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Abstract: The face-to-face education system around the world unexpectedly collapsed in March
2020 due to the COVID-19 pandemic. The priority education process became remote education and
activities related to self-study and self-education. This paper investigates how university students’
performance has been influenced by remote learning during the lockdown period. Academic per-
formance is evaluated by measuring the time required to complete specific homework in statistical
data processing. Comparisons of performance are made for before, during and after the pandemic
period. This study examines a population of third-year university students majoring in Materials
Science and Engineering. The students were asked to complete a specific homework requiring the
processing and evaluation of random laboratory data using analytical software. The delivery times
of the completed homework before, during and after the lockdown period are compared. It has been
found that although the students had to spend more time on their task during the pandemic, their
relative performance remained unchanged and was comparable to that of pre-pandemic. After the
end of the lockdown period, an increase in academic performance was noted. Our results suggest
that the sudden transition to remote education may have been beneficial for the long-term perfor-
mance of a group of selected university students in data processing and evaluation. The findings
support the idea that teachers and their institutions should be willing to use a variety of teaching
methods. The inclusion of remote learning methods in university instruction is encouraged.
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1. Introduction

In March 2020, the World Health Organization (WHO) declared a global pandemic
[1]. As a result of the pandemic, on-site classes in schools were suspended [2]. Teaching
suddenly turned to remote learning [3,4]. Due to the lockdown, teaching methods had to
be quickly changed and adapted to remote education. Some teaching was also trans-
formed into self-education that included the individual study of electronic materials. Dur-
ing online learning and self-learning, students were given the opportunity to progress in
their education at their own pace, as they did not have to commute to school daily. Thus,
education became more flexible in terms of place and time [5]. However, online learning
also negatively impacted student performance, as they lacked a direct and immediate con-
tact with their teacher. Many studies investigated the effects of remote education during
the COVID-19 pandemic on students’ performance [6-9]. In general, academic perfor-
mance was found to be negatively influenced by the lockdown [9]. In primary and sec-
ondary schools, teachers, students and their parents most often reported disorganization,
motivation and behavioral changes as major influences on underperformance [10-12].
Fear of COVID-19 has been noted to be a major stressor in early 2020 [13]. Furthermore,
the uncertainty associated with early exposure to COVID-19 was found to be a risk factor
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for anxiety and sleep disorders [11]. In terms of education, many students in middle- and
low-income countries objectively suffered from the lack of technical equipment and the
instability of the network connection required for home schooling [14-17]. They also
lacked the e-learning skills necessary for remote education. As a result, the negative influ-
ences of isolation due to the COVID-19 pandemic have made self-learning more difficult.
On a global scale, some students even failed to complete their studies for these objective
reasons [18,19].

In university settings, the impact of remote education has been less straightforward.
The impact of the COVID-19 pandemic on the academic performance of college students
has been found to be ambiguous with negative and positive experiences reported in the
scholarly literature [20]. Although some studies found that online education was superior
to on-site education, other investigations reported no or very little difference in academic
performance before and during the pandemic [21,22]. University students faced difficul-
ties with respect to focus and concentration as much as primary and secondary school
students. They also experienced the technical demands of distance education, such as the
lack of suitable equipment and a stable network connection. However, they also reported
positive effects of remote education including flexibility in time and place.

The academic performance and success of students has traditionally been evaluated
using grades and test scores. However, during online teaching and remote education, stu-
dents often need more time and concentrated effort to understand course materials and
complete specific tasks. Therefore, time management skills are crucial to the individual’s
learning progression [23]. Time management plays a critical role in student academic
achievement and performance. A remarkable relationship between undergraduate stu-
dents’ time management behavior and academic performance was found [24]. Effective
time management leads to better academic achievements as it reduces stress levels and
anxiety. Effective time management strategies include clear goal setting and priority def-
inition. However, effective time management is only possible through self-motivation
[23]. Remote education brings several new prospects, including greater flexibility and the
possibility of self-education [5,25]. For example, the self-study of electronic materials al-
lows students to progress individually. As such, it can help improving the motivation,
creativity and responsibility. These soft skills are important for the future career prospects
of university undergraduates. As most universities have now transitioned back to in-per-
son education, there is a great opportunity to investigate the long-term impacts of remote
education during the COVID-19 pandemic on the academic achievements of students.

This article aims to compare the pre-pandemic, pandemic and post-pandemic perfor-
mance of university students in laboratory data processing and visualization. Most previ-
ous studies have discussed the impact of remote learning on students who have not expe-
rienced online education before. Our study, however, also includes the so-called COVID-
19 generation, the generation of young people directly impacted by the pandemic. Studies
of the COVID-19 generation are new to the scholarly literature [20,26]. Due to the limited
number of studies, the reported outcomes of exposure to remote learning during the pan-
demic are often ambiguous. For example, a previous study reported that the distinction
between full in-presence programs and hybrid courses produces a mismatch between ac-
tual performance and measured performance [20]. The mismatch is related to the change
in assessment methods and/or parameters. It is argued that the negative effect on actual
performance could have been offset on the surface by the more relaxed assessment sys-
tems being adapted during the pandemic [20]. Therefore, generation COVID-19 can be
regarded as less prepared compared to their pre-pandemic peers, regardless of their sim-
ilar average marks. This may produce a stigma by fostering a widespread perception that
those who studied in the pandemic years are less capable compared with their older peers
with the same degrees or marks. The research conducted so far revealed that the influen-
tial role is played by social support from friends, family and teachers [26]. As society is
now transitioning back to pre-pandemic times, many questions related to the effects of
remote education on young generation arise. These questions include the impact of
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remote learning on the overall academic performance and self-regulation skills of univer-
sity students.

The present study compares the academic performance and time management skills
of university students before, during and after the pandemic. As such, it helps to assess
the long-term effects of online learning on independent problem solving. It is hypothe-
sized that the academic performance of the COVID-19 generation has been positively in-
fluenced by the wide implementation of remote education during the pandemic.

2. Methodology
2.1. Study Participants

The analyzed group comprised third-year university students majoring in the disci-
pline of materials science and engineering. The 3rd-year students were selected as a rep-
resentative group as they had already gained practical experience in independent prob-
lem solving in their previous education. Furthermore, the chosen group of students in-
cluded generation COVID-19, i.e., students who directly experienced remote learning in
a university setting during their previous education. The number of students enrolled in
the course each year is shown in Figure 1. The subject with the code PSE201_6B is taught
at the Slovak University of Technology in Bratislava, Faculty of Materials Science and
Technology, in Trnava. It is taught in the winter term (September to December). The sub-
ject deals with the processing, evaluation and visualization of data using a computer.
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Figure 1. Number of students enrolled in the course on the statistical processing and visualization
of laboratory data.

The students” performance was evaluated in the subject of statistical processing and
visualization of laboratory data. The subject of data analysis on a computer allows the
submission of tasks in an electronic form. As such, data on the delivery date can be easily
recorded.

2.2. Definition of Students” Homework

The students were given identical tasks. The task consisted of digitizing a curve. Each
student had their own graph image that had to be digitized and split into a set of data
points (pixels). The procedure of the task was as follows:

1. Split the given experiment curve into a set of individual data points;

2. Find a polynomial equation that best fits the given curve using a least squares anal-
ysis;

Find the correlation coefficient of the regression equation;

4.  Plot the ideal curve using the regression equation;

W
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5. Calculate and display the difference between the original and the ideal curve.

The homework procedure was identical for all students; however, each student had
their own curve that they had to process. The students received new data sets every year.
The answer sheets uploaded into the academic system were checked against a volume of
previously submitted homework, thereby preventing electronic copying of previously
submitted answer sheets.

The students were free to choose a software for data digitization. The range of soft-
ware available included WinDIG Digitizer, GetData Digitizer and Graph Digitizer Scout
in their respective versions available at the time of the experiment (2016-2023). All stu-
dents chose Graph Digitizer Scout. The students could also choose software for data pro-
cessing. The choices were Microsoft Excel, OpenOffice Calc, LibreOffice Calc, Quattro Pro,
Origin and MatLab. Everyone chose Microsoft Excel.

Figure 2 shows examples of the completed homework. The answer sheets shown in
the figure were delivered by three students with different performances. In Figure 2a, the
assignment is complete and correct. As such, the student achieved a 100% score. Figure
2b shows a result of a student with medium performance (the score is 40%). Finally, Figure
2c illustrates incomplete and incorrect homework, which achieved a final score of 0%.
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Figure 2. Examples of delivered student answer sheets with different scores provided. In each
graphic, the red curve is the curve to be analyzed. The blue and black curves represent the deliv-
ered students’ results.

2.3. Analysis of Students’ Performance

To evaluate the students’ performance before, during and after the pandemic, it was
necessary to find common indicators. The student performance analysis was based on
data recorded in the school’s academic information system. The system allows the record-
ing of exact dates of publication of the task definition, and each individual student’s
download time, upload time and final score achieved. Data were analyzed for years 2016
to 2023. A summary of the analytical data for the performance analysis is given in Table
1. There are no data for years earlier than 2016 since the students submitted their work
physically (printed on a paper) before then. Furthermore, the download time data are
missing from 2016 to 2019, because the homework definition was announced on-site and
presented to all students at the same time.

Table 1. Data available for analysis.

Publication Date  Deadline Date = Download Date = Upload Date Homework Duration
Year Grades
(p) (d) (t1) (t2) (d-p)
2016 yes yes no yes yes 7 days
2017 yes yes no yes yes 7 days
2018 yes yes no yes yes 7 days
2019 yes yes no yes yes 7 days
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2020 yes yes yes yes yes 21 days
2021 yes yes yes yes yes 12 days
2022 yes yes yes yes yes 14 days
2023 yes yes yes yes yes 21 days

Most studies of homework effectiveness relate time spent on homework to test per-
formance [27]. The usual deadline for delivering complete works in the pre-pandemic year
was 7 days. However, during the pandemic, the period was extended to 21 days. In the
following years, different deadlines were used to find the optimal value (Table 1). To com-
pensate for the difference in deadlines, relative time performance was calculated in ac-
cordance with the following equation:

:(d—P)_(tz_t1)
(d—p)

In Equation (1), T represents the relative time performance in %, p is the publication
date of the task definition, d is the deadline date, t1 is the download date and f2 is the
upload date. The difference (d - p) is the deadline length, i.e., 7 days in 2016-2019, 21 days
in 2020, 12 days in 2021, 14 days in 2022 and 21 days in 2023. The difference (f2 — 1) is the
time each student spent on their homework.

The students’ performance was also measured by the relative scores achieved for the
completed homework (Figure 2). The scores achieved were combined with the time per-
formance to compare the overall students’ performance before, during and after the lock-
down period.

T

100 [%] 1)

3. Results

Figure 3 shows the proportion of face-to-face lessons taught in the classroom. In the
pre-pandemic and post-pandemic years, 100% lessons were taught on-site. However, dur-
ing the pandemic years, only 15 and 25% of the lessons were taught in person. These les-
sons were mostly introductory lectures delivered at the start of the semester. The on-site
learning during the pandemic took place in late September and early October, that is, be-
fore the general closure of Slovak universities was established. In 2020 and 2021, univer-
sities were closed for on-site education between October and May, i.e., most of the time
during the academic year.
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Figure 3. Proportion of on-site teaching hours before, during and after the pandemic.
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3.1. Performance Measured by Achieved Scores

A traditional way to evaluate student performance is by comparing achieved scores.
Figure 4 compares the average scores achieved by the students for their delivered answer
sheets in each year. Standard deviations are included. The figure shows that the student’s
scores achieved during pandemic years was comparable to those in the pre-pandemic
years. However, a slight improvement in performance was noted in the post-pandemic

years.
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Figure 4. Achieved relative grades of students for their homework delivered during 2016-2023.

3.2. Performance Measured by Delivery Times

Figure 5 depicts the data on the time of delivery of completed homework for the pre-
pandemic years 2016 to 2019. Each curve represents one year. Each data point on the curve
represents one student. Most students submitted their homework within the last day. An
exception was year 2017, when approximately 50% of students submitted their answer
sheets 4 days ahead of the deadline.

12

o1 T ——2016

= 10 +

2 9 1 —o—2018

o

2 8T

Q

|

s o] |.

= (o]

° a4t =

£371 |3 2

Eat |z E

P n ©
1 T 1] 8
0 — : : : : :

0 1 2 3 4 5 6 7

Day
Figure 5. The delivery times for complete homework for the years 2016 to 2019.

The changed study conditions during the pandemic may have affected the students’
performance, as they could have needed more time to read, understand and complete the
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defined task [28,29]. Therefore, the time frame to deliver the complete homework was
extended to 21 days. Figure 6 displays data on all students who completed homework in
the pandemic year 2020. The download curve represents the specific time at which the
students downloaded and read the assignment. The upload curve represents the time of
submission of the completed answer sheet. Each point on the download and upload
curves represents a specific student. The points on the download and upload curves are
interconnected by arrows to indicate the working time of each student. The area between
the download and upload curves represents the performance of the entire group. The
smaller the area, the better the performance of the group. Each tick mark on the x-axis
represents the start of the day (0:00 a.m.). Days marked in red font represent public holi-

days.
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Figure 6. The download and upload times of complete homework in 2020.

As can be seen in Figure 6, most students downloaded and read their assignment on
the day of publication. However, most students uploaded the completed work shortly
before the deadline. As such, they needed more time to read, understand and complete
the assignment. The longest time between the download and upload was 19 days and 8 h.
The shortest time was 9 h and 23 min. The average time needed to complete the task for
the whole group was 10 days and 10 h.

The time performance data for 2021 are shown in Figure 7. Unlike for 2020, there is a
significant lag between the date of publication of the assignment and the actual download
time. In 2021, only one student from the group read the assignment on the day of publi-
cation. All students uploaded their complete work less than 2 days before the deadline.
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Figure 7. The download and upload times of complete works in 2021.

The area between the download and upload curve is significantly smaller compared
with that for 2020 (Figure 6). This result shows that the students were more efficient, that
is, they needed less time to read, understand and complete the task.

The time performance data for post-pandemic years 2022 and 2023 are shown in Fig-
ures 8 and 9, respectively. A positive change in student behavior can be noted. Most of
the students downloaded their task assignments within a week after publication. Further-
more, they completed and uploaded their work several days before the deadline. As such,
the time required to complete homework was significantly reduced.
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Figure 8. The download and upload times of complete homework in 2022.
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Figure 9. The download and upload times of complete homework in 2023.

The relative time performance of the students was calculated in accordance with
Equation (1). The calculated relative time performance for 2016-2023 is shown in Figure
10. A marked difference between the post-pandemic, pandemic and pre-pandemic years
can be seen. In the pandemic and pre-pandemic years, the relative time performance was
very low. It was close to 20% on average. In the post-pandemic years, however, it in-
creased considerably. The relative time performance has been elevated to 66% and 54% in
the years 2022 and 2023, respectively.
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Figure 10. A comparison of the average time performance for pre-pandemic, pandemic and post-

pandemic years.

3.3. Combined Performance

When analyzing the overall performance of the students, it was necessary to match
the time performance with the achieved score. As such, the time performance was com-
bined with the achieved score to yield overall performance. The following formula was
used to calculate overall performance:
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P=T+S @)

In Equation (2), P is overall performance, T is time performance and S is the achieved
score. If a student completed their homework in a very short time, they received a T value
close to 100%. If their answer sheet was also complete and correct, they received an addi-
tional score of 100%. As such, an individual could reach a maximum performance value
of 200%. Figure 11 shows the overall performance of all students. The performance is di-
vided into individual scores and delivery times. It can be noted that in the pandemic and
pre-pandemic years, overall performance was relatively low. However, in the post-pan-
demic years, the overall performance of individual students considerably increased.
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Figure 11. The combined performance (scores and delivery times) of individual students.

Based on data in Figure 11, the average overall performance of the group was calcu-
lated. Figure 12 shows the overall average performance of the whole group. Standard de-
viations are included. The figure shows that overall performance, i.e., the delivery time
for the homework and the score combined, was significantly improved in 2022 and 2023.
The increase in performance was more than 50%.
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Figure 12. Average overall student performance in different years.

4. Discussion and Concluding Remarks

This study analyzed the performance of students before, during and after the
COVID-19 pandemic. It provided an opportunity to compare the performance of students
who never experienced lockdown with those who previously experienced lockdown and
were already familiar with online learning (the so-called COVID-19 generation). This
study compared the performance in terms of scores achieved and the time required to
complete specific homework in data visualization and processing. In the pandemic and
pre-pandemic years, the relative time performance was very low. It was close to 20% on
average. In the post-pandemic years, however, it increased markedly. Relative time per-
formance was elevated to 66% and 54% in the years 2022 and 2023, respectively (Figure
10).

Evaluating performance by grades and achieved scores is the simplest method. How-
ever, it does not consider the time required to complete the defined tasks. As such, it does
not evaluate the ability of students to deal with time constraints. Our study shows that
after the lockdown, there was an overall increase in the time performance. Furthermore,
overall performance, i.e., the delivery time for the completed homework and the score
combined, significantly improved in 2022 and 2023 (Figure 12). The increase in overall
performance was more than 50%. This shows that the students were able to cope with
time constraints more efficiently compared to pre-pandemic and pandemic years. There-
fore, the long-term exposure to online learning, including the self-study of e-materials,
has had a positive effect on their academic performance.

When comparing the performance in terms of scores and delivery times in 2019 and
2020, a slight increase is noticeable, but statistically insignificant. However, after analyz-
ing all the data available (2016-2023), the post-pandemic years 2022 and 2023 emerge as
the global maximum for the highest performance in school grades and homework time
performance (Figure 12). In the combined analysis, a significant increase in overall perfor-
mance was noticed.

The scholarly discussion of the efficiency of in-class versus online learning in univer-
sity settings is somewhat ambiguous [20]. Some researchers found increased performance
in face-to-face learning while others reported increased performance through online
learning. The first-time experience of the lockdown period was very likely stressful
[11,16,30]. It could have led to isolation and uncertainty among both teachers and stu-
dents. Therefore, the performance of students during the pandemic could have been low.
However, exposure to online learning methods during 2020 and 2021 ultimately increased
the performance of post-pandemic students. The pandemic thus created a unique situa-
tion in which students had more time to focus on their homework. The lockdown period
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apparently taught the students to work independently and act more responsibly. The self-
regulation skills of students, such as those of setting a clear study goal and choosing an
appropriate learning strategy, are crucial to their academic progression [31,32]. The results
of our study show that these skills can be positively improved during remote education.
Our findings are consistent with those of Ilozor et al. [33]. The authors found that there
was a positive correlation between participation hours and the point scores the students
achieved in an asynchronous online class at Eastern Michigan University during the pan-
demic. As such, teachers should be encouraged to motivate their students toward self-
learning and self-regulation during online teaching. Instructors should be actively en-
gaged during remote education as they act as motivators. The promotion of a motivating
style of instruction from teachers is crucial during remote learning [34]. An effective
blended learning strategy can be developed, as recently demonstrated in the context of
teaching physical and analytical chemistry to students of chemical engineering [35]. A
five-component blended learning strategy referred to as Discover, Learn, Practice, Collab-
orate, and Assess (DLPCA) has been described [35]. In DLPCA, the asynchronous part of
the teaching was conducted through the broadcasting of pre-recorded instruction videos
on YouTube to allow students to study and progress with learning at their own pace. The
synchronous part of the teaching was carried out using video conferencing platforms, in-
cluding Google Meet and Zoom. The subsequent analysis of teaching and learning per-
formance was based on three factors: (i) the student’s learning experience, (ii) the student’s
academic performance and (iii) the observations of the instructor [35]. The study showed
that DLPCA had a positive impact on both students and instructors. The identified chal-
lenges were mostly technical, as they were related to the speed of the internet, the stability
of the connection, and the instructor’s familiarity with internet-based teaching tools, such
as video conferencing and broadcasting. Therefore, instructors should be encouraged to
use these platforms and experiment with their education strategies. They must find effi-
cient ways of improving their interaction with students and of maintaining student inter-
est and engagement during online classes. The study also showed that most students were
satisfied with the DLCPA strategy. Therefore, it can be regarded as an effective alternative
to traditional onsite undergraduate chemistry lecture courses. A mathematical curriculum
can also be redesigned for blended learning [36]. The widespread use of modern infor-
mation and communication technology makes online learning more sustainable. It allows
teachers and students to interact in multiple modes [17,37]. Furthermore, teaching ap-
proaches can be flexibly adapted and suited to students with diverse needs and structured
into parallel or successive phases of blended learning [36]. Information and communica-
tion equipment, such as laptops and tablets, and various online tools can be used by small
groups of students, with shared access to e-learning study materials and working re-
motely with their teachers across various fields [38].

The survival of the higher education system depends on its adaptability, resilience
and sustainability [39]. The COVID-19 pandemic was both an opportunity and challenge
for university education, as previously discussed by several authors [40-44]. Although
online education provided multiple benefits for both students and teachers, including bet-
ter time management and flexibility, the sudden shift to emergency online education
caused a deterioration in communication skills [45]. Less social interaction with peers ul-
timately led to depression, anxiety and stress. Due to the sudden transition to remote ed-
ucation in early 2020, many students and teachers initially declared a preference for face-
to-face teaching [46,47]. A dialogue, teacher initiative and efficient course design were the
key factors in the success of online courses during the pandemic [42,48,49]. It is obvious
that face-to-face education cannot be fully replaced by online learning in medical, tech-
nical and natural science disciplines [50,51]. In dentistry, for example, e-learning is only
applicable to theoretical lessons [51]. Due to the lack of physical communication and in-
teraction, most students prefer a blended method. Therefore, hybrid learning is consid-
ered a more sustainable alternative compared to entirely online or on-site education [52].
The recommendations for sustainable post-pandemic education include the unified
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selection of digital learning tools across courses, better support and training for teachers
[43]. If these recommendations are followed, wider implementation of hybrid learning
methods in university settings can be expected.

Although the results reported in this brief report are encouraging and promote the
use of online methods in teaching, it should be noted that a relatively small number of
students were analyzed. Because of small number of participants involved in the study
(5-12 students, Figure 1), a statistical analysis of errors was not possible. The presence of
a significantly smarter or, conversely, lazy student may significantly affect the perfor-
mance of a small group. Furthermore, the relatively small size of the group created a more
cohesive team and allowed the teacher to have a more individual-tailored approach. The
entire analysis is also burdened by missing data for the pre-pandemic years (download
dates, Table 1). Therefore, the results reported in this short paper should be taken as pre-
liminary results. A study involving a larger group of participants and comparing their
performance in more than two consecutive post-pandemic years is necessary to further
verify the observed positive trend. As many universities are now resuming on-site educa-
tion, there is a great opportunity to study the effects of online learning during the pan-
demic on the performance of the COVID-19 generation. We hope that there will be more
academic studies on this important aspect in the coming years.
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