universities 

 

6.1. Analysis report - University of Novi Sad 

 

University of Novi Sad during Covid 19 crisis 

University of Novi Sad  is one of the largest  educational and research centers in Central Europe, 
located in Vojvodina in four historic cities Novi Sad, Sombor, Subotica and Zrenjanin. It is a 
modern university with 14 faculties and about 50,000 students and 5,000 employees. Most 
students are STEAM students. The University of Novi Sad has a well-developed research 
infrastructure and great potential for innovation. Scientific potential of UNS are libraries 
laboratories, research centers and knowledge transfer. 
(https://www.uns.ac.rs/index.php/en/university/o-univerzitetu-e/information). 

The last twelve months have brought us unexpected challenges and one big educational 
experiment along with all other aspects of the „new normal“. 

With the outbreak of COVID-19 the government of the Republic of Serbia proclaimed a state-wide 
lock-down of Serbia on 16 March 2020, so all the universities in Serbia, including the University of 
Novi Sad, had to switch to online learning strategies in a matter of days in order to successfully 
complete the summer semester of the academic year 2019/20 and to move on into the academic 
year 2020/21. 

 

Case study: Faculty of Sciences of the University of Novi Sad 
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About the Faculty of Sciences, University of Novi Sad 

 

Faculty of Sciences of the University of Novi Sad is a higher education institution offering about 50 
study programs at the bachelor, master and doctoral level. With around 600 employees and 
around 6000 students Faculty of Sciences is the second largest faculty at the University of Novi 
Sad. Over the past 50 years, Faculty of Sciences has earned the reputation of one of the leading 
higher education institutions at the University of Novi Sad based on the results achieved in 
education and research. 

Faculty of Sciences has been a credible partner for years, involved in national and international 
research and innovation projects. The competence of researchers from the Faculty of Sciences 
has also been proven by the fact that among the thirty most highly cited researchers from the 
territory of Vojvodina, up to 20 professors and their associates are from the Faculty of Sciences. 
One of the main priorities of the Faculty of Sciences is to attract external financing through 
participation in international projects in order to achieve a long-term sustainability and maintain 
excellent scientific results. Over the past five years, the Faculty of Sciences has realized over 60 
international projects, and 16 of them are being implemented at the moment. 

Faculty of Sciences has been involved in European and global programs of academic mobility and 
exchange at all levels. By strategically supporting mobility, Faculty raises competences of its 
teaching staff and students, who are competitive, multiculturally aware and more capable to 
cope within an increasingly demanding arena of higher education in Europe and the world. 

 

Measures taken 

Faculty of Sciences of the University of Novi Sad is a higher education institution with active 
research in the field of e-learning so at the time of COVID-19 outbreak we have already had 
significant e-learning infrastructure based on the Moodle LMS (more than 5800 active users and 
more than 950 active courses). 

With the entire country in lock-down Faculty of Sciences moved to Moodle as the primary 
educational platform with teachers posting their teaching materials and video lectures, and 
greatly benefiting from Moodle’s elaborate grading and testing facilities. 

The Moodle LMS had already been integrated into the digital services of the Faculty of Sciences 
with institutional access provided to all the the teachers and students of the Faculty. As the 
coordinator of the Erasmus+ project Public Policy Making and Analysis (PPMA), Faculty of 
Sciences had acquired institutional access to Cisco Webex video-conferencing software which 
integrates easily with Moodle. We have thus provided an integrated solution for teachers and 
students. This enabled us to be up and running within a week from the outbreak. 
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Our Moodle platform is used by all members of the teaching staff and students at all study levels. 
Currently we have 5844 users and 961 courses. Average number of participants per course is 
31.96. In total we created 26,277 posts, 398,491 questions, and 13,246 resources. In 2020 the 
administrators have registered 1.041.635 unique visits to the Moodle LMS (a 1.8% increase in 
comparison to 2019). Alltogether 14.648.093 downloads were made (a 46.3% increase in 
comparison to 2019) and 117.666 searches were made (a 0.4% increase in comparison to 2019). 
The data are summarized in the table and charts below: 

  2019 2020 y/y 

Users 5747 5844 101,69% 

Searches 117197 117666 100,40% 

Visits 1023217 1041635 101,80% 

Downloads 10012367 14648093 146,30% 
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The fact that the number of users, searches or visits has not changed significantly demonstrates 
that both the teachers and the students of the Faculty of Sciences were relying on the Moodle 
LMS even before the outbreak. However, the fact that the number of downloads has increased 
significantly suggests that before the outbreak a significant number of teachers was not relying to 
distributing teaching materials via Moodle. 

The number of users that logged in from a mobile device has seen an increase of 46.2%. Overall, 
45.1% logins were made from desktop computers, while 51.8% logins were made from mobile 
devices. 
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In order to support the increase of the online activity Faculty of Sciences purchased a new server 
with 40 CPUs and 512 GB of RAM and integrated it into the existing cluster. We also purchased 30 
new hard disks to increase the capacity of our backup servers and invested roughly 2000 EUR in 
expanding the network infrastructure of the Faculty. 

From the administrative point of view, the physical contacts between the students and the 
administration of the Faculty were reduced to the minimum by relying on the Student portal 
platform developed by the Faculty of Sciences (Information Systems Development Laboratory) 
which implements all the relevant administrative processes. 

Achieving learning outcomes 

One of the principal challenges the teaching staff encountered during the pandemic was not how 
to deliver the lectures, but how to ensure the achievement of learning outcomes. For 
undergraduate courses the teaching was organized using several hybrid models. 

1. Teaching offline. In this model the teacher would prepare the video-material for the 
lectures and make it available to the students along with the accompanying teaching 
material. This gives the advantage to the students who were unable to attend the lecture 
to take the lecture at their pace. 

2. Teaching online in real time. In this model the teacher would deliver the lecture from 
home or office, while the students would be required to attend the lecture in real time. 
This gives both the teachers and the students the advantage of real-time interaction. 
Teachers would, then, make the lectures and/or the accompanying teaching material 
available via the Moodle LMS. 

Faculty of Sciences Moodle LMS
Access by device type

Desktop computers Mobile devices Other devices
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3. Teaching in real time with online coverage. In this model the teacher would deliver 
lectures/exercises in the classroom with online coverage, and the students were given the 
opportunity to choose between taking the lectures in the classroom or online. After the 
lecture the accompanying teaching material would be available via the Moodle LMS. 

The examinations were also organized using several models. 

1. Paper-and-pen examinations were the predominant examination model. The students 
would be split into several smaller groups and take the examination in the classical 
fashion, taking care of all the epidemiological precautions. 

2. Online examinations were rare and took place mostly in cases where the final examination 
consisted of submitting and defending a project. 

3. Oral examinations were also very rare. Students would get a strict schedule of the 
examination which would ensure that there are never more than 8 students + a teacher 
and a teaching assistant in the room. 

The variety of models employed and with all the recommendations of the medical authorities 
implemented, Faculty of Sciences managed to ensure the meaningfulness and legitimacy of the 
teaching and the evaluation process. The Faculty has, thus, successfully concluded the previous 
academic year and embarked into the current academic year with much more experience and 
much more confidence. 

Challenges encountered 

Because of its importance our Moodle platform is subject to aggressive backup policies (regular 
hourly, daily and weekly backups) which presented a nontrivial challenge to our backup servers. 
We have thus had to move to a less satisfying solution where the video material is not stored 
within the Moodle storage, but on a separate server for which the backup policies are less strict. 

We would also like to stress that no additional financial or organizational resources were 
allocated to this endeavor by the Ministry of Education of the Republic of Serbia. The entire 
expansion of the services and infrastructure was financed using the internal financial resources of 
the the Faculty of Sciences. 

Another challenge we (as a state-owned higher educational institution where the number of 
employees is strictly regulated by the respective ministry) were not able to solve is the fact that 
we have only one person in charge of the maintenance of the e-learning platform, and only three 
employees in charge of the hardware infrastructure. 

Conclusion 

After the outbreak of the COVID-19 crisis, new and creative approaches in education systems had 
to be found to deal with the situation. Despite the negative consequences, this led to a variety of 
innovative educational measures useful also for the future.  
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The key lecture learnt during the pandemic is that in the 21st century it is of growing importance 
for the educational systems to be elastic and to allow for the effective blend of traditional 
teaching and distance learning. This will not only allow the institutions to adapt to the extreme 
extraordinary circumstances, but also ensure equal access to education with the emphasis to 
disadvantaged groups. 

Serbia is does not into the group of the most developed countries and in spite of that we were 
able to set up a satisfactory solution within a week. The solution we have come up with is not 
highly inventive or surprising, but that is what makes it highly transferable. 

With the ongoing experience of COVID-19 we believe that EU should start working on separate 
plans to strengthen policies and support practices in distance learning and e-learning since it has 
now become clear to all the stakeholders that the digital transformation of education requires a 
complete change in the way we think about education, and not only the technological transition 
to distance learning. 

 

Distance learning  at Faculty of Technology UNS, Novi Sad 

The first case of infection with covid 19 was registered in Serbia on March 6. Shortly afterwards, 
on March 16, a state of emergency was imposed. All educational institutions stopped learning 
face to face and switched to online teaching, which included various variants in that sense. Then 
is the second semester of the academic year 2019-2020 just started and the necessary changes 
had to be made very quickly. For primary and secondary school, the Ministry of Education, 
Science and Technological Development organized the recording and broadcasting of school 
classes on national television, while higher education was given autonomy in that field. It was 
necessary to devise how to best present the subject of study to the students. 

Multivariable Calculus on Moodle platform 

The transition to the online system of teaching involved several steps, the first and most 
important one being the creation of an online platform where the teachers could upload the 
course materials and interact with the students. We already had such a platform, Moodle and its 
improved version, Sova platform.  
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 University of Novi Sad SOVA platform 

 

Moodle was created respecting pedagogical principles. It is an educational software, which allows 
easy creation, modification and management of online courses, as well as easy access to content, 
regardless of time and location, with excellent documentation and support for installation, 
development and final use. The purpose of Moodle can be seen as an addition to traditional 
classroom teaching, but also for creating dynamic online learning communities, as well as for 
creating a large number of courses in a single system. Moodle can be used in combination with 
traditional blended learning, for course planning - activity schedule, calendar management of 
users, user roles and user groups on the course, work with existing files and educational content, 
knowledge testing and assessment, monitoring student activities, use of various communication 
and collaboration tools. The great popularity of this tool is mostly based on a very simple and fast 
installation, low requirements for the resources of the computer on which it runs, easy 
integration into existing systems and a pleasant and intuitive working environment even for 
beginners with little or no experience working with similar applications. This tool very quickly 
gained great popularity with teachers due to their pedagogical foundations and great adaptation 
to the academic environment (Anthony et al 2020). 
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So, at the Faculty of Technology, University of Novi Sad, we organized classes through the Sova 
platform on which most professors posted pdf presentations of lectures and exercises. Some 
professors gave lectures through Zoom. Everyone managed in their own way. It was something 
completely new for everyone. Prior to the covid 19 pandemic, Calculus (Mathematical Analysis) 
and Multivalued Calculus material (textbook, collection of assignments, assignments from 
previous exams) was posted on the Moodle platform through which we communicated with 
students regarding registration for the tests and possibly some questions regarding lessons.  

That needed to be improved. In the second semester, students study Multrivariable Calculus, so 
we set up lecture presentations and gave students instructions on how to do the assignments 
from the exercises on Sova (https://sova.uns.ac.rs/) (Figure 6). We also found appropriate video 
lessons from youtube and posted them so that students could learn the material as easily as 
possible (Figure 7). However the interactivity was missing, we presented the problems and the 
solutions but students could not answer questions. At the end of the second semester, the 
situation with the pandemic improved, so we organized a regular June, August, September and 
October exams period at the Faculty. Although it seemed to us that the response of students in 
that initial period of online teaching was not the best, the results on the exam showed the 
opposite. Passing the exam was almost like in previous years, only a shade weaker. 

 
Material from Youtube for Multivariable Calculus 

 

The winter semester of the academic year 2020-2021 began with intensified preventive measures 
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against covid infection. In the first semester, students study Calculus. We recorded the lessons 
and published them to the students at Sova platform, so that they could listen to them multiple 
times if necessary. Since Mathematics is studied at the Faculty of Technology in the first year of 
study, the idea was to enable first-year students in particular to come to the faculty, to get to 
know the professors and feel the student life. Therefore, for the exercises, the students were 
divided into more groups than usual, because there is a limited number of people who can stay 
indoors, and we held classes face to face until December 1. Then there was a drastic increase in 
the number of infected and the Faculty made the decision to completely switch to online 
teaching. 

To solve the problem of interactivity, we switched to the Microsoft Teams platform. Microsoft 
introduced the Tims service on March 14, 2017. It is a universal communication and collaboration 
platform that combines instant messaging between collaborators, video meetings, data 
warehousing, and application integration. The service is integrated with the Office 365 package 
and a necessary extension that can be integrated with non-Microsoft products. Education Teams 
allow administrators and teachers to form separate teams for classes, professional learning 
communities… Microsoft Teams allows teachers to distribute, provide feedback, and grade 
student assignments submitted through the Teams using the Tasks tab. Quizzes can also be given 
to students. 

 
Exercises from Calculus using a graphics board 
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While we are lecturing on Teams, students can ask questions and comments in the chat or live 
section. As we teach, we write on a graphics board, which we share so that students see it and 
feel like they are in a standard class (Figure 8). It also possible to include interactive documents, 
like as .ggb  (Geogebra document)… Screen sharing also make possible the interaction with the 
students own work and allows for the necessary feedback. By teaching through the Teams (Figure 
9), we have the opportunity to get an attendance list of students. We only did not evaluate online 
students, because so far all exam deadlines could be held live with a minimum number of people 
in amphitheaters and classrooms and maximum protection measures against covid. If necessary, 
we will evaluate students online, which is possible through the Teams and Sova platforms. 

 
Online live lecture via the Teams platform 

 

This year, we noticed a low pass rate on the Calculus exam, in regular January exam. The 
assumption is that first-year students are not yet aware of how much they need to learn 
independently and pay attention to the lessons material. The important conclusion is that we 
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need time as well as experience to improve the online teaching. 

 

6.2. Analysis report - Goce Delcev University 

 

GDU before the Covid-19 pandemic 

Goce Delcev University since its constitution, not so far 2007 year, has emphasized the 
digitalization in the process of education. Its development of the infrastructure for 
implementation of digital resources started from its beginning. The University has started to 
invest continuously in computer technology, information systems and appropriate software for 
modern education process. Our students have many opportunities for electronic realization of 
their obligations and works, for the education process and for administrative things. Goce Delcev 
University disposes with many e-platforms which facilitate the educational process for students 
and professors at the same time.  

Students have possibilities to do all the administrative works like registration for exams, 
registration of semesters, obtaining a document for full-time student, obtaining a document for 
passed exams etc., via system e-index, from their computers at home.   

All the presentations, lectures and materials from classes are put at the platform e-learning, 
where separate courses for each subject are created and organized in weeks. The professors 
attach the materials of those subjects and the students can use them for studying, free of charge. 
Also, e-learning platform has many other opportunities for students and teachers, forums for 
questions and communication, quizzes, evaluation of their assignments, homework, projects etc. 
News forum is included at every course, and all the announcements, results from exams and 
information that are published at the e-learning course, are received in the students’ email. So, 
the students are continuously informed for all activities for each subject in the study program. 

All publications of the teaching staff of GDU, like books, handbooks, workbooks, and other 
materials for studying are attached on the platform e-library where the students from our 
university can enroll and download for free the material they need.  

These educational platforms as e-index, e-library, and e-learning were very useful for distance 
learning before the pandemic, but with the start of the pandemic their importance has increased. 
Together with Microsoft Teams, which provides video lectures, such e-platforms became basis for 
continuation of the education in the pandemic conditions.  

It can be concluded that Goce Delcev University has developed system for distance learning and 
continuous teaching in conditions when the students and the teachers’ physical presence in 
classroom is not possible, like nowadays in the pandemic. The implementation of modern digital 
technology is permanent process at our university, so the system for distance learning is 
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improving constantly in order to response of the nowadays challenges.   

Besides all digital resources, before the Covid-19 pandemic, the education process at GDU, as well 
as at the most other universities, has been realized in classrooms, with a physical presence of 
students. The lectures and the exercises were hold in a classroom or an amphitheater. The exams 
were also hold in an amphitheater or a classroom, in a classical way: the students were given 
questions and tasks, which they solved on paper. The teacher was present in the same classroom 
with students during the exam and the teacher supervised the work of students. At the end of the 
exam, the teachers get the tests and reviewed them. The oral exams were held in a classroom 
and amphitheater, too, where the student answered the exam questions on a board. The 
consultations and the debates between the teacher and his students were again face to face in a 
classroom. At GDU, all the process of education was in a similar way as over the world. The 
physical presence of the students in each moment of their study at GDU was irreplaceable. Some 
teachers used the opportunity provided by e-learning platform to test students through quizzes – 
a form of digital evaluation of students’ knowledge.  

Thus, even in the period before the pandemic, the students at GDU had the opportunity to use 
digital resources and learn from digital materials, which was advantage for them. But, the 
pandemic of Covid-19 was a reason for a big step towards digitalization for GDU as well as 
education generally, even though many things at GDU had already been digitized. According to 
the conditions that pandemic had set up, educational process of the UGD has been changed.  

 

Calculus courses in Stip 

The calculus courses at the Goce Delcev University are included in all study programs at the 
technical and natural faculties. Usually, the calculus courses are put in the first year in both 
semesters. Calculus 1 (Mathematics 1) and Calculus 2 (Mathematics 2) have identical or similar 
contents at all faculties. Calculus 1 covered the content from series, functions and differential 
calculus. Calculus 2 covered the integral calculus, series, and differential equations. The teaching 
process in normal circumstances is organized in classical way with lectures, auditory exercises, 
and exercises in laboratory. At the lectures and auditory exercises which are held in classrooms, 
the teachers usually explain the basic concepts on the blackboards; they solve examples of those 
concepts with active participation of the students. At the laboratory exercises the assistants 
usually work at practical examples with the students. At these classes, the students work 
individually or in teams. The practical problems are usually chosen in accordance with their study 
programs: engineering problems, problems from physics, geology, transport, logistics and 
problems in computer science, etc. Students also have opportunities to use some sophisticated 
software like Mathematica, Matlab, Maple, etc.   

But in the pandemic conditions when all the lectures and exercises are held via the e-platforms, 
the teachers use all the possibilities of the technology to provide presentations, videos and 
tutorials for the students. The teaching process of the Calculus courses continued at the Microsoft 
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Teams Platform, but most of the time at the old traditional way. Teachers have presentations and 
talks but extended with videos and simulation. At the classes for auditory exercises the assistants 
and professors solved examples at the smart pen table (whiteboard) connected with Microsoft 
whiteboard application, in order to explain the procedure of calculation. But, for the laboratory 
exercises, professors define some projects from the real-life and the students do them individual 
or in teams. In this way we can say that during the pandemic, the project-based learning, 
problem-based learning, mathematical modeling, and simulation are more presented than before 
the pandemic, when the teaching process was at the faculties with physical presence. So, these 
new conditions which appear because of the pandemic were reason for changing our point of 
view for the teaching process. All professors at our university concluded that we have many 
possibilities which can be used in normal conditions also. So, after the pandemic we think that the 
teaching calculus at our university will be realized in a new modern way by using all the resources 
which we have used during the pandemic. The more practical methods which we are using now at 
calculus classes will be more applied after the pandemic, when we are planning to come back in 
the classrooms.  

 

STEAM at Goce Delcev University 

STEAM as a new modern approach in the education is not much included at the technical faculties 
at Goce Delcev University. Although, it is shown through many papers that the STEAM approach is 
very good for the students and for the teachers at the same time, the curricula at Goce Delcev 
University are not yet adapted for this kind of learning. The learning of mathematics, engineering 
courses and other sciences is still organized separately. The University disposes with laboratories, 
technology and required software for STEAM learning, but the STEAM learning is used only for 
studying particular themes in the subjects. It can be said that the STEAM at the technical sciences 
is only deduced to learning via projects and problem solving. On this way the students used to 
apply mathematics in order to solve some problems in the other subjects. In literal sense, STEAM 
is not incorporated in curricula. The subjects’ content is still planned in the old traditional way, 
according to the skills and competencies which need to be accomplished after finishing the 
studies. But the way of teaching is not strict determined. Each professor and assistant has a 
maximal freedom in the way of realization of the classes and exams. So, some of the professors 
are using all the possibilities of the STEAM methodology at their classes using modern methods as 
problem based, project based and mathematical modeling. Also, the students have many projects 
for individual or group realization in which they can use the STEAM methodology in order to solve 
different problems in different areas, with help of modern digital technologies and software. Also, 
it must be noticed that in nowadays of pandemic according to the new situation, when all the 
classes are organized online at the Microsoft Teams the STEAM approach is more presented. 
Because of the different environment for the teaching process and because of the technologies 
which is offered to the students and teachers the STEAM can be easily included at the classes.  
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 GDU during the Covid-19 pandemic 

GDU as a serious university, at the beginning of the pandemic was looking for the best ways to 
continue the teaching process in such conditions. Despite all the negative things that the 
pandemic brought us, GDU for a very short period of time decided to continue teaching process 
on the Microsoft Teams platform. The lectures and the exercises continued with realization 
without any problem. For the mathematical subjects, realizing the exercises was a big challenge, 
because the green board where the tasks were solved was missing, which was a big disadvantage. 
At the beginning, the tasks were only explained, along with the lectures, using PPT presentations. 
Although the Whiteboard exists as a digital tool, the staff was not familiar with it. But, very soon 
the use of a whiteboard was introduced to the teachers and the math tasks and exercises were 
solved without any problem. All necessary books and other material were already attached on 
appropriate math courses on the e-learning platform, as well as e-library. Realizing the colloquia 
was also a big challenge, because the students were tested from distance. The teachers had 
several opportunities to hold colloquia online. The student’s camera has to be turned on in all 
cases: 

First possibility: The teacher shares the test, and the students solve it on a paper. Then, the 
students took a photo with the solutions and they send it to the teacher via an email or a chat on 
Teams.  

Second possibility: Some teachers attached the test to assignments of the Teams. The students 
could see or download the test, they had limited time for solving and the solved test re-attached 
also in assignments, for a limited period of time, which was controlled from the teacher. 

Third possibility: Some exam tests were solved online as a kind of quiz, depending on the material 
that has to be checked as acquired knowledge. 

Some teachers tested students through quizzes that were done on the courses of an e-learning 
platform. 

Each teacher used different ways to check the students' knowledge, depending on the type of 
teaching material which is reached. The technology needed a lot of possibilities for working. The 
technology which GDU dispose, was used without any problems and the teachers quickly got used 
the digitalization of the teaching process. GDU became the first university in North Macedonia 
which used the technology without any problems and was underlined as a good example by 
Microsoft.  
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https://customers.microsoft.com/en-GB/story/836725-goce-delcev-university-of-stip-higher-
education-microsoft-365-en-macedonia Accessed 02.04.2021 

 

 

https://customers.microsoft.com/en-GB/story/836725-goce-delcev-university-of-stip-higher-
education-microsoft-365-en-macedonia 02.04.2021 Accessed 02.04.2021 

Most of the exams were also realized the same as the colloquia. The oral exams were realized via 
a video link between the teacher and the student, where the teacher asked a question and the 
student answered. 

About this way of teaching, often is asked the question: does the students manipulate when the 
teacher is checking their knowledge? In this way of a teaching, there are many ways for the 
student to manipulate, although it is not new and the students used to do that before the 
pandemic, too. But, in the classroom teachers observe students and different possibilities for 
manipulation during the exam are limited. When doing the exam from distance, the teacher does 
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not see the student with whole his environment and then the manipulation by the student may 
be greater. The conclusion is: it depends on the student's conscience, which is changing from 
student to student. In order to check the students’ knowledge and to be sure that a student has 
done alone the exam, very often math teachers asked the student to explain the procedure for 
solving certain task and the steps in the solution, thus conclude to which level the student has 
acquired the knowledge.  However, the physical presence is best for the lectures and the 
exercises, and especially for checking the knowledge of students, but in such conditions of Covid-
19 pandemic the digitalization was unavoidable, it actually enabled the teaching process when 
the school and faculty buildings were closed for students.  

However, in this pandemic we have seen all advantages of the digital tools and technology that 
can be used in the process of education. We believe that after Covid-19 pandemic, teachers and 
students will all return to classrooms, but the digitalization with its advantages need to be used to 
the highest level. So, after Covid-19 pandemic, the physical presence with maximal use of the 
digital resources should be considered for teaching at all levels of an education. Using only 
teaching in classrooms, without digital resources, or using only online teaching with digital tools 
without students in classrooms, will not give us the great results. Combining both these practices 
will be better for a progress in the education and for gaining permanent knowledge, which is the 
goal of the educational process. 

 

6.3.  Analysis report - Politehnica University of Timisoara 
 

Summary: 
 

1. Introduction and overview 

 1.1 “Politehnica” University of Timisoara - a year of online education 

 1.2 The Department of Mathematics of UPT - activity overview 

 1.3 Exclusive online learning system – negative and positive aspects 

 

2. The online teaching system 

 2.1 Online teaching tools 

2.2 Online teaching methods 

2.3 Online evaluation and grading 
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3  Case Study: Calculus course and seminar at the Automation and Computing Faculty. 

 

Annex 1 – Selected online resources - Webinars, Open Educational Resources and Massive Open 
Online Courses, online tutorials and guides of recent advances in open educational practices. 

 

Annex 2 - E-Learning Center of UPT (CEL) Guidelines regarding the transfer to the online 
education system 

 

 Introduction and overview 
 

“Politehnica”	University	of	Timisoara	-	a	year	of	online	education	
 

The global Covid-19 pandemic which started in the spring of 2020 caused a series of profound 
changes in the way the modern society functions and the teaching process at all levels was 
strongly impacted. In Romania, at the time the pandemic hit, the second semester of the 2019-
2020 academic year has just started and the necessary changes had to be done very quickly.   

On March 11 2020 all Romanian educational institutions ended their face-to-face activities and 
begun the transition to a full online educational process. In “Politehnica” University of Timisoara 
(UPT) the educational process was transferred exclusively online by means of the UPT Virtual 
Campus (CVUPT), presented in detail in the second section.  Over the course of one year (March 
2020 – March 2021) the online activity on CVUPT increased to more than 16500 users with almost 
4000 courses managed through the platform.  More than 77000 Zoom meetings took place as 
part of the educational process and more than 100 million interactions were recorded on the 
platform, with an average of about 3000 users/minute. 

CVUPT provides an ongoing support for its users by means of a series of almost 100 tutorials 
available online and by means of an ongoing series of webinars (32 so far) dedicated to both 
teachers and students. A new academic support tool was introduced – the Digital Education 
Support (https://suport.elearning.upt.ro) available to teachers, current students and prospective 
students of UPT. 

UPT’s vision of a transformed digital education also reached out to the community by means of a 
series of webinars (24 editions so far): Together Online Webinars. Launched on April 15 2020, 
these webinars gathered over 9000 participants and dozens of partner institutions from 
academia, pre-university institutions and other stakeholders.  The topics addressed included “the 
transition from campus education to online education, preprimands and opportunities for 
stakeholders in schools and universities during the pandemic, uthe use of OER, MOOCs, learning 
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platforms and new technologies in education, ithe impact of new technologies, AR & VR, artificial 
intelligence in education and society, digital storytelling, innovation, creativity and pandemic 
entrepreneurship, or promoting women in STEM” (https://elearning.upt.ro/en/impreuna-online/). 

In a joint effort including the Timis County School Inspectorate, the AntiCovidTM platform and 
TVR Timisoara, UPT came to the support of pre-university teachers by launching a (downloadable) 
guide with good practice recommendations ans a series of webinars dedicated to teachers from 
both urban and rural areas. The webinars took place in September 2020 and overall brought 
together over 650 participants from all over the country, most of them being teachers and 
principals (https://elearning.upt.ro/en/comunitate/sprijin-pentru-inceperea-anului-scolar-un-
ghid-cu-recomandari-de-buna-practica-si-webinarii-de-informare-instruire-si-formare/). 

Between June 22-24 2020, UPT was the host of the 29th edition of EDEN (European Distance and 
E-Learning Network) Annual Conference - Human and artificial intelligence for the society of the 
future. Stimulating digital education for the next generation of students STE(A)M 
(https://www.eden-online.org/about-us/).  This was the first edition of this conference which 
took place online and it gathered 278 participants from 40 countries located on 4 continents.  
Over 90 academic papers were published and cutting-edge presentations by keynote speakers 
were given. The workshops and the papers presented and debated the best way to employ digital 
activities in education, analyzed the data collected during the recent months of online teaching 
education and made predictions for the best practices for the development of digital education. 

On December 16 2020 The 5th edition of the Digital Skills and Competences for Future Workshop 
took place (https://elearning.upt.ro/en/proiecte/noutati-proiecte/inscrieri-deschise-la-workshop-
digital-skills-and-competences-for-future-competente-si-abilitati-digitale-pentru-o-societate-a-
viitorului/) .  The main topic of the discussions was: “What are digital skills and competences, and 
how can they be integrated into education and the creative industries? In a period when 
educational institutions and cultural activities have moved mainly in the online, digital skills and 
competences become a "must-have" for the society of the future.”  More than 1000 participants 
were recorded and presentations were given by experts from USA, Europe and Romania. 

As a part of the Open Education Week 2021 (https://www.openeducationweek.org/), the  
International Workshop Open education in pandemic times , organized by UPT with the support of 
EDEN and IEEE, took place online on March 3 2021, gathering over 1100 participants in an online 
interactive session broadcasted live simultaneously on Zoom, Facebook and Youtube.  The topics 
of the discussions included: “How has the concept of open education actually contributed to 
improving the conditions for education during the pandemic?   What projects and approaches 
have been set in motion by universities, associations at local, national, and European level?   How 
can we improve collaboration in universities, institutions, and the community to make the 
education process more efficient even in the most vulnerable demographic areas?”.  
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	 	The	Department	of	Mathematics	of	UPT	-	activity	overview	
 

 The members of Department of Mathematics of the Politehnica University of Timisoara 
are mainly teaching to the first and second year students the following disciplines: 

• Linear Algebra and Differential Geometry 

• Calculus (Mathematical Analysis) 

• Special Mathematics (including Differential Equations, Partial Differential Equations, 
Complex Analysis, Probability and Statistics) 

• Computer Assisted Mathematics (Numerical methods, Matlab and Mathemematica for 
Engineering problems) 

The Department of Mathematics is also in charge of the selection of the University’s future 
students through the University entrance examination, which is held every year at the end of July 
for three of the faculties of UPT: The Automation and Computing Faculty, the Electronics, 
Telecommunications and Information Technologies Faculty and the Architecture and City 
Planning Faculty.  

 The examination is a Multiple Choice Test  with 5 possible answers (and only 1 correct). It 
consisting of 12 problems, which are formulated in the morning of the examination, the starting 
point being the exercise book issued in the previous year (http://www.upt.ro//img/files/2020-
2021/admitere/licenta/Culegere_admitere_UPT_2021.pdf).   

We mention that in the context of the Covid-19 pandemic, in order to minimize the number of 
the persons present in person at the examination without prejudicing the well-prepared ones, the 
candidates were able to choose to replace the examination grade with the grade obtained at the 
Mathematics examination of the Baccalaureate. 

Every year, from March to July, UPT organizes weekly tutoring sessions for the prospective 
candidates of the entrance examination. The 3 hours sessions take place during the weekends 
and include solutions of problems included in the above-mentioned exercise book. The attendees 
are encouraged to ask questions in order to clear their uncertainties and to engage in discussions 
on the topics presented. The spring of 2019 was the last one when the candidates were physically 
present in the classroom. In 2020, due to the Covid crisis the sessions were transferred online. 
The leadership of the University decided to record the sessions and to post them of Youtube. A 
few of the materials are liked below: 

- “Continuous functions, derivable functions”: 

  https://www.youtube.com/watch?v=elnNPChvRZk&t=30s 

-  “Antiderivatives and definite integrals”: 
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  https://www.youtube.com/watch?v=Y_gTYVuBpCA 

- “Definite integrals (part two)”: 

   https://www.youtube.com/watch?v=Y8miXCl9ILU&feature=youtu.be 

- “Recapitulative problems”: 

  https://youtu.be/VN-SUy14-0U 

 

  

This type of presentation proved its worth since the total number of views for each topic was 
larger than the actual number of places available for admission. However the interactivity was 
missing: the teacher presented the problems and the solutions but he could not answer 
questions. 

Since the Covid crisis continues in 2021, the preparation of the entrance examination, started in 
28.02.2021,  took the form of Zoom webinars, thus solving the interactivity problem: during the 
breaks the candidates were able to use the chat to ask questions and propose problems related 
to the topics at hand. As we write this material, the first recordings of the sessions are already 
uploaded on Youtube: 

  https://www.youtube.com/watch?v=Uz6rOJ_QmiQ 

  https://www.youtube.com/watch?v=59mruiu83yY 
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The materials are also present on Facebook (https://www.facebook.com/watch/UPTimisoara/) 
and each material already reached a number of over 5000 views. 

 

  

Exclusive	online	learning	system	–	negative	and	positive	aspects	
 

The exclusive online learning system imposed by the Covid-19 pandemic has many negative 
repercussions, the most obvious ones including the following: 
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• There are many problems related to the lack face-to face contact, which in many cases is 
essential for the social aspect of the student life. 

• Unfortunately not all types of courses are well-suited to the online teaching system. 

• The online teaching system requires a certain level of expertise in the area of computing. 

• Even though the recent advances in technology opened new avenues of inter-human 
communication, it may well be the case that, at the same time, the  exclusive online 
learning system can contribute to a decreased capacity of verbal expression and to a 
decrease of the presentation/argumentation/counter-argumentation skills. 

 

On the other hand there are also many positive aspects related to the online learning system, 
such as: 

• It led to the inclusion in the curricula and the wide-spread utilization of dedicated 
mathematics software such as Mathematica, Matlab, Geogebra etc. 

• It led to a “forced” reconsideration of the online teaching system potential, especially by 
those who previously doubted its merits. 

• The fast distribution of the didactic materials, since the teachers are able to quickly sent 
any information to any of the persons involved. 

• The permanent access to the needed information, since the materials remain stored 
online and any member of the target group may reach them anytime. 

• The inclusion of the multimedia content like images, video files and other types of virtual 
material which undoubtedly lead to a more efficient learning. If included, the video 
recordings of the teaching sessions may be of great help for the students. 

• The fact that the content of the materials may be easily updated and also corrected if the 
need arises. 

• The possibility to direct the information to certain persons or groups of persons, allowing 
the distribution of personalized homework or test and examination subjects. 

• The online medium makes possible the fast communication between the parts involved, 
leading to a useful virtual interaction of the students and the teachers and allowing the 
existence of feedback, even in real time if needed. 

 

 The online teaching system 
 



                                      
 
 

"The European Commission's support for the production of this publication does not constitute an endorsement of the 
contents, which reflect the views only of the authors, and the Commission cannot be held responsible for any use 
which may be made of the information contained therein." 

	 	Online	teaching	tools	
 
The transition to the online system of teaching involved several steps, the first and most 
important one being the creation of an online platform where the teachers could upload the 
course materials and interact with the students. Fortunately for us, at the “Politehnica” University 
of Timisoara (UPT) we already had such a platform, namely the Virtual Campus site 
 (https://elearning.upt.ro/en/campus-virtual/) which, starting from 2006, was previously 
employed mainly by the E-Learning Center of UPT (CEL) (https://elearning.upt.ro/en/despre-cel/) 
for the students from the specializations of academic training through distance learning.  
Between 2010 and 2020 the Virtual Campus  was gradually expanded to include Master degree-
level courses and a few of the undergraduate courses.  Since the start of the COVID-19 pandemic 
the entire teaching process has moved to the Virtual Campus site, where each student (and 
teacher) was offered a customized account: 
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For example, the first-year students of the english language section of the Faculty of Electronics 
can access the  “Special Mathematics” course: 
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Using the “Virtual Campus” platform, each member of the academic staff was able to upload all 
the necessary course materials: lecture notes, exercise sets, laboratory guides and so on.  Of 
course, since not everybody was prepared for this situation, in the beginning a lot of effort was 
directed to the creation and the improvement of these teaching materials.   

Besides the upload of teaching materials, the “Virtual Campus” platform offers many other 
facilities such as: the possibility to communicate with the students by means of a course forum or 
by means of personal messages, the integration of the video conferencing tool (which in UPT is 
the “Zoom” software), integrated attendance system, integrated grades reports, facilities for 
uploading homework and project files, various methods to hold online examinations and many 
others. 

Another important step in the transition to the online system of teaching is the use of a video 
conferencing tool which. While different teachers employed several methods of video 
conferencing such as Microsoft Teams or Google Classroom, as previously mentioned, in UPT the 
officially supported tool is the “Zoom” software, which is integrated in the Virtual Campus 
platform: 
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Online	teaching	methods	
 
Regarding the online teaching process, several methods were employed. By means of a video 
camera, traditional teaching methods such as whiteboard or document camera, lectures and 
seminars are still viable: 
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 An alternative approach to lecturing involves the use of a pen tablet or a smartpad: 

 

 

 

It also possible to include interactive documents, which may be written, accessed or modified 
“live” during a Zoom session (such as for example “.nb” Mathematica documents or “.ggb” 
Geogebra documents): 
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In the case of the laboratories (Numerical Methods, Computer Aided Mathematics, Special 
Mathematics), the screen sharing facilities of the Zoom software allows the presentation of the 
material including demonstrations of the mathematical software (Matlab, Octave, Mathematica, 
Geogebra). Screen sharing also make possible the interaction with the students’ own work and 
allows for the necessary feedback. The following screenshots presents several Octave exercises: 
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The Zoom sessions of the lectures, seminars and laboratories may be recorded and uploaded on 
the OneDrive account (allocated to each teacher in UPT).  
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	 Online	evaluation	and	grading	

	
One of the most difficult aspects of the online teaching process is the evaluation and grading 
step. While the the evaluation of the homework and projects (which can be uploaded as files on 
the Virtual Campus platform) remains more or less the same, it is the actual final examinations 
which raises challenges. Since the examinations must also take place online, the manner in which 
the examination subjects are created and presented was drastically changed. The Campus Virtual 
platform provides some help in this regard, including tools such as the creation of a customized 
quiz or a bank of questions. It is also possible to allocate where to each student taking the 
examination a certain set of questions or exercises included in the quiz/bank and, moreover, the 
allocation may be performed in a random manner. 

 

 

 

In the case of a written examination, a more traditional approach consisting in a given set of 
subject presented as a pdf file uploaded on the  Virtual Campus page of the course is also 
possible. However in this case it is probably best if the students receive individual subjects which 
contain mainly applications and exercises. The students download the corresponding subjects, 
solve (on paper) the proposed exercises and upload file containing pictures of the solutions: 
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In the case of a laboratory test, where the students have to use a mathematical software, the 
uploaded files will contain print screens of the solutions: 
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Case	Study:	Calculus	course	and	seminar	at	the	Automation	and	Computing	Faculty.	

	
In the Calculus course held at the System Engineering Department by Prof. Doru Paunescu in the 
first semester of the academic year 2020/2021, the evaluation was held online on CVUPT and 
consisted of the written examination (66% of the final grade) and of an ongoing activity 
evaluation (34% of the final grade). The written examination consisted of 4 problems, each with 6 
possible answers: one is correct (100%), two are partially correct (50%) and three are wrong (no 
allocated points) – see the following figure: 

 

 

The ongoing activity evaluations was performed every two weeks by means of similarly structured 
problems. 

The link to Prof. Paunescu’s recordings from his Calculus course at the Automation and 
Computing Faculty is:  

 https://uptro29158-
my.sharepoint.com/:f:/g/personal/doru_paunescu_upt_ro/EiIYtwMaT7hBlupFVLHIhtwBsrMi-i-
qd79pkra6aue-6w?e=vGn7sJ 
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On the same OneDrive account the following books are available as pdf files: 

https://uptro29158-
my.sharepoint.com/:f:/g/personal/doru_paunescu_upt_ro/EtZJsxnwUv5GmRol4YOxnOQB9I1wkE
uSTFeZNPU_hMWCSQ?e=MjjhJK 

  

 - Doru Păunescu, Ciprian Hedrea “MULTIDIMENSIONAL DIFFERENTIAL CALCULUS” (in 
Romanian), Editura Politehnica, Timişoara, 2016, ISBN: 978-606-35-0023-7 

 - Doru Păunescu, Bogdan Căruntu “CALCULUS – Sequences and series” (in Romanian and 
French), Editura Politehnica, Timişoara, 2004, ISBN: 973-625-173-X  

 - Doru Păunescu, Adina Juratoni “ADVANCED INTEGRAL CALCULUS” (second edition, in 
Romanian), Editura Orizonturi Universitare, 2018, ISBN: 978-973-638-631-2 

 

We mention the fact that the english translation of these books is one of the goals of the present 
project. 

In the Calculus seminar held at the Department of Computers and Information Technology by 
Prof. Adina Juratoni in the first semester of the academic year 2020/2021 more than 200 students 
were enlisted online on the CVUPT platform. Both the teaching and the evaluation of the students 
were performed exclusively online. Each week a 60 minutes Zoom session took place, during 
which theoretical notions related to the course’s lectures were discussed and a relatively large 
number of problems were solved. The students were encouraged to ask questions and to share 
ideas towards the solutions of the problems. The teaching process was performed by means of a 
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“Czur” scanner which makes possible the instantaneous visualization of the content of a regular 
A4 piece of paper. 

Also pdf documents related to the seminars were uploaded weekly on the CVUPT page of the 
course.  

The seminar evaluation process took place gradually by means of two intermediary tests and a 
partial (midterm) test. Each test was undertook by smaller formations of students (approximately 
30),  its duration was of 30 minutes  and it consisted of two problems. The first problem was of 
the quiz type, where the students must chose the correct answer from 5 possible ones. The 
second problem involved the full solution, pen on paper, photographed and uploaded on CVUPT 
as a pdf file. We mention the fact that the problems were randomly selected by the CVUPT 
software from a large bank of problems (163 in this case), organized by problem categories and 
covering all the topics of the course. The final seminary grade was computed as the mean of the 
tests’ grades and the students who wished to improve this grade were able to do so by 
undertaking an supplementary test.  

The final written evaluation of the course consisted of two distinct stages: In the first one the 
students were given a quiz test consisting of 9 questions – some of them had a true/false choice, 
some of them involved the choice of the correct answer from a given set of answers and others 
demanded the writing of a short answer (i.e. 1, 10, π etc.). The distribution of the subjects (and 
the composition/order of the problems) was again random, to each student being allocated a 
different subject. The second stage of the examination was accessible only to the students which 
obtained a passing grade at the quiz test, and it consisted in subjects containing two problems. 
These problems   should be solved in detail pen-on-paper style and the files containing solutions 
uploaded on CVUPT. 

Before the tests/written examinations took place, special Zoom sessions were held where the 
students were able to ask questions related to the corresponding contents of the course.  Also, in 
order to prepare for these examinations, students were provided with several sets of 
supplementary exercises and problems. 

 

Annex 1 – Selected Online resources - Webinars  
 

Open Educational Resources and Massive Open Online Courses, online tutorials and guides of recent 
advances in open educational practices 
 

• European Distance and E-Learning Network  (EDEN) Webinars: “In these times of 
lockdown due to the Coronavirus COVID-19, face-to-face educational functions and 
activities are being moved online, using remote working sites and tools. Many of us are 
struggling with the adjustment to working and teaching online, especially those who have 
always taught in a traditional classroom and are now being asked to rapidly regroup and 
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prepare for a longer period of educational “social distancing”. Where do you begin? How 
do you manage the process?  To address these questions and many others, EDEN will be 
rolling out a series of practical webinars on how to take face-to-face education online. 
These webinars will start by focusing on the day-to-day challenges our teachers and 
educators face and move on to consider other, broader institutional aspects.” 
(http://www.eden-online.org/covid-webinar-series/) 

• Support webinars for CVUPT (in romanian): 
https://www.youtube.com/playlist?list=PLFHoDIU-4IR3tlFe7dJTBhW8VO3kXbzCS. 

• MIT Opencourseware (https://ocw.mit.edu/courses/find-by-topic/#cat=mathematics): 
massive library of free course materials of highest quality. 

• OER Commons - public digital library containing open educational resources. 

• Cambridge Textbooks – free acces to course materials with institutional access. 

• Iversity - german Massive Online Open Courses (MOOC) platform supported by Springer 
Naturecontaining a wide range of free courses. 

• edX (https://www.edx.org/search?subject=Math): MOOC platform founded by MIT and 
Harvard. 

• iMooX - MOOC platform founded by the University of Graz and the Graz University of 
Technology. 

• Class Central (https://www.classcentral.com/subject/maths): search engine and reviews 
site for MOOCs 

• Cronin, C. (2017). Openness and praxis: Exploring the use of open educational practices in 
higher education. International Review of Research in Open and Distributed Learning, 
18(5). 

• Deepwell, M., Weller, M., Campbell, L., & Wilson, J. (2017). Open Education and OER: A 
guide and call to action for policy makers. Discussion Paper. Association for Learning 
Technology.  

• Havemann, L. (2016). Open Educational Resources. In M.A. Peters (Ed.), Encyclopedia of 
Educational Philosophy and Theory. Springer. 

• Hodgkinson-Williams, C. & Arinto, P.B. (2017). Adoption and impact of OER in the Global 
South. African Minds, International Development Research Centre & Research on OER.  

• Inamorato dos Santos, A. (2019). Practical guidelines on open education for academics: 
Modernising higher education via open educational practices. European Union. 
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• Jordan, K., & Weller, M. (2017). Openness and education: A beginner’s guide. Global OER 
Graduate Network.  

• “Guidance on Open Educational Practices during School Closures: Utilizing OER under 
COVID-19 Pandemic in line with UNESCO OER Recommendation” 
(https://iite.unesco.org/wp-content/uploads/2020/05/Guidance-on-Open-Educational-
Practices-during-School-Closures-English-Version-V1_0.pdf ). 

 

 
Annex 2 - E-Learning Center of UPT (CEL)  
 

Guidelines regarding the transfer to the online education system 
 Included here is a selection of guidelines for a successful transfer from the face-to-face 

educational system to the online one (in CVUPT), as recommended by Dr. Diana Andone, the 
Director of the E-Learning Center of UPT (CEL). 

 

								Educational	plan	–	actions	
 

• Specify the learning outcomes: what would you want the students to 
learn/experiment/know at the end of the semester (or in 1 month etc.)? Create an CVUPT 
page at the beginning of the course.  

• The CV experience: How is the time spent in CVUPT usually distributed? Try to define your 
actions in a more objective-oriented manner (for example use “content presentation / 
understanding check / collaborative project work”  instead of  ”teaching / testing / 
discussing” etc). Make an inventory of your goals for the next few weeks. 

• Lecture/laboratory/project materials: do they exist in digital form? Integrate them in 
CVUPT (pdfs, webpages containing images, videos, links etc). Delineate areas based on 
knowledge categories / weeks / chapters etc. Do not forget to verify your documents, 
exercises, test etc. 

If possible make use of Open Educational Resources (OER) and Massive Online Open 
Courses (MOOCs) and collaborate with colleagues, both from Romania and abroad. 

• Activities: What kind of activities do you undertake in CVUPT? Take into account the way 
the students may develop the abilities and the key objectives you want them to achieve – 
things they would normally do while logged on CVUPT.  

     Activities – projects, blog posts, Wiki posts, reports, presentations etc. 



                                      
 
 

"The European Commission's support for the production of this publication does not constitute an endorsement of the 
contents, which reflect the views only of the authors, and the Commission cannot be held responsible for any use 
which may be made of the information contained therein." 

• Feedback: how do you offer feedback regarding the students’ progress? Write forum 
messages or personal messages (every couple of days, as often as necessary etc). 

• Communication: how do you communicate in CVUPT? Take into account two-way 
communication channels. Activities – forum posts, personal mesaages etc. 

 

Synchronous	–	asynchronous	modes	
 

• Asynchronous mode: the tutors prepare the course materials before the students are 
given access to them. The students will interact with the materials for a longer period of 
time. Try to include in the course page various activities and materials an communicate 
with the students. 

• Synchronous mode: the tutors and the students meet online ant interact in “realtime” 
using videoconference tools (Zoom, MSTeams Skype etc).  Record the meeting and post 
the (link to the) video on the course page. 

 

								Online	methods	and	tools	–	OER,	MOOC	(see	Annex	1)	
 

 

6.4. Analysis report - Belgrade Metropolitan University 

 
Introduction 

 

Belgrade Metropolitan University (BMU) aims to become innovative and entrepreneurial 
University. Its role is not only to provide education and research missions, but also the third 
mission: support of entrepreneurship of its students and their faculties by developing new ideas 
into innovative products, especially in area of IT. BMU is realizing this mission with close 
cooperation with IT companies, especially in software development. Few business models have 
been developed so far to support different needs of BMU partner companies. BMU is an 
integrated university consisting of three faculties, which are no legal entities. Every year BMU 
enrolls 350-400 new students in area of computing, business management and digital arts. BMU 
offers BSc programs in information technology, software engineering, information systems, game 
development, operations management, business and marketing, graphic design, design of 
interactive media and fashion design. MSc programs are in information security, software 
engineering, information systems, marketing management, and design of new media. PhD 
programs are in the areas of software engineering, management and development, and design of 
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new media. BMU operates in two campuses in Belgrade (capital city of the Republic of Serbia) and 
Niš (situated in north-east part of Republic of Serbia). Almost all study programs are offered in 
two forms: “face-to-face” and “online” (using e-learning). Most of BMU programs are offered as 
online programs. Each year, BMU offers over 200 online courses. In particular, a hybrid model is 
offered on the campus in Nis and it represents a combination of both online and traditional 
teaching, similar to blended learning modality (will be explained in more detail later).  

BMU has been devoted to improving its teaching and scientific methods throughout the years, 
through national and international projects. BMU is developing, advancing and implementing new 
teaching and learning methodologies, for both “face-to-face” and “online” studies. In its long 
tradition of including innovation in teaching and learning methods, BMU has always believed that 
project-based learning and mandatory internship programs are key to building successful 
graduates. 

BMU has diverse experience in implementing different pedagogy methods and molding them into 
appropriate shape to be used in different distant learning modes: flipped classroom, online 
learning, hybrid models, etc. 

Online teaching at BMU was promoted through the learning platform in use at our university 
called LAMS which allows a number of functions. Teaching material for every course is distributed 
through this system. Students have at their disposal interactive teaching materials distributed in 
15 lessons, i.e. 15 teaching weeks lasting one semester. An integral part of each lesson are video 
materials and tutorials made by side of teachers from BMU and various other video and audio 
materials, links to various professional and scientific sites, as well as additional teaching materials. 
In each lesson, after a certain part of it, there are tests for students' self-assessment in which they 
provide the acquired knowledge. Access to this platform is possible from a mobile phone, tablet, 
laptop or desktop. These teaching materials can also be downloaded in PDF version. As a rule, all 
teaching materials are available to students at the beginning of the semester. At the BMU 
traditional teaching entails teaching in the classroom, while implementing different face-to-face 
teaching modalities (for example flipped classroom), and at the fixed class schedule. This is the 
teaching modality that took place in the period before the COVID-19 pandemics. The spread of 
the COVID-19 pandemic has affected all sectors in society and, in particular education. Due to the 
identification of the first case of COVID-19 in Serbia, face-to-face teaching was cancelled at BMU 
in March 2020, in an effort to mitigate the spread of the COVID-19 pandemic. In that moment a 
transition from face-to-face to remote teaching was made, i.e. teachers and teaching assistants 
started to conduct live online video lectures at the same time that traditional teaching would 
have taken place, but from the convenience of homes and using software streaming service 
Zoom. Also, these lectures were recorded and uploaded to the Google Drive platform, which all 
students could later access and re-view these video materials. Also, during the school year 
2020/21, the number of teaching video materials made by teachers is significantly increased. The 
average length of these materials is about 45-60 minutes per lecture. Also, the number of 
additional literature available to students through LAMS, which was selected and approved by 
teachers, has increased.  
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From May to July last year a questionnaire was conducted for students from BMU and University 
in Novi Sad (UNS), another participant in project, about distance learning practice during the 
Covid-19 crisis. Questionnaire was conducted online using Google Forms and on that occasion 
864 students participated in it. Based on the research questions, a questionnaire was made 
consisting of four sections:  

• First section collected students’ demographic data (gender, university, learning 
environments, year of study and grade point average).  

• In second section students rated questionnaire items on 6-point Likert's scale ranging from 
one (strongly disagree) to six (strongly agree).  

• Third section introduced 16 statements about distance learning. Students could select one 
or more of the items in order to express their impressions and agreement with a 
statement given. We measured their responses according to two aspects: positive and 
negative, as advantages and disadvantages of distance learning.  

• Fourth section of the questionnaire introduced semi-structured debriefing session. 
Quantitative data were amplified with qualitative data to obtain deeper insights into 
students’ experiences of distance learning process. The debriefing session contained a 
reflection on the learning process stimulated by two open questions (First: "Describe 
advantages of distance learning from your perspective" and second: "Describe 
disadvantages of distance learning from your perspective"), and finally 

• Fifth section is dedicated to the additional comments that the students gave on 
organization and university operations during the pandemic. 

The report on conducted questionnaire about distance teaching/learning practice during the 
COVID-19 pandemic is given in next chapter. 

As already mentioned, BMU offers BSc programs in information technology, software 
engineering, information systems. There are several mathematical courses in this programs. Most 
of the topics of these courses belong to calculus, because of its importance in the technical 
sciences. Although there is a large amount of research in literature which includes usage of 
technology in mathematics classrooms, especially calculus classrooms, the effectiveness of these 
studies is limited because the expectations and demands of students are not considered. 
Certainly, one of the most important expectations of students studying IT is to see on concrete 
examples how the application of mathematics can model and solve a various problems in IT. 
Practice has shown that this approach to teaching mathematics motivates students the most to 
learn it. Hence, our goals at BMU are to expand and modernize teaching and learning methods 
used in the field of mathematics and mathematics-based sciences through modernization of 
calculus courses with STEAM principles. Multidisciplinary approaches in the development of 
mathematics courses using STEAM principles will enhance employability and improve students’ 
career prospects.  

STEM is a curriculum based on the idea of educating students in four specific disciplines — 
science, technology, engineering and mathematics — in an interdisciplinary and applied 
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approach. Rather than to teach the four disciplines as separate and discrete subjects, STEM 
integrates them into a cohesive learning paradigm based on real-world applications. Georgette 
Yakman created STEAM as a new educational approach in 2006 (STEAM = Science & Technology 
interpreted trough Engineering & the Arts all based in Mathematics). This approach develops next 
skills to the students 

• Problem-solving – able to define questions and problems, design investigations to gather 
data, collect and organize data, draw conclusions, and then apply understandings to new 
and novel situations.  

• Innovation – creatively use science, mathematics, arts and technology concepts and 
principles by applying them to the engineering design process.  

• Invention – recognize the needs of the world and creatively design, test, redesign, and 
then implement solutions (engineering process).  

• Self-reliance – able to use initiative and self-motivation to set agendas, develop and gain 
self-confidence, and work within time specified time frames.  

• Logical thinking – able to apply rational and logical thought processes of science, 
mathematics, and engineering design to innovation and invention.  

• Technological literacy - understand and explain the nature of technology, develop the 
skills needed, and apply technology appropriately. 

New STEAM developments in digital environment will be used to help students in overcoming 
difficulties in learning and understanding the various topic in mathematics courses. The STEAM 
principles that will be used in the project development are based on ICT, because that makes 
STEAM an attractive educational method for students for learning mathematics, sciences and 
technology. STEAM learning enables students to carry out safe and quick experiments; simulation 
and visualization of 3D structures in science; and mathematical modelling.  

 
Report on questionnaire on distance teaching/learning practice during Covid19 pandemic 

 

Due to the COVID-19 pandemic, we were all urged to adjust our working, teaching and learning 
habits. Since the complete education process took place online, including teaching, learning, 
communication, we referred to this process as “distance learning”.. 

Distance teaching/learning entails all forms of learning and teaching that was conducted over the 
Internet during the time of pandemic. Under the all forms of learning, it also implies:  

(i) Usage of interactive teaching materials used on learning platforms such as LAMS, 
Moodle, etc. 

(ii) Live online video lectures using video streaming software such as Zoom, Skype, Webex 
Meetings, Big Marker, Discord, Microsoft Teams, etc. 
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(iii) Shared power point presentations, 
(iv) Usage of different software needed for specific courses. 

Live online video lectures refers to the lectures and recitations (sometimes the lab work) that 
teachers and teaching assistants conducted at the same time that traditional teaching would have 
taken place, but from the convenience of homes and using software streaming services using 
tools such as Zoom, Skype, Webex Meetings, Big Marker, Discord, Microsoft Teams, etc.  

Traditional teaching/learning entails teaching in the classroom at the University, while 
implementing different face-to-face teaching modalities, and at the fixed class schedule. Hence, 
this is the teaching modality that took place in the period before the COVID-19 pandemics. 

Hybrid teaching/learning represents a combination of both online and traditional teaching, similar 
to blended learning modality. This form of teaching was implemented before the COVID-19 
pandemic in some courses, were students learned learning materials related to lectures using 
distance learning modality, and then had traditional learning in the classroom for recitations and 
lab work. 

Interactive teaching materials represent teaching materials posted on LAMS platform. This 
material is presented to students in digital form, and as a sequence of small modular chunks of 
knowledge (called learning objects). This learning content is interwing with learning assessments, 
discussion forums, Q&A questions, supplement learning materials from other sources, video 
materials, etc.  

Students from BMU and UNS were asked to fill out the questionnaire about their distance 
learning experience. Questionnaire was filled out in the period from May 27th, 2020 to July 15th, 
2020. Conducted questionnaire was anonymous and not mandatory for students to fill it out. 
Questionnaire was completed by 864 students. The following tables present students answers.  
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 n % 

Gender   

male 312 36,1% 

female 552 63,9% 

University    

UNS - Faculty of Science 642 74,3% 

BMU 222 25,7% 

BMU Faculty 
% from 

all 
students 

% from 
all BMU 
students 

• Faculty of information technology (FIT) 
• Faculty of management (FAM) 
• Faculty of Digital Arts (FDU) 

107 

46 

69 

12,4% 

5,3% 

8% 

48,2% 

20,7% 

31,1% 

Modalities of learning that the students chose    

Traditional  655 75,8% 

Online  176 20,3% 

Hybrid  33 3,9% 

Year of studies   

1st  271 31,4% 

2nd  205 23,7% 

3rd  191 22,1% 

4th  197 22,8% 

Student’s average study grade   

interval [6,7) 46 5,3% 

interval [7,8) 264 30,5% 

interval [8,9) 286 33,1% 

interval [9,10] 268 31,1% 

 
Part II 
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For each of the following statements, students stated how accurate they found particular 
statements in their case. Used scale had six possible answers from 0 to 5 (three positive and three 
negative). Scale with six answers was used to avoid students' neutral attitude towards distance 
learning.  

0- Completely disagree 
1- Disagree 
2- Partly disagree 
3- Partly agree 
4- Agree 
5- Completely agree 
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1. I regularly followed distance 
learning lectures during the 
pandemics 

0 1 2 3 4 5 

 

5,9% 4,4% 6,4% 19% 24,9% 39,4% 

51 38 55 164 215 340 

 

2. I had necessary tools (computer 
and internet) to follow distance 
teaching. 

0 1 2 3 4 5 

3,6% 1% 2,9% 6,8% 13% 72,7% 

31 9 25 59 112 627 

 

3. Online video lectures were very 
useful 

0 1 2 3 4 5 

10,5% 7% 11,7% 23,1 22,9% 24% 
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% 

91 67 101 199 198 207 

 
4. Interactive learning materials for e-

learning were very useful  
0 1 2 3 4 5 

5,8% 7,4% 11% 24,4
% 

22,9% 28,4% 

50 64 95 211 198 245 

 
5. Textbooks/teachers’ 

notes/Lectures in PDF format were 
very useful  

0 1 2 3 4 5 

4,4% 4,2% 7% 17,1
% 

27,2% 40,1% 

38 36 60 148 235 346 
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6. Power point presentations were 

very useful 
0 1 2 3 4 5 

5,4% 8,3% 9,3% 21,4
% 

24,6% 30,9% 

47 72 80 185 212 267 

 
7. Documents and learning materials I 

collected from Internet were very 
useful 

0 1 2 3 4 5 

7% 7,3% 10,5% 23,3
% 

22,9% 29% 

60 63 91 201 198 250 
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8. I am satisfied with distance learning 
organized by my faculty 

0 1 2 3 4 5 

8% 10,7
% 

10% 19,8
% 

24,6% 27% 

69 92 86 171 212 233 

 
9. I invested a lot of effort in distance 

learning  
0 1 2 3 4 5 

6,3% 5% 12,8% 26% 26,5% 23,4% 

54 43 111 225 229 202 
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10. I believe that distance learning is 

more effective than traditional 
learning  

0 1 2 3 4 5 

20% 25,5
% 

14% 17,1
% 

10,1% 13,2% 

11. I believe that distance learning is 
more effective than traditional 
learning  

0 1 2 3 4 5 

20% 25,5
% 

14% 17,1
% 

10,1% 13,2% 

174 220 121 148 87 114 

 

 
 

11. I think that traditional learning 
gives better results than distance 
learning  

0 1 2 3 4 5 

5,9% 7,3% 9,2% 16% 17,3% 44,4% 

      

51 63 79 138 149 383 
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12. Distance learning completely met 
my needs for learning  

0 1 2 3 4 5 

11,2% 16,3
% 

17,1% 21,1
% 

18,4% 15,7% 

97 141 148 182 159 136 

 
13. I would gladly repeat distance 
learning  

0 1 2 3 4 5 

16,4% 19,2
% 

12,6% 14,8
% 

12,6% 24,3% 

142 166 109 128 109 210 
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14. Distance learning cannot substitute 
traditional in-class learning  

0 1 2 3 4 5 

6,6% 9% 9,1% 19,1
% 

15% 41,1% 

57 78 79 165 130 355 

 
15. I think that distance learning is 
boring  

0 1 2 3 4 5 

11,3% 20,3
% 

17,2% 21,8
% 

13% 16,4% 

98 175 149 188 112 142 
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16. I enjoyed distance learning 0 1 2 3 4 5 

13,2% 15,3
% 

12,7% 22,2
% 

15,4% 21,1% 

114 132 110 192 133 182 

 
17. Distance learning was very tiring  0 1 2 3 4 5 

14,1% 19,7
% 

20% 22,3
% 

10,3% 13,5% 

122 170 173 193 89 117 
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18. I would describe distance learning 
as very interesting  

0 1 2 3 4 5 

11,8% 16,3
% 

19,6% 24% 14,1% 14,2% 

102 141 169 207 122 123 

 
19. Distance learning did not keep my 
focus entirely  

0 1 2 3 4 5 

10,8% 12,5
% 

13,5% 22,8
% 

21,4% 19% 

93 108 117 197 185 164 
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20. I expect to pass my exams after 
distance learning   

0 1 2 3 4 5 

5,3% 5,4% 8,8% 19,8
% 

26,3% 34,3% 

46 47 76 171 227 296 

 
21. I would completely switch to 
distance learning 

0 1 2 3 4 5 

21,9% 25,8
% 

11,6% 15% 9,1% 16,6% 

189 223 100 130 79 143 
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22. All courses conducted full distance 
teaching 

*(full distance teaching = online video 
lectures, interactive teaching materials, 
etc.) 

0 1 2 3 4 5 

11,6% 16,2
% 

12,7% 17,7
% 

14,9% 26,7% 

100 140 110 153 129 231 

 
23. All courses conducted partial 
distance teaching  

*(partial distance teaching = included 
one of the following: online video 
lectures, interactive teaching materials, 
or something else) 

0 1 2 3 4 5 

11,8% 11% 10,5% 18,8
% 

21,5% 26,3% 

102 95 91 162 186 227 
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Part III 
 

 

 

 

 

• I gained more than if I went to the university (15,3%, 
132 answers) 

• I gained less than if I went to the university (29,5%, 
255 answers) 

• Nothing can replace traditional learning (34,1%, 294 

 
24. There was no distance teaching in 
my courses 

0 1 2 3 4 5 

36% 38,5
% 

10,2% 8,4% 3,2% 3,8% 

305 326 86 71 27 32 
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What is your experience with 
distance learning during the 
pandemics? (select all that 
applies) 

answers) 
• I miss “live Word” (43,2%, 373 answers) 
• I missed my peers (38,4%, 331 answers) 
• I missed going to the university (35,1%, 303 answers) 
• It is far easier to follow lectures online, than to go the 

university (29,9%, 258 answers) 
• I did not understand lectures the same way I did in 

traditional settings (when I can physically hear and 
see professors and teaching assistants) (24,4%, 211 
answers) 

• This way of learning suits me more than traditional 
learning (20%, 173 answers) 

• I expect to pass my exams after distance learning 
(29,3%, 253 answers) 

• I was bored (14,9% , 129 answers) 
• I found it interesting (21,8% , 188 answers) 
• It did not keep me focused entirely (34,9%, 301 

answers) 
• I could not focus in house settings (32,7%, 282 

answers) 
• I enjoyed distance learning (26,9%, 232 answers) 
• I found distance learning tiring (18%, 155 answers) 
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Part IV 

 

What are the advantages of 
distance learning? 

• Cost reduction (for food and transportation, some stated 
that they canceled their rental housing) 

• Flexibility (at any instance they can follow lectures if 
there are recorded lectures, meaning they can review 
parts of lectures they needed to understand better) 

• Comfort and convenience (they can follow lectures in 
their pajamas while drinking coffee, and some theoretical 
lectures even in the nature)  

• Time saving and better self-organization 

132

255

294

373

331

303

258

211

173

253

129

188

301

282

232

0 50 100 150 200 250 300 350 400

I gained more than if I went to the university

I gained less than if I went to the university

Nothing can replace traditional learning

I miss “live Word”

I missed my peers

I missed going to the university

It is far easier to follow lectures online,…

I did not understand lectures the same…

This way of learning suits me more than…

I expect to pass my exams after distance…

I was bored

I found it interesting

It did not keep me focused entirely

I could not focus in house settings

I enjoyed distance learning
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• There were students who did not find any advantages in 
distance learning  
 

What are the disadvantages of 
distance learning? 

• Does not hold attention. One can lose focus quickly and 
easily (my mind wanders off, because in home settings I 
do not feel as if I am in the class) 

• After a few weeks motivation to work is lost, after a few 
hours you get tired working at the computer, the rhythm 
and dynamics are quickly lost due to lack of 
concentration and motivation. 

• Not enough concentration to focus on the lecture  
• Live word and contact with people  
• Technical problems, poor network connection, difficult 

communication  
• There is a lack of work atmosphere, it is easy to dodge, 

the sense of obligation is lost  
• There was no distance learning in all courses  
• Too much freedom at home, just being in the classroom 

setting means a lot  
• No disadvantages 

 

Courses in which distance 
learning was useful  

 

• Theoretical courses are most suitable for this type of 
learning 

• All courses can be understood pretty well using distance 
learning, because lectures published on LAMS are 
explained in a good and simple way  

• I cannot say that it was “very” useful for any courses, due 
to not having practical exercises (lab work) 

• Most students would not pointed out any particular 
course. On the other hand some of students pointed out 
that all courses were useful.  

Courses in which distance 
learning was not helpful to 
master the material provided by 
the course syllabus 

• Most courses - it takes more time to master the material  
• I missed lab work  
• I missed traditional lectures for all courses, but I still 

mastered the material, although to a lesser extent  
• There was no course that could not be at least partially 
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 mastered  

 

Part V 

 
Finally, please give your comments 
(good/bad) on organization and 
university operations during the 
pandemic? 

• Students are generally very satisfied with the 
implementation of distance learning 

• They felt safe, praised the reaction and work of 
the University (especially emphasized the earlier 
transition of BMU to full distance learning) 

• Students praised the fast adjustment in work of 
the teaching staff (some professors were 
especially pointed out) 

• Students suggested that using one, instead of 
multiple software for each course, for 
communication would be more adequate  

• The remark is that not all professors and assistants 
were equally engaged  

• Some pointed out that there was a lack of 
audio/video material, while they were very 
satisfied with the subjects where the video 
materials were placed so that they could study 
according to their own schedule.  

• As a positive view, students pointed out that 
additional examination periods and flexible 
(moved) deadlines helped with the completion of 
their course assignments 

• Students also expressed fear of the complete 
abandonment of traditional teaching, while 
teaching assistants who are also employed at the 
university (UNS) expressed high enthusiasm 
towards distance teaching.  

• They (students) pointed out that regardless of the 
quality of distance teaching, in most cases, 
preference is given to traditional teaching 
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SOME OF THE CONCLUSIONS FROM CONDUCTED QUESTIONNAIRE 

 
However, when the state of emergency shifted classrooms to the distance learning, the impact of 
such change on student motivation remains largely unexplored. 

This questionnaire was designed to provide empirical evidence on how different demographic 
factors can be linked to motivation, and what students believe are the positive and negative aspects 
of distance learning. The findings (both qualitative and quantitative) raise a number of important 
discussion points. It should be noted that the relationship between the perception of motivation 
and different demographic characteristics was statistically significant. First, regarding to the 
academic year, our analysis showed that first-year students were significantly less motivated during 
the learning process than students from higher years of study. In addition, they saw distance 
learning as less valuable and less interesting than others. On the other hand, the fourth-year 
students made significantly less effort during distance learning than students from lower years of 
study. These results indicate these students are most threatened when it comes to developing 
motivation to learn and may need more support than students from higher years of study when 
classrooms are shifted to the Internet and distance learning. 

Second, regarding the variance of academic performance of the student (student’s average study 
grade), the results of the research indicate that students with a higher academic performance have 
put more effort than other students. However, students with lower academic performance 
experience more pleasure and interest than other students. 

Third, with respect to investigating the influence of different learning environments (traditional, 
online and hybrid) on motivation, the research results indicate the importance of previous online 
learning experiences. We found out that students who attended a traditional learning were 
significantly less motivated than students who had previously attended an online learning. Finally, 
our research results indicate that there are no differences in respect to the various institution, as 
well as gender. The results of the correlation analysis indicate a positive relationship between all 
positive aspects of learning environments. Moreover, perceptions of negative aspects were 
interdependent. However, the relation between two distinct set of characteristic was strongly 
negative, rather than disconnected. These results correspond to the insights of the students who 
concluded that the primary advantage of distance learning was that they could  

a) work according to their own schedule in a relaxed environment;  
b) look at the lecture again if necessary;  
c) feel free to ask questions and communicate with teachers; and finally  
d) save travel time.  

Still, students clearly indicate the negative consequences  
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a) they felt the lack of motivation and focus;  
b) anxiety; 
c) pointing out difficulties with mathematic learning; and  
d) missing out on socialization and socioemotional aspect of learning. 
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