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Abstract

:

The transfer of educational activities to the online environment within blended learning, which was also accelerated by the COVID-19 pandemic, increases the risk of growing student procrastination. This article describes the design of the flipped class, which is designed so that students are supported and motivated to continuously perform individual tasks. Great emphasis in the described design of the flipped classroom is placed on supporting students in their activities outside the classroom. It is in this part of blended learning that procrastination is a frequent cause of students’ failure, not just in mathematics. The effectiveness of our proposed inverted class design has been experimentally verified. Statistical analysis of the data showed that students had a statistically significant reduction in procrastination behavior during the course of the experiment. The proposed flipped classroom design has the potential to increase students’ self-regulatory skills, which has been reflected in a change in their approach to learning responsibilities. Students’ approach to online learning outside the classroom has changed, and thus their probability of successfully completing the combinatorics course has increased statistically significantly.
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1. Introduction


Current university students belong to the Z generation (Gen Z), which is technologically advanced. They consider learning to be an activity without borders: they can learn anywhere and anytime. They prefer to use digital tools and online forums [1]. Therefore, it is not surprising to find that blended learning is currently one of the most popular and effective forms of education [2]. Blended learning can be defined as the thoughtful integration of face-to-face learning experiences in the classroom with online experiences [3]. This form of education provides students with new learning opportunities that were not previously possible [4], especially the greater use of information technology. The presence of information technologies in teaching contributes to a more intensive involvement of students in the educational process [5]. The opportunity to study outside the school environment allows the use of an inverted classroom or flipped classroom [6], which first became popular in secondary education in the United States [7]. Blended learning allows students to study outside the classroom at their own pace and at a time that suits them best. Education outside the classroom, with significant use of computer technology, also presents students with new challenges. Students are expected to have the ability to manage and conduct their studies without the direct support of the teacher, in addition to technological competencies. The absence of a teacher means testing students’ own involvement in the teaching process, which is crucial in education [8,9]. However, research suggests that out-of-classroom education brings some educational freedom that will seriously test students’ self-regulatory abilities. The freedom of self-paced learning offered by online forms of education always threatens students and too often leads to negative self-regulatory behavior [10,11,12]. Students often use the time assigned to study for other activities, which indicates their insufficient self-regulatory skills. This lack of self-regulatory ability of students very often manifests itself in the form of procrastination [13,14,15,16]. Procrastination is generally considered a psychological dysfunctional behavior [17]. This failure of self-regulation can be seen as an undesirable phenomenon that has a negative impact on the individual and also on society [18]. Not everyone is aware of the long-term negative effects of procrastination on themselves and their surroundings, and therefore, not everyone seeks help [19]. The present study focuses on the following research question:



RQ 1: To what extent is it possible to reduce the academic procrastination of undergraduate students by a suitably set flipped class design?



Academic Procrastination


Procrastination of students significantly negatively affects their learning outcomes and has a significant share in the non-completion of university studies. Unfortunately, procrastination is not an isolated phenomenon in university environments. According to research, more than 70% of university students tend to procrastinate [20]. Several studies have found that younger university students tend to procrastinate more often than older university students [21]. The transition from high school to university can be considered a critical moment. In high school, the student’s learning process is largely organized by the teacher with considerable support from the student’s parents. At the university level, external support is usually very limited (even in classroom learning), and therefore, young immature students may especially fail to self-regulate their learning processes and tend to fall into academic procrastination [22]. Academic procrastination most often manifests itself as a tendency to postpone the fulfillment of assigned study tasks until later, although this may have negative consequences for academic results [23,24]. Students falling into the settlements of procrastination while studying at university are only on their way to becoming fully independent adults and still need some support to successfully regulate their education [25].



Steel [24,26] found in his research that three basic factors contribute to students’ procrastination behavior: low probability of success in completing the task; the absence of personal benefit from the immediate performance of the task; and a large time lag between the completion of the task and the evaluation by the teacher. Grunschel, Patrzek, and Fries [27] investigated the reasons for procrastination through interviews with students. According to students, one of the factors influencing their procrastination behavior is the personality and attitude of the teacher. They cited the following characteristics of the teacher as reasons for their own procrastination: too lax approach, too high level of requirements, weak didactic competencies, and unsystematic teaching. Another important factor that contributes to the undesirable postponement of the fulfillment of study obligations is the inability of students to find adequate assistance in solving assigned tasks outside the classroom [28]. Approaches to reducing academic procrastination, which can be found in the literature, can in principle be divided into three groups: (1) therapeutic treatment, (2) therapeutic prevention, and (3) instructor/teacher intervention. The first two approaches are similar in that they use therapeutic interventions to reduce procrastination. In contrast, teacher interventions are usually very effective and easy to implement and do not require the teacher to acquire skills in specific types of therapy.



In our opinion, academic procrastination is a threat especially for those academic subjects where there is a close connection of individual knowledge. Such subjects include mathematics. Several research studies have found a significant correlation between academic procrastination and students’ academic achievement in mathematics, in the sense that the higher the procrastination, the lower the success in mathematics (e.g., [29,30]). Learning mathematics, in addition to cognitive difficulty, is accompanied by affective effects [31]. These may be the cause of the increased rate of academic procrastination, as mathematics is associated with distress and frustration with frequent failure for students [32]. In blended learning, this frustration can be exacerbated by the absence of a teacher who could provide students with the help they need, as they generally have difficulty finding adequate self-study help [14]. The high degree of frustration at failing to solve mathematics problems then supports the deepening of academic procrastination, as people have a natural tendency to avoid tasks that they find uncomfortable and engage in activities that are more beneficial to them, especially in the short term [33]. Based on the above research, the trend of moving education to the online space is strong. This trend, accelerated by the COVID-19 pandemic, on the one hand, allows for learning anywhere and anytime and, on the other hand, carries the risk of increasing academic procrastination. Therefore, it is necessary to adapt teaching methods to the current trend of education. The design of teaching methods suitable for the implementation of combined education must be set so that, in addition to the educational function, they support the growth of students’ self-regulatory abilities. Education design set up in this way has the potential to increase the success of students not only in the mathematical subjects of higher education. In order to reduce the rate of procrastination (especially in younger students), it is also necessary to focus on the position and role of the teacher in combined education, especially in the part of education outside the classroom. To reduce the high level of academic procrastination of students in the study of mathematics in the form of combined education, we have created a model for teaching a selected part of mathematics using the reverse class method. The aim of our research was to verify whether the teaching of mathematics at university by the reversed class method according to our model will contribute to the reduction of academic procrastination of students.





2. Methodology


2.1. Objective


The principle of the flipped class method is that what is usually done in the classroom, the student does at home on his/her own time and at his/her own pace, and what he/she did at home, he/she does at school under the so-called teacher supervision [34]. The flipped classroom thus consists of two components: self-study outside the classroom with the help of computer technology and time in the classroom where human interaction takes place [35]. In university courses, it is suggested that class time focus on the application of knowledge [36]. It can also give the teacher a better opportunity to spot mistakes in thinking. However, in order to fulfill this goal, it is necessary for the student to manage the domestic part of the education at the required level. We set up a flipped classroom design to have the potential to support students’ positive attitudes to study, which has long-term effects on changing student behavior [37]. According to the findings of Reed et al. [38], proper design of teaching instruction can positively set students up to study mathematics. We divided the subject matter of statistical data processing into shorter parts within weekly cycles. Students always had 6 days to prepare for homework, followed by a meeting in the classroom. At the beginning of each cycle, students received complete written materials for the given combinatorial structure for study outside the classroom. The written materials contained the theoretical basis of the curriculum and control questions. We divided the written material into several short explanatory videos, which were aimed at explaining key concepts and contexts but did not cover the full range of written material. We chose short, targeted videos because research shows that students prefer shorter videos than longer videos [39]. The videos were sent to students at irregular intervals to their student email addresses and through the MS Teams application, so we tried to regularly stimulate them with the learning process. Such teacher interventions combined with the irregular provision of study material should lead to a reduction in the procrastination behavior of students [40,41,42].



In view of the findings of several studies [43,44] that students were unable to receive adequate assistance when they did not attend class, we included other elements in the non-classroom section to offer space for students where they could find the help they needed. An online forum was set up where students could communicate with each other and help each other with their studies. Within the online forum, they had the opportunity to invite a teacher, who then provided them with the necessary support. Furthermore, students were given the opportunity to send questions to the teacher. The aim of learning outside the classroom was for students to achieve a conceptual understanding of basic concepts. These concepts were then the subject of applied teaching in the classroom.



Question storming took place in the classroom at the beginning of the meeting, and then the questions were answered in the form of a discussion under the supervision of the teacher. Subsequently, the subject combinatorial principle was explained and discussed using sessions to deepen the conceptual knowledge of students. In the next phase of classroom teaching, students solved various application tasks to gain a balance of conceptual and procedural knowledge in the taught issues. The activity of students in solving tasks and in the introductory discussion was continuously evaluated. This evaluation was included in the overall evaluation of students in the subject of combinatorics. At the end of the course, students took a knowledge test.




2.2. Participants


The experiment was carried out with the consent of the faculty management. We contacted 38 bachelor’s students who repeated the combinatorics exam from the previous academic year. On a voluntary basis, 27 students participated in the research itself. As part of the research, a code was generated for each student, which ensured his/her anonymity. The connection between the code and the student was not known to the research team.



Information Collection Tools


We obtained the data needed to evaluate the research by monitoring the activity of students involved during combinatorics in the form of a flipped class. These data were obtained with the knowledge and consent of the students and were recorded anonymously. We monitored the number of views of individual videos and the number of downloads of written materials. An important source of data was also the time interval that elapsed between the availability of individual study materials and their viewing by students. We also monitored the content and form of discussions between students in the online forum. The intensity of requests for help from the teacher was also recorded. As part of the activities in the classroom, we recorded the number and content of questions within question storming by students. The point evaluations of students’ activities during the solution of the tasks were carefully recorded. Since the obtained data form a sequence of comparable observations arranged with respect to time, we used time series methods to evaluate them. Specifically, we determined a mathematical function,   f  ( t )   , that describes the time series trend. The statistical measure of the accuracy of the estimated trend model is the coefficient of determination, which can be used to measure the adhesion of the data to the trend (regression) curve. The coefficient of determination is given by the relation


   R 2  =    S T     S Y    = 1 −    S R     S Y    ,  



(1)




where    S Y    is the total sum of squares, which characterizes the total variability of the explained variable and is given by


   S Y  =  ∑  t = 1  n    (  y t  −  y ¯  )  2  ,  



(2)




which is a theoretical sum of squares that explains part of the variability explained by the regression model


   S T  =  ∑  t = 1  n    (    y ¯   t  −  y ¯  )  2  ,  



(3)




and    S R    is the residual sum of squares that represents the unexplained part of the total variability:


   S R  =  ∑  t = 1  n    (  y t  −    y ¯   t  )  2  .  



(4)







The coefficient of determination takes values from the interval ⟨−1,1⟩ and determines the part of the total variability of the observed values, which can be explained by the given regression model. In other words, after multiplying the coefficient of determination by 100, we determine what percentage of the total variability is explained by the regression model. The coefficient of determination is therefore an important characteristic of the suitability of the chosen regression model.






3. Data Analysis and Results


3.1. Activities Outside the Classroom


The basis for evaluating the effectiveness of our model of teaching combinatorics in the form of a flipped class was the activities of students outside the classroom. At the same time, they were crucial for students’ activities in the classroom. The results of the recorded activities of students outside the classroom are shown in the following figures.



Figure 1 shows the gradual increase in the student’s withdrawal of written materials for study. The number of downloads increases over time. We estimated the trend by linear and nonlinear functions. Based on the calculated value of the coefficient of determination (R2 = 0.8683), we can state that the nonlinear function more accurately describes the measured data. The estimated nonlinear trend is given by 7.5335 ln(x) + 8.3211. Based on the above results, we can state that the time increase in the number of downloads does not have a natural linear course (the reliability of the linear model would be R2 = 0.6631). We consider the cause of the non-linear increase in the number of downloads to be a suitably set design of the flipped class. We consider this trend primarily as a consequence of the content of activities taking place in the classroom. At the same time, the fact that the video recordings focused on explaining some key or problematic parts of the content of the written materials also contributed to this trend.



When following the trend of other observed features (average number of hours from the availability of the video recording to its viewing; number of questions within the question storming activity; average number of points), we proceeded analogously and obtained the same results. This means that in all cases, the nonlinear function more appropriately describes the measured data in the time horizon. This again indicates that the temporal change in students’ behavior was due to the appropriate design settings of the flipped class.



In Figure 2, we again observe the gradual decrease in the time that took place between the availability of the video and its viewing by students. According to the activity records, the students watched the videos during this period mostly shortly before the meeting in the classroom. Findings from the first weeks of the experiment suggest a last-minute postponement. Gradually, however, the time interval decreased significantly, and students devoted themselves to study duties continuously throughout the week.



Figure 3 shows the average student participation in an online forum set up to teach a combinatorics course, as well as the average number of questions asked by a teacher who joined an online forum after recording a question and leaving the forum after answering the question and discussing it. The rising trend in the number of questions corresponds to the gradually increasing activity of students in studying outside the classroom.




3.2. Students’ Activity in the Classroom


We monitored the number of students’ questions asked as part of the introductory question storming activity. At the same time, we monitored the number of points that students gained when solving application tasks. The results of the monitored variables are presented in Figure 4 and Figure 5.



As part of the question storming activity, an increasing trend in the number of questions was recorded. Additionally, questions similar in content were considered to be one question. There was also an increasing trend in the number of questions in the online forum. However, the questions posed in these different activities were qualitatively different. Within the online forum, questions aimed at confirming whether the student understood the given concept or parts of the curriculum correctly prevailed. In the question storming activity, conceptual questions predominated to better understand the relationship between the new curriculum and the knowledge already acquired. There were also (from week 4) questions to explain some step of the calculation in the sample example. In the content structure of the questions, we observed a gradual shift from procedural and factual questions to conceptual ones.



The recorded rising trend corresponds to the rising quality of homework that took place in a flipped class outside the classroom. Additionally, based on activities where it was necessary to apply new knowledge from homework, it can be stated that the reduced rate of procrastination of students had a positive effect on their success in application tasks.




3.3. Knowledge Test


After completing a course in combinatorics in the form of a flipped class, the students were given a test in the subject of combinatorics. We were interested in whether the students achieved better results after completing the seminar than in the previous year. We compared the test results of individual research participants with the results achieved by the same students in the subject of combinatorics in the previous academic year (before completing the course). We used the Stuart–Maxwell test to evaluate the test results before and after the seminar.



The Stuart–Maxwell test [45,46], a score-type test, is an extension of McNemar’s [47] test to the situation where responses are allowed more than two response categories.



For the general matched-pair data summarized in an r × r square contingency table with total sample size n, we denote the probability of falling in to the ith row and jth column as    p  i j    , and we define the marginal probabilities    p  i ⋅   =  ∑  j = 1  r   p  i j   ,     i = 1 , 2 ,     … , r ,   and    p  ⋅ j   =  ∑  i = 1  r   p  i j   ,     j = 1 , 2 ,     … , r ;   clearly    ∑  i = 1  r   ∑  j = 1  r   p  i j   = 1  . We usually write by using the probability table (Table 1), which is generally in the form below:



Additionally, we denote the corresponding number of observations in the associated cases as    n  i j    ,    n i   , and    n j   , respectively (Table 2).



To test the marginal homogeneity of the two sets of probabilities, we are interested in assessing the hypothesis    H 0   :    p  1 ⋅    =     p 1   ,    p  2      =    p 2   , …,     p  r ⋅    =     p r   .



Let    d i  =  n i  −  n i    for   i = 1 , 2 , … , r   and   d =   (  d 1  , …   ,  d r  )  ′  .   Denote    V  i i   =  n  i ⋅   +  n  . i   − 2  n  i i   ,      V  i j       = −  (   n  i j   +  n  j i    )    for   i ≠ j   and    V *  =   (  V  i j   )   i , j = 1   r − 1   ,      d *  =   (  d 1  , … ,  d  r − 1   )  ′  .   Then, if the hypothesis    H 0    is true, the Stuart–Maxwell test statistics   Q =  d    *   ′    V *     − 1   ,    d *    are asymptotically chi-squared with a degree of freedom   r − 1   for   n → ∞  . Consequently, if   Q ≥  χ α 2   (  r − 1  )  ,   we reject the hypothesis    H 0    at the significance level, which is asymptotically equal to   α .  



In our case, we tested the null hypothesis    H 0     with the Stuart–Maxwell test, which expresses that the probability of obtaining a better grade is the same before and after completing the course. We will test at a significance level of α = 0.05. The following Table 3 is contingency table for the individual grades (marks), and Q is the calculated value of the Stuart–Maxwell test criterion. We will compare the value of the test criterion Q with the critical value    χ  0 , 05  2   ( 4 )  =   9488, or    χ  001  2   ( 4 )  =  13.277. We reject the tested hypothesis    H 0    at the significance level α = 0.05 (or   α = 0.01 )  . if the value of the test criterion Q is greater than or equal to the critical value 7.815 (or 13.277).



We calculated the value of the Stuart–Maxwell test, Q = 27.268. As the calculated value of the test criterion is greater than the critical value of 13.277, at the level of significance α = 0.01, we reject the tested hypothesis     H 0   , that the probability of obtaining a better grade after completing the course is different for students than the probability of obtaining a better grade before completing the course. The observed differences are statistically significant. We also showed the situation graphically (Figure 6).



Based on a graphical representation of the results of both tests (Figure 6), we can state that the probability of obtaining a better grade increased after completing the course. From Figure 6, we can see that after completing the course, the number of students (40%) who received a grade 1 on the test increased significantly. It was only 7% for the seminar. The result of the Stuart–Maxwell test together with a graphical representation of the test results entitles us to the conclusion that by completing the course there was a positive change in students’ knowledge of combinatorics. This demonstrated that the design and conceptual framework we designed for the flipped classroom was effective by reducing student procrastination.





4. Discussion


The flipped class is a frequently used method in combined teaching. It consists of two parts: independent work outside the classroom based on available study materials and application of knowledge gained from “homework” in solving classroom tasks. Academic procrastination is a significant threat that reduces the effectiveness of the flipped class method. The flipped class model was used for the first time for the participants of the experiment, and the recorded data from their activities prove that they underwent the process of adaptation to the new educational method. This process of adaptation was not as simple as many studies suggest (e.g., [48,49]) but required a motivational setting of the course, especially the part outside the classroom, as well as support from the teacher. Our research has confirmed that key aspects of the success of a flipped classroom include its design and conceptual framework, as well as the types and uses of specific technologies to engage students [34].



The design of our course has been set up so that students who, due to their low ability to self-regulate, postpone their study duties during the out-of-classroom phase gradually realize that their success in the classroom is conditioned by their preparation outside the classroom. At the beginning, the students were informed about this course setting, but nevertheless, the activities recorded by the students in the initial weeks of the experiment indicate a considerable degree of their procrastination. In the first week, we did not notice a single activity in up to 73% percent of them in the study outside the classroom. In the second week it was only 47%. In the following weeks, all students gradually showed extracurricular activities. Thus, a gradual decline in their academic procrastination can be observed in students’ behavior. We attribute this decline to two important factors. First, it is the method of teaching chosen by us in classroom meetings, where teaching was focused on application tasks, and students’ activities were continuously evaluated, and the points obtained were included in the overall evaluation.



Our finding corresponds to and confirms the findings of Tuckman [50] that the regular grading of students during the course, which contributes to the overall evaluation of the course, motivates procrastinators to study continuously during the course. Students at the meeting in the classroom, in addition to points for the overall evaluation of the subject, also received immediate feedback on the current state of their knowledge. According to Cooper [51], feedback is necessary for students to understand where their knowledge needs to be improved. Our results are consistent with the research of Liu et al. [52], who demonstrated the improvement of students’ learning in the use of teaching strategies with the presence of immediate feedback. The second significant factor we found to influence the gradual decrease in procrastination was the way in which video recordings were included in the course design. At the beginning of the course, our experiment confirmed that students prefer video recordings to reading written material [53,54]. However, the videos did not cover the entire content of the written material (as expected by the students) but formed a certain superstructure for a better understanding of the written material. This proposed change in the content of video recordings proved to be beneficial and contributed to the motivation of students to read written materials and at the same time watch video recordings. In this way, we achieved the result that students came to meetings in class better prepared than they would have been with just watching videos or just reading written materials, which confirms the findings of several researchers (e.g., [55]). At the same time, we succeeded in eliminating the incomplete reading tasks referred to by Sappington et al. [56]. In the study behavior of students, we recorded a process of gradual change in the approach to self-study.



This process of change took place in the first three to four weeks, where students “looked for” a way to effectively study the materials made available. At the beginning of the course, the students focused on the use of video recordings just before the meeting in the classroom, and the quality of the questions within the question storming activity testified to the focus on invoicing knowledge. This phenomenon identified by us points to the reproductive style of learning, which is preferred by students mainly at the beginning of university studies [57]. The focus of classroom meetings on the application of knowledge encouraged students to change their homework and gradually changed their homework as well as their meaning-oriented learning style [58]. This learning style requires more time for students to study, and as a result, we saw more regular activities in the extracurricular part of the course. We interpret this fact as a manifestation of a decrease in procrastination. At the same time, we observed an increase in students’ own involvement in their studies, which is an important element for success in the flipped classroom [9]. We consider the identified change in students’ learning style as a confirmation of the correct concept of our proposed combinatorics course, which by setting its individual components, encouraged students to think on a higher order (application tasks), which increases the likelihood of active student involvement in the learning process [59].



The presence of an online forum within the course also contributed to the acceleration of the trend of declining student procrastination behavior, where we found from the content analysis of the contributions that in the first 3 weeks, students had a mutual discussion on how to prepare for a classroom meeting. Later, mutual help and support for students in learning a new curriculum prevailed. The possibility of asking the teacher questions on an ongoing basis was also a relatively important aspect of supporting students’ study activities outside the classroom. All questions asked to the teacher outside the classroom were answered in the form of a video recording, and these video recordings were made available to all course participants. The high level of viewing of videos with the teacher’s answers testifies to the justification of the inclusion of this element in our concept of the flipped classroom. In this way, students were helped to overcome any obstacles associated with difficulties in understanding the new curriculum that would prevent them from continuing their homework, thus maintaining and supporting the regularity of study in the online part of the flipped classroom. At the same time, we have eliminated an undesirable fact, which is that students often seek help from unreliable and informal sources, such as various “tutorials” on various websites, in online teaching [14].



The gradually increasing number of questions per teacher was also reflected in the questions in the classroom as part of the question storming activity, where the factual questions gradually receded, as these were resolved in home training with the support of the teacher. The changed learning style and the associated lower rate of procrastination were reflected in our experiment in that students thought more about the nature of new knowledge and its connection with their already acquired knowledge; they tried to evaluate and combine individual knowledge more. Such an approach is the expression of an engaged student who has been actively involved in the learning process [60]. The results of our research revealed that the correct concept of the flipped classroom leads to the involvement of students already in activities outside the classroom. Based on the monitored variables within the activities of students at class meetings, our assumption was confirmed that application tasks will gradually encourage students to change their approach to study outside the classroom. We interpret the gradual change in students’ approach to the activities within our course as a change in their internal settings. Students began to believe that learning outside the classroom could lead to success in a combinatorics course. A change in internal setting evoked by a belief in one’s own ability is also reflected in a change in the way he/she learns [61]. The change in their home preparation was reflected in classroom meetings as the number of successful students gradually increased. A comparison of the results of the knowledge test, which the students passed after completing the course with their previous results, showed a statistically significant increase in the probability of success of the participants in the experiment in combinatorics. As one of the reasons for increased success, we identify the reduced procrastination of students, because procrastinators achieve significantly lower scores in written mathematics than non-procrastinators [62]. According to the results of our research, our proposed concept of the flipped class has the potential to reduce the academic procrastination of students and thus increase their success in mathematical subjects of university study.



In further research, we recommend identifying how it is necessary to modify the proposed design of the flipped class for application in the master’s degree. According to several studies (e.g., [54,63]), there are differences in access to online education between undergraduate and graduate students. At the same time, we recommend that further research be devoted to the creation of study materials that would support students’ conceptual acquisition of new knowledge in the preparation outside the classroom.




5. Conclusions


Based on our research, we can say that if we expect students to succeed in the flipped class, it is very important to direct the students’ minds. The high level of academic procrastination testifies to the inappropriate study setting of students for online education. Therefore, within our concept of the flipped class, we focused on the inclusion of its individual steps so that they follow each other and encourage students to participate in all activities. For students to be successful in our course, they first had to study written materials and then watch videos explaining key points. Another important factor that influenced the success of the new concept of teaching the “flipped classroom” for students was the online forum and the opportunity to ask the teacher questions. Only quality home preparation allowed them to be successful in class meetings and continuously gain points for evaluation. Classroom assignments were chosen to give students the confidence that they could succeed in combinatorics. This changed their mindset and thus their approach to learning, as evidenced by the changing activities we observed in our experiment. Our research has also confirmed that academic procrastination can be reduced by a flipped classroom design. The necessary motivating factor leads the student to gradually realize that quality home preparation will help him/her to be successful in the subject and finds support in his/her study efforts in the concept of the flipped class.
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Figure 1. Average number of downloads of written documents in individual weeks. 
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Figure 2. Average number of hours from making a video available to viewing it in individual weeks. 
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Figure 3. Student activity in the online forum for each week. 
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Figure 4. Number of questions within the question storming activity for each week. 
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Figure 5. Average number of points per student. 
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Figure 6. Results of both tests from combinatorics (in %). Source: the authors. 
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Table 1. Probability table.
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Table 2. Contingency table.
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Table 3. Test results from combinatorics (in %).
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After

	




	
1
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3

	
4

	
5

	
Sum






	
1
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0

	
0

	
0
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7
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2
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Sum
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2

	
100

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Average number of lessons

35

30

25

20

15

10

R> =0.8546

y =-10.98 In(x) + 31.284






nav.xhtml


  sustainability-13-08668


  
    		
      sustainability-13-08668
    


  




  





media/file2.png
Average number

30

25

20

15

10

y = 7.5335 In(x) + 8.3211

R>=0.8683

10.





media/file5.jpg
Average number

30

2

2

1

1

week

9 10

mparticipation in online learning = questions to the teacher





media/file3.jpg
Average number of lessons

35

30

2

2

15

10

v

-10.98 Inx) + 31.284
R?=0.8546

y=-23818x+27.8

10,





media/file1.jpg
Average number

30

25

20

15

10

y=7.5335 In(x) +8.3211
R?=0.8683

5939x+10.933
A= 06631

10,





media/file7.jpg
Number of questions

y=06360x+ 16
R?=0.7441

10,





media/file10.png
Average number of points per student

y = 1.4444 In(x) + 0.7503

R*>=0.9118

10.





media/file12.png
O O O o o o
n < oo N -

(%) sispuodsau jo JaquinN

Marks

B after

O before





media/file9.jpg
Average number of points per student

y=14444 In(x) + 0.7503
R=09118

Week

3067 +1.2453
R?=07012

10,





media/file0.png





media/file8.png
Number of questions

y =2.7902 In(x) + 0.8856 N
R2=0.8385 = A .ttt

......... y=0.6364x + 1.6
......... R? =0.7441





media/file11.jpg
2 9228 9 ©
2 8 8 R =

(%) s1puodsal Jo saquiny

Marks

after

Dbefore





media/file6.png
Average number

30

25

N
o

=
192

=
o

92

1. 2. 3. 4, 5. 6. 7. 3. 9. 10.

week

M participation in online learning questions to the teacher





