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ABSTRACT 

The traditional scoring is based on the difficulty of the task. However, the same total 
score can be earned with different knowledge, hence it is difficult to create 
homogenous groups by only relying on the total score. In our work, we aim to 
present a new scoring method where such knowledge-based groups can be created, 
as opposed to the previous point-based method. 
For comparison of the test result done by the students, we utilized different distance 
measures. The main challenge with finding the similarities between the results is the 
high dimensionality of the data compared to the total number of observations. 
First, we used the traditional Minkowski distance with different p values, then we 
used local similarity hashes and high dimensional embedding techniques designed 
originally for natural language processing. With these never before used techniques, 
we were able to identify students with similar skillsets and knowledge. Furthermore, 
we utilized dimension reduction methods (t-SNE and UMAP) to make a lower 
dimension representation where we can cluster the data easier. These clusters and 
pairwise similarities were assessed by oral exam subjective scores. 
The teacher's subjective scores correlated more with this new metric-based method 
of scoring than the total test score itself. The presented procedures can not only be 
used effectively in research but can also help to get a more complete picture of the 
students' knowledge we teach in everyday practice.  
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1 INTRODUCTION 

Testing has several functions in the learning process. However, in many educational 
contexts, it is still used only to check knowledge: the test is the way in which the 
student reports on the extent to which he or she has mastered what has been 
learned. However, recent brain research suggests that tests may have a greater role: 
testing can be seen as part of the learning process, because rather than repeatedly 
introducing the knowledge to be learned, recall is a more effective tool for learning. 
With tests of the right difficulty and taken at the right time, we can acquire long-term 
knowledge. 
The analysis of the results obtained is also an essential element. We can now 
visualise data in a number of ways, some of which are almost artistic, but they are 
not all about beauty . A well-done visualisation can also lead to the discovery of new 
correlations. Assessing the results obtained in different ways can enrich our analysis. 
Evaluation as feedback is an important part of the learning process. There is 
evidence that timely feedback during learning increases the effectiveness of the 
process [1], [2]. Correct assessment and appropriate feedback also inform the 
learner whether his/her preparation has been adequate. As well as being fair, good 
assessment should also be motivating. It should encourage the student to progress 
to the next level by doing more work.  
Good assessment of knowledge and ability is also important for the person doing the 
assessment, for example, if you want to create smaller, more homogeneous groups 
in a large, heterogeneous group of students to increase the effectiveness of 
teaching, it is important to define the groups well.  
It is not uncommon for students to come to a course with very different levels of 
knowledge. Then, when evaluating their tests, it may be important to be able to find 
errors that result from a lack of knowledge (for example, a student cannot solve a 
problem because he or she does not know how to calculate scalar multiplication), in 
order to distinguish them from those that result from, for example, an incorrect 
algebraic transformation. With this knowledge, we can form groups of students much 
more effectively. 
As the drop-out rate in STEM fields is also high in Europe, many higher education 
institutions are measuring first-year students to identify those at risk and start 
catching them up as soon as possible. It is also important to find first-year students 
with exceptional potential, for whom talent programmes offer the opportunity to 
develop their skills in a way that is appropriate to their abilities.  
For many first-year university courses, it is a prerequisite that the student has 
passed a test from the secondary school curriculum at the appropriate level. Such 
tests, which can cover several subjects, are designed to check the knowledge 
required for entry to studies. It should be borne in mind, however, that if an incoming 
student fails a few tests in the first week, this may discourage him from starting his 
studies. It is also not ideal if, after the admission procedure, a lengthy series of tests 
is used to determine who needs catching up. In addition, there is often insufficient 
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time to complete tests in class, and extra-curricular activities are difficult to organise 
for large classes. It is important to use the same or very similar assessment tests, 
but in this case, it is not possible to write at different times. 
In the case of voluntary participation, we have found that the very people who do not 
attend the sessions advertised in this way are those who later have difficulties in 
progressing according to the curriculum. We therefore consider this solution to be of 
limited effectiveness.  
It can therefore be seen that, while measurement is certainly desirable, it is not so 
easy to implement. And once we have measurement results, it is worth making the 
most of them. We now have increasingly efficient algorithms to help us with the 
evaluation. 
In the following, we would like to show examples of what we can learn about a 
population by evaluating the results of a test using different methods. Often, we are 
looking for answers to the question of who wrote similar tests, how far apart the 
students are according to a metric of our choice.  
One of the major problems to be solved in online education was to reduce the 
amount of cheating. The EduBase online education platform that we use has several 
features that try to reduce the use of illegal devices [3]. For example, the system 
alerts when the screen is being recorded or when the person completing the test 
leaves the page. The order in which the test taker progressed through the tasks and 
the time spent on each task can also be accurately tracked. But there are still plenty 
of opportunities for cheating. With the analysis we present, we have been able to 
filter out students who may have been communicating on another device.  
Furthermore, we demonstrate a data visualisation procedure using graphs that 
displays the results of a test in an easy-to-understand format. In all cases, we will try 
to present our computational results in a visual way. 

2 DATA 

For our analysis, we use the results of a test we developed at the Budapest 
University of Technology and Economics, which consists of mathematical and 
linguistic elements and is used to identify those at risk of dropping out and those who 
deserve talent support. However, the procedures presented here can be used to 
analyze the results of any test. Only a handful of parameters are required for the 
analysis, the most important is the results of each question. This can be a 
continuous variable, an integer, or a binary value. Other parameters also can be 
used, for example, the time it takes to answer each question or the background of 
the student (ie: high school, study group). At our university, we have study groups 
and in online settings, they tend to work together, even if they should work 
independently. Previously, we used a single-component test with only mathematics 
problems to measure the proficiency of first-year students, but we found that the 
picture is more nuanced when language problems are included [4], [5]. Indeed, the 
results of the mathematics tests are distorted by the fact that students focus on 
practising different types of tasks already in preparation for the exam. This proved to 
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be a winning strategy in that situation, the lack of real understanding did not 
significantly affect the outcome - the grade obtained. We often find that students who 
come to us are calculating derivatives or doing integration, but they do not have the 
correct understanding of the meaning of derivation or infinitesimal summation. The 
greater variability of language tests makes it much more difficult to learn without a 
deeper understanding, so the use of a complex test has proved more effective. 
The maths part of the test consisted of 14 tasks, while the language part consisted of 
30 tasks, with 90 minutes to complete. (The larger number of language tasks is due 
to the more detailed breakdown of the tasks for electronic evaluation, while in 
mathematics it was not necessary to break down the tasks into smaller parts.) 
Language questions are similarly varied. The tasks are weighted by difficulty. This 
provides us with a data set that measures a wide range of knowledge.  
The other test on which we present a possible form of evaluation and data 
visualisation is the results of a test measuring geometric reasoning, compiled by 
Usiskin based on van Hiele's theory.  
The subjects of both our tests were first-year students of mechatronics and energy 
engineering admitted to the Faculty of Mechanical Engineering of BME in 2020. A 
total of 153 participants took the test. They are students with high admission scores, 
high aptitude and the most homogeneous knowledge levels. So, when we define 
distances, we are actually looking at a population of very similar elements, according 
to their secondary school results, their matura exam, and trying to find the subtle 
differences that can be taken into account to create effective groups of students and 
to identify the gaps that need to be filled for them to succeed in the obstacles. 

3 METHODS 

Determining the distance between two data points is not always straightforward. 
Mathematicians have developed several methods to characterise this distance. 
There are two main directions: one is designed to measure the distance of binary 
vectors (vectors containing ones and zeros), and the other is for real-valued vectors. 
An example of the former is the Jaccard distance, which we use, and the latter is the 
Minkowski distance. The Minkowski distance reproduces several well-known 
distances with the appropriate choice of parameter, such as the Manhattan distance 
(p = 1) or the Euclidean distance (p = 2). There are also much more complex metrics 
with area-specific properties, but these will not be discussed due to space limitations.   
These metrics can also serve as a basis for the construction of a graph. One way to 
create such a graph is to construct a matrix of pairwise distances, which becomes 
the adjacency matrix of the graph. On this basis, the weight of the edge between two 
data points will be proportional to the distance between them. The resulting matrices 
can now be well studied using graph theory methods but can also be used as a basis 
for manual studies using, for example, a Force Atlas visualization. In this case, the 
edge weights act as virtual springs, with samples of similar properties pulled together 
and outlier points pushed apart. 
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The best known and frequently used dimensional reduction method is principal 
component analysis. This allows us to identify the directions with the largest 
variance, which is useful information in the reduction process because it tries to keep 
the differences in those directions that allow the data to show distinct groups. This 
procedure gives a good picture of the distribution of the data globally but is not as 
detailed locally.  
The t-SNE method tries to preserve this local relationship by keeping points that are 
nearby in the higher dimensions as well as in the lower dimensions. This closeness 
is mostly controlled by the adjustment of the number of nearest neighbours. The 
UMAP method similarly focuses on maintaining local similarities but is also more 
effective at maintaining global similarities. This method is also based on nearest 
neighbours and builds a graph based on their distances, optimizing the lower 
dimensional similarity using a stochastic gradient descent method. More modern 
versions of these latter two methods have appeared (TriMAP, PaCMAP), which are 
now able to produce good dimensionality reductions without complex 
parameterization, considering global and local features, but they do not always 
provide better results. These were also tested but did not give significantly better 
results. 
We used Python for our analysis because it provides easy access to huge amounts 
of statistical and computational methods. The first step is data ingestion and 
cleaning. The data comes in XLSX format for the online learning platform. After 
removing the unnecessary variables and missing values we can compute the 
distances between the students. Based on these distances we can find the most 
similar students. A graph can be created based on this distance matrix, the distance 
matrix is as assigned as the graph’s adjacency matrix. 
This similarity can be due to knowledge similarity or due to cooperation. Based on 
the timing of the test and the order of the questions we can sort out the cheaters. 
Overlapping time and the same order of completion can be telling in this situation. In 
the last part, we reduce the dimensions of the data with the aforementioned 
methods. This step is for visualization, manual similarity checking, and clustering.  

4 RESULTS 

The most common way of evaluating a test is to weight the tasks according to 
difficulty and then add up the scores for each task to get a final score, which can be 
used to give the student a grade. Students with the same score will then receive the 
same mark, but their knowledge may be different. Consider an essay where you 
want to check a wide range of knowledge. If you have hundreds of students taking a 
test, online testing is preferable as it is quicker to correct. Another advantage is that 
the results of the tasks corrected by the machine can be easily retrieved and used 
immediately for analysis.  
Figure 1 illustrates the results obtained using UMAP on the study population. Each 
dot represents a student, the same colour indicates that part of the maths-language 
test that was designed to test how the knowledge acquired in high school was 
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applied in situations that they had encountered in high school. (The first third of the 
math test assessed procedural skills, here were algebraic transformations, and 
calculations with identities. The second third was the part mentioned above, while 
the last third was to solve problems for which the students had acquired the 
necessary knowledge in high school, but the task was unusual, most likely they had 
not or had only rarely encountered the application of their knowledge in such a 
setting.) Although the colouring was done according to the scores on the middle 
block of the mathematics test, the separation, finding students with close knowledge 
of each other, was done based on the overall test scores. We can see that there are 
dense clusters of the same colour in the point cloud, marking students who are close 
to each other in terms of knowledge, but it is also clear that points of the same colour 
can be very far apart. If we want to create groups with homogeneous knowledge, 
then students represented by the distinct point clusters in the figure can be placed in 
a group. 

 

Fig. 1. UMAP results – the colour represents the high school math knowledge  

 
The result of the clustering obtained by t-SNE is shown in Figure 2. Here again, each 
point represents one student, and the colours are defined according to the maths 
scores in the maths-language test. Red represents a score of 0, while purple 
represents the maximum score. The figure shows several small clusters, with those 
making the same type of error closer together. No larger, distinct clusters have 
emerged. It is also striking that students with a medium score are almost evenly 
distributed in the point cloud. This follows from the fact that they may have made the 
most type of mistakes. 
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Fig. 2. Result of t-SNE based on the test – the color represents the 
total math score  

In Figure 3, the dots are coloured according to the score on the mathematics test, 
representing one student. The figure illustrates the distance of each completer from 
a correct completion.   
In the figure on the left, we have used the so-called L1 norm (Manhattan distance), 
while in the figure on the right, we have used L2 (Eucledian distance). The left graph 
shows that students with identical scores in mathematics are close to each other in 
this respect but can be very far apart in terms of their scores on the language test. 
Note, however, that those who scored poorly in maths were also far from perfect in 
the language test. 
The figure on the right shows the distance according to the L2 norm. Here the 
reason for the clustering is due to the metric calculation, not to a real separation.   

  

Fig. 3. L1 (left) and L2 (right) distance from a perfect test both in the math and language part  

 

4.1 Investigating cooperations and cheating 

The use of distance metrics and the overlapping of time periods allows cheating to 
be detected. If the match is high and the temporal relationship is given, cooperation 
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may be at work in many cases. Proving this is difficult, but the closeness suggests 
that the students were working together. Cheaters are detected by examining the 
distance matrix and analysing it. There does not have to be a perfect match, just look 
for deviations much smaller than the average distances, for example, based on the 
histogram. The next step in the analysis is to examine the overlap in time. This 
procedure can play a key role in making online examinations more secure. A 
visualisation of our calculations is shown in Figure 4. The group circled in blue is the 
group of near-perfect candidates, where the reason for near-perfection is not 
cheating but few errors, while the group of a few candidates circled in green has the 
same number of errors and a similar temporal pattern. There is a suspicion that they 
wrote their test jointly. 
 

4.2 Finding redundant questions 

The 25 vertex graph in Figure 5 illustrates the results of the 25-question van Hiele 
test in the study population. The test reveals levels of geometric thinking. The van 
Hiele pair defined 5 levels of thinking, each level is measured by 5 questions. The 
first level is assessed by the first five questions, the second level by the second five 
questions, and so on. The test, questions and evaluations are described in detail in 
Usiskin's work [6]. The vertices of the graph are the tasks, which are connected by 
weighted edges. The weight of the edges is given by the probability of solving the 
problem of the two vertices of the edge. In the figure, the weight of the edges is 
represented by their thickness, length and colour. A thicker edge indicates a higher 
probability of solving. These are the short green edges in the graph. For example, 
many people solved problem 13 and 18 correctly. While the problems represented 
by the thin, long pink vertices (e.g., 2 and 9) were solved by few.  
When assessing performance, we would like to assess the knowledge of those 
completing the tasks in depth. We would like to set a wide range of tasks, but the 
completion time should not be too long. The question arises as to which tasks can be 
discarded. The results of a test written in the framework of a pilot study can be 
visualised using the above procedure and it quickly becomes apparent that the 
middle tasks can be omitted from those that are linked with a heavy weighting edge. 
In this way we can optimise the completion time and reduce redundant items. This 
procedure can also help us in the teaching process: we can easily identify the types 
of tasks that need further practice and those that our students are already solving 
with good results.  
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Fig. 4. Force-directed graph drawing of the 
knowledge similarity graph – blue circle shows the 

perfect tests, green circle for the suspicious 
students   

Fig. 5. Question similarity graph – green 
edge connects the similarly completed 

questions, purple for the large differences 

 

5 CONCLUSION 

 
     Cheating became a huge problem in online exams during the pandemic and its 
detection requires manual reviews which is not feasible for large student groups. We 
encountered problems with knowledge homogeneity, some students lack a basic 
understanding of math due to inefficient online learning during their last year in high 
school. These large disparities make catch-up lessons essential. 
Above, we have presented methods for evaluating test results, which not only 
visualize the results obtained in the exams but can also be useful for detecting 
cheating or for group creation based on similar knowledge, which can be crucial for 
efficient teaching.  
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ABSTRACT 

University studies were also significantly affected by the pandemic. The first-year 
students had already spent the last months of high school, which are especially 
important for graduation, in distance learning. In Hungary, the graduation procedure 
was changed due to the epidemic. Education was completely digital in hybrid form: the 
lectures were held online, and the seminars were attended in-person and from 
September of 2021 again in-person. Our research team has been monitoring learning 
time and effectiveness for years using the EduBase online educational platform, which 
provides a framework for all teaching aids for the calculus subject.      
In our research, we analysed the learning processes and their effectiveness of 
mechatronic and energy engineering students who were admitted to BME in 2020. 
The results were compared with the learning habits of the class of 2018, with whom a 
detailed study was also performed. It can be stated that the pandemic greatly 
influenced the learning time: students took advantage of the available practice 
opportunities to a greater extent in digital education, which did not reduce the practice 
time during the end-of-semester spurt, thus, learning became more balanced. 
Considering the high school results, it can be observed that on average, those who 
took advanced level subjects spent more time practicing, even though they had 
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already mastered some calculus in high school. In addition, test scores also influenced 
practice time, while students coped successfully even with the more difficult tasks. 

INTRODUCTION 

The transition from high school to university is challenging for students even without 
the difficulties of the epidemic. In 2020, it was especially difficult for graduates. 
Knowing that the first-year students had already spent the last months of high school 
in online education, and due to the epidemic, only hybrid education is implemented at 
the Budapest University of Technology and Economics, we paid special attention to 
our students' learning. In the summer of 2020, we created a carefully compiled 
workbook. During the online lectures, the students were able to fill in the missing parts 
of the workbook (e.g., proofs, examples) and take notes on it. During the semester, a 
video was created for each topic weekly, in which we presented a detailed solution to 
exercises. In the EduBase online education platform, students had parameterized 
practice exercises for each topic. Thus, each time they entered the platform, they got 
a different task. The students could do their weekly homework also in this EduBase 
system. Furthermore, they wrote the first and second midterms and the exam via this 
same platform. Lectures and weekly consultations took place at MS Teams. Therefore, 
the whole learning process became easy to monitor. For each student, we could see 
every day how much time they spend on the calculus subject (e.g. doing homework, 
practicing), when and how effectively they deal with the material. 

We have carried out similar monitoring in previous years [1],[2],[3], while attendance 
education was still ongoing. The main result of these studies was the following: 
although students willingly learn using the online platform, towards the end of the 
semester, when their duties accumulate, they spend much less time practicing. We 
knew that we need to pay close attention to this in this pandemic and try to prevent 
this decline. At the beginning of the semester, we tried to assess the students' level of 
knowledge, skills, and level of thinking with several tests. Thus, we attempted to 
screen out students who may have difficulties during the semester to help them if 
needed. We assigned senior tutors to our students. A tutor dealt with 10-15 students, 
paid more attention to them, and held individual consultations for them. Both tutors 
and teachers were very enthusiastic and engaged with the students to help them 
successfully overcome the obstacles of the transition to higher education. 

1 DATA AND METHODS 

1.1 Investigated group 

The students in our study population were admitted to two majors with the highest 
admission scores of the leading technical institution in Hungary. In 2020, the 433 
points were for mechatronics, and 349 points for energy engineering were the 
inclusion point limit. A maximum of 500 points can be earned [4]. The average 
admission score of the mechatronics in our study population is 459 points, the 
standard deviation is 15, while the average score is 421.5, and the standard deviation 
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is 33 points for energy engineering students. A large proportion of students came from 
a high school where they studied mathematics or science subjects in a higher number 
of hours. This ratio is 51.6% (32 students) for energy engineering students and 51.1% 
(47 students) for mechatronic students. 59 (64.1%) of the mechatronics students and 
41 (66.1%) of the energy engineering students graduated in advanced level in 
mathematics. They studied math at an advanced level, which means they had at least 
5 math classes a week as a high school student. Furthermore, their high school 
curriculum included differential and integral calculus, meaning that they had already 
learned a lot about what is described in the calculus subject. 

1.2 High-school learning method during pandemic 

It can be seen that 20% of energy engineering students had no part in any education, 
while this proportion was approximately half in the case of mechatronic students. This 
is a significant proportion, considering that students come from good ranked high 
schools for these majors. 

2 TEACHING PROCESS 

2.1 Course structure and requirements 

For first-year energy engineering and mechatronics students, the calculus subject 
consists of 2x90 minutes of lectures and 1x90 minutes of seminars per week. The 
condition for participation in the oral and written final exam is successfully completing 
first and second midterm and tests at least 40%. The final grade is determined as 
follows: a student can get a maximum of 100 points during the semester, 20-20 points 
for the tests, 60 points for the written final exam, in addition to 10 extra points for 
additional optional tasks. Based on their score, students will receive a recommended 
grade. The final grade is obtained with a maximum deviation of ± 1 grade from the 
recommended grade based on the student's performance in the oral exam.   

2.2 Education method during the semester 

The first six weeks of the autumn semester went as so-called hybrid education at 
Budapest University of Technology and Economics: the lectures were held online, the 
seminars in the traditional, attendance way. Due to the worsening epidemic situation, 
the university switched entirely to online, distance education from the second half of 
the semester (November 16, 2020). 

2.2.1 Lectures 

The lectures of the calculus course were held online throughout the semester via the 
MS Teams system. At the scheduled time, the students were able to participate in the 
lecture together with the lecturer, at the same time. Thus, they could immediately ask 
their questions and react to the learning material. All lectures were recorded so 
students could watch them at any time after the scheduled time. A workbook was 
prepared for the lectures, which already contained the most important definitions and 
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items, thus helping to take notes. However, there were omitted parts (e.g proofs and 
examples), thus encouraging the students to actively participate and pay attention to 
the lectures. 

2.2.2 Seminars 
The seminars were held in the traditional, attendance way with small groups during 
the hybrid system. Nevertheless, all seminars were uploaded to the EduBase digital 
classroom in a video format so anyone could watch them again, especially those who 
were unable to attend the seminars due to the pandemic. At the end of the attendance 
seminars, the students wrote a small test for one extra point from the material of the 
given lesson. In the second half of the semester, during the online education, the 
videos of the seminars had already been uploaded at the beginning of the week, and 
students had the opportunity to consult in the scheduled time of seminars via the MS 
Teams. 

2.2.3 Homework 

Throughout the semester, students had the opportunity to complete homework in the 
digital classroom for extra points and practice on quiz sets after the submission 
deadline of homework. In the first half of the semester, while the seminars were also 
held in attendance, students were able to begin completing their homework after the 
scheduled time of these seminars. In the second half of the semester, the homework 
always opened on Mondays after the seminar videos were uploaded into the digital 
classroom. The EduBase system allowed us to track students’ learning processes. 
The first and second midterms, as well as all the written final exams were also 
conducted via this EduBase platform. 

2.3 Education platform - EduBase 

Online education was implemented with the unique testing and examination system of 
the cloud-based education platform EduBase (www.edubase.net) [1],[5].  

3 RESULTS 

3.1 Study-time patterns 

The figure below (Fig. 1) shows how many seconds students worked in EduBase. 
Outlier data are not presented. Very short practicing (shorter than 600 s) was not 
considered. The horizontal axis shows the time of practice in hours and the vertical 
axis shows the number of entries. The approximately half-hour practice time is the 
most common. Students often practice for between half an hour and an hour, while 
practice times longer than 60 minutes are becoming less frequent. 

Comparing data from the 2018 pandemic-free semester with 2020, it can be seen that 
more people practised for longer periods during the pandemic. The detailed analysis 
of the data also revealed that in 2020 there were 26 students (both populations were 
made up of nearly the same number of students of the same ability) who practiced 
more than 40 hours, compared to only 8 in 2018.  
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Fig. 1. Distribution of time worked during the semester 

Fig. 2 shows how the opening of homework and practice quiz sets developed during 
the semester. The more intensive preparation for the first and second midterms in the 
middle of the semester and at the end of the semester is clearly visible with 
outstanding peaks. In these two cases they practiced more often and more. The peaks 
seen in late December and January are the preparation peaks for final exams. In these 
cases, if we compare the peaks to the number of participants in each final exam, we 
can say that the preparation takes approx. the same for all final exams.  
The most remarkable difference between the autumn 2018 semester (left graph in Fig. 
2) and 2020 (right graph) is that in 2020, students spent more time practising and 
solving homework in the second half of the semester. It can also be seen that learning 
was more even, which has a positive impact on learning efficiency [2], [3]. The data 
are in accordance with our experience: in pandemic-free periods, in the last weeks of 
the semester, students are usually so overloaded that many of them are already 
"struggling to survive", attempting to solve only the compulsory tasks in an acceptable 
way. Preparing for exams (highlighted in red) during the pandemic is also more 
characterised by distributed learning throughout the semester. 

 

Fig. 2. Distribution of total homework and practice quiz set openings 
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The homework of the current week was open on Thursdays (after seminar) during 
hybrid education and on Monday evenings during entirely online education in the 
second half of the semester. Students had one week to solve their homework. Thus, 
for the online period, Monday midnight was the submission deadline of homework 
assignments. Examining the daily distribution of openings, we found that practice 
began most often on Wednesday, while homework was most often done on Thursday. 
Weekends were not preferred for practice or doing homework. We consider this fact 
important as it suggests that the students did not leave the preparation at the last 
minute, they tried to distribute the practice evenly. 

Figure 3 shows the weekly distribution of learning time in 2018 and 2020. The peaks 
are the days of the week. In 2018, many students were most engaged with the 
curriculum the day before the deadline (Sunday high peak), while in 2020 the peaks 
show a much more even spread of learning. 

 

Fig. 3. Distribution of weekly homework and practice time  

 

3.2 Test results 

Let's see how students with different study periods performed in the tests in the 
autumn semester 2020. In the graph, the size of the dots is proportional to the time 
spent studying, the larger the dot, the more time the student is spending studying. 
Each dot represents one student. 
Figs. 4 and 5 show the relationship between the results of the first and second 
midterms of the calculus subject and the results of the mathematical-language test 
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written in the first week for each student. The math-language test was written to 
estimate the level of knowledge of the incoming students. The language part is 
unusual in technical higher education. The purpose of this section is to compensate 
for the distorting effect of excessive preparation for mathematics tasks [7]. Each dot in 
the figures represents one student. The radius of the circle is proportional to the online 
learning time (outlier data have been filtered out). The students marked with a blue dot 
attended a special mathematics or science class during high school, so mathematics 
had a greater emphasis in their high school education. Students marked with a red dot 
only attended basic maths lessons. Based on the figure for the first midterm, better 
math-language tests were generally coupled with better first midterm results. 
Furthermore, those who spent less time practicing and learning, rarely achieved good 
results. Although, you can see a few blue circles with a small radius and good results. 
This can be explained by the fact that the material of the first midterm was already 
discussed deeply in the special mathematics or science classes during high school. 

Fig. 5 shows the results of the second midterm. The chart can be divided into 4 
rectangles. As mentioned earlier, the second midterm mainly contained material that 
was not encountered or just mentioned in high school. The light blue rectangle in the 
lower left contains students with little incoming knowledge who also perform poorly at 
university. Luckily, it includes only one student who, as the size of the dot shows, didn’t 
spend much time practicing. In the lower right, light green rectangle, the students did 
poorly on the mathematics-language test, but apparently practiced a lot during the 
semester, and the second midterm was already written with good results. Students in 
the purple rectangle in the upper left, despite writing a good math-language test, 
practiced little and were not successful in the second midterm. The students in the 
upper right, yellow rectangle performed well on both measurements, and many of them 
also devoted a lot of time to practice. Only a few small radius circles can be seen in 
this range. 
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Fig. 4. (left) Relation of student performance on the 1st midterm exam and on the 

complex test result 

Fig. 5. (right) Relation of student performance on the 2nd midterm exam and on the 
complex test result 

4 CONCLUSION 

As a conclusion, it can be stated from the detailed analyses of this partly hybrid and 
partly online semester that first-year students could solve the difficulties of the 
pandemic situation. Instead of the campaign-like learning that is so common in higher 
education, providing inadequate knowledge in the long term, students worked evenly, 
mostly devoting an adequate amount of time to learning.  
They did the calculus exam well. 20 (13%) students earned excellent grades, 34 (22%) 
good grades, 51 (33%) fair grades, 31 (20%) sufficient grades, while 16 students 
failed. The exams consisted of two parts, a 90-minute online written exam with 
numerical exercises, followed by an oral test on theory. The results were a little lower 
than usual, but when compared to the results during the pandemic, it was outstanding. 
In the case of exams with only an online written part, it was common to see better 
results than before during the pandemic, but much poorer results in the oral part. In 
calculus, the EduBase fraud detection system did not detect the same bias as in the 
written exams in other subjects. The slightly weaker results in the oral test could also 
be explained by the fact that there were no oral exams in Hungary in spring 2020, so 
that students had their first opportunity to orally test their knowledge of a large amount 
of material at university. Learning and then orally reproducing a large amount of theory 
was not easy for many. 
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For the academic year 2021/2022, education at our university was conducted in-
person. For our students, this was more of a start than a return, as it was the first time 
during their university studies that all their classes were taught in-person format. 
Calculus 3 is the last regular mathematics course, followed by a comprehensive exam. 
In the autumn semester of the 2021/2022 academic year, we have tried to implement 
the distributed learning experienced during the online period. We also monitored the 
Calculus 3 course in EduBase. The analysis of these data and the comparison with 
the same subject in the previous academic years is still ongoing, and we intend to 
publish our results in further contributions.  
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