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Abstract

:

The Covid-19 pandemic led Catalan universities to do all teaching and evaluation online from 11 March 2020 until the end of term on 30 July. Conventional universities made the transition to online teaching in just a few days and suddenly virtual platforms become the centre of interaction between lecturers and students. Data that were obtained from the virtual platforms gave extremely valuable information about what was being done in class. This paper analyses data taken from Atenea, the Moodle virtual platform at the Universitat Politècnica de Catalunya (UPC), during quarantine. The key indicators and a data analysis design for Moodle have been proposed, which reveal teaching developments at various levels (overall and at the centre and subject level). This is applied to study data from the UPC Moodle and the results are discussed. The methodology can be extrapolated to other universities with Moodle platforms because the UPC is a set of small campuses and centres.
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1. Introduction


1.1. Emergency Education in Times of COVID-19


The emergence of COVID-19 and its rapid global expansion generated great consternation and a climate of uncertainty, constant danger, and a desire for protection—even in terms of cybersecurity. The pandemic and quarantine increased public dependence on digital technology. In terms of education, this dependence was even more acute, and the shortcomings of an educational system that had failed to achieve digital transformation were exposed [1]. Paper [1] points to some short-, medium-, and long-term challenges regarding universities and the pandemic:




	
Short-term: finishing the course with short-term fixes. Universities adapt to the pandemic and offer a teaching-learning process that is mediated by digital technologies.



	
Medium-term: learning to live with the virus in a hybrid environment with virtuality as a new scenario. Universities begin redesigning teaching to be face-to-face with tones of virtuality.



	
Long-term: the digital transformation of university teaching. Digitisation was a pending task and the pandemic forces new scenarios and the achievement of the digital transformation demanded by society.








In this paper, we present with data how the UPC faced short-term challenges, how it adapted to emergency learning within a pandemic, and how it used a virtual learning environment to teach with near normality and the minimum of incidents.




1.2. UPC Context


The teaching and learning processes at the Universitat Politècnica de Catalunya (UPC) take place on campus, and most knowledge transfer takes place in lecture rooms. However, like many universities, the UPC also integrates the Moodle virtual learning environment to facilitate access to content, resources, documentation, and to deliver digital tasks [2,3,4,5,6,7].



Academic analytics and learning management systems have become increasingly common in recent times [8,9,10,11,12], especially Moodle systems [13,14,15,16,17,18] or also in MOOCs [19,20,21,22,23,24]. Given the circumstances that were imposed by the pandemic, virtual learning environments enable us to measure how the transition from face-to-face teaching to online has been made [25].



The UPC is a federated university [26] that brings together 16 school centres, such as faculties (Facultat d’Informàtica de Barcelona) or school centres (Escola d’Enginyeria de Telecomunicació i Aeroespacial de Castelldefels or Escola Politècnica Superior d’Enginyeria de Vilanova i la Geltrú).



Although each organisation within the UPC has its characteristics within a federation, the regulation of training, learning opportunities, educational technology adoption, updating, and recycling of the knowledge of lecturers is managed by the Institut de Ciències de l’Educació de la UPC (ICE-UPC). This unit regulates and contributes to the improvement of teaching quality, especially regarding the training, updating, and retraining of lecturers [26,27,28]. ICE is responsible for training lecturers and managers in the use of learning management systems that are based on Moodle. Similar units are also found in other universities, for example, in the La Salle Campus Barcelona (Universitat Ramon Llull), which is jointly managed by the Directorate of Educational Innovation and the Department of Management of Methodologies and Teaching Processes. Two of the objectives of the ICE at the UPC are to:




	
Provide effective support and advice for quality assurance on issues related to the design of degrees, training development, and the teaching work of lecturers.



	
Improve teaching by increasingly exploiting the potential that is offered by technological resources.








The ICE is responsible for ensuring that the digital educational tools used throughout the UPC are understood and used appropriately. Therefore, ICE played an important role in the adaptation to the pandemic and in ensuring that teaching–learning tools were effectively used in an environment of uncertainty and fear. Given that the teaching model at the the UPC had always been eminently face-to-face, the transition to online tools always faced a risk of failure.




1.3. Adaptation to the COVID-19 Pandemic


The UPC was one of the first Catalan universities to temporarily abandon its normal teaching–learning model. It was decided to close the classrooms and move from face-to-face to online teaching. Nobody was prepared for the resulting situation and decisions had to be made quickly, despite considerable political, economic, and social uncertainty. This radical change was made, despite the fact that students were unaccustomed to a completely virtual environment using technologies, such as Moodle. Moreover, the faculty—whose average age was 57—had not been taught how to teach online. However, age proved to be no obstacle and the determination of faculty was key to overcoming the crisis and completely changing the teaching model within the UPC.




1.4. Educational Data Analytics as a Game-Changer


The UPC has a unique Moodle virtual platform, known as Atenea, which manages about 5000 courses and has 31,000 registered users in the various school centres and faculties. Some of the Atenea indicators have been stored on the platform since 2016, and various proposals to add a friendly dashboard were unsuccessful, because it was felt that, because the UPC is not an online university, it was not a priority to visualise such indicators. Lecturers generally have a basic knowledge of Moodle, but the use of the platform was not extensive. In July 2019, ICE-UPC began the extraction and initial analysis of Atenea indicators with the help of undergraduate students without any previous knowledge. These practices and tests during over a period of two years gave us an insight into how to gain the maximum benefit from these indicators.



Atenea’s corporate business intelligence indicators for the UPC are currently being designed with advice from ICE, and it will soon be accessible for all the community.



During the period of Covid-19 quarantine, face-to-face teaching moved online in just a few days and all teaching and learning activity was handled from within the virtual platform. The virtual classroom indicators provided important information regarding the type of teaching activity and everything that was done for teaching the subject during the quarantine—such as the creation of deliverable tasks or the level of teaching activity for a given subject (even including assignments that were completed per user in a subject). These learning management systems plus the Google Workspace G Suite (which was deployed to lecturers and students in just one week) became the backbone of the virtual learning environment that the university relied on to successfully complete the academic year [7,29]. Given this background, a methodology and technique for analysing key Moodle indicators are proposed to visualise teaching behaviour in the virtual classroom. These were applied in the UPC during quarantine. The proposed guidelines can be automatically extrapolated to another university or set of regional universities.



The paper is organised, as follows. In Section 2, the Moodle key indicators and methodology and guidelines for analysis are proposed. Section 3 presents the results and discussion. Finally, Section 4 presents the conclusions.





2. Materials and Methodology


Atenea is the Moodle virtual platform of the UPC that, during the 2019–2020 academic year, managed some 5000 courses/subjects and 31,217 users: including 2885 lecturers, 381 administrative staff, and 27,951 students. Specifically, Atenea supported 2022 courses that were taught in the various school centres during the pandemic (degree and masters courses).



2.1. Data Analysed


Atenea Moodle data have been stored on the ElasticSearch platform [30] since 2016 (hereafter ES). We downloaded, filtered, analysed, and graphed data with the help of the R; R is a free software environment for statistical computing and graphics [31].



The volume of stored data per day is considerable: some 100,000 items of data (20 variables for about 5000 subjects). The process to obtain the ES data for a whole academic year took some two hours because of the more than 5000 queries needed, one for each subject. The process for obtaining the information for one subject during one year in isolation would be almost instantaneous on a PC (less than six seconds).



The data stored in ES were limited to the information summarized in Table 1 for each subject and day without distinguishing student/lecturer and type of use (read/load/send). As an example, for a particular subject, the data are stored day-by-day, together with the overall number of uses of a file without specifying the type of use or the type of user. Table 1 shows which resources and activities are not saved.



In addition, data include qualitative information regarding the subject, such as the centre where it belongs, and if it is a masters or undergraduate degree subject.



The ES data used in the present paper contain information for each UPC subject for the second term of the academic year 2019–2020, from 2/2020 to 7/2020 (hereafter Q2-2020), as well as for the anterior Q2-2019 term.



Moodle provides much more information, which monitors the functioning of the Atenea virtual campus. Specifically, during the limited period of online classes from March to July 2020, the UPC stored additional data by center and week (see Table 2), including total use of resources/activities and the use of most common deliverables: quizzes and assignments.



This information is valuable when compared with Table 1, because it distinguishes the actions of lecturers (creating) from those of students (sending) and so interaction can be measured. The handicap is that there was no information related to each subject. The UPC downloaded this data with Google Analytics and stored it in Excel format. We filtered, analysed, and graphically represented the data with the help of R.




2.2. Data Analysis Design: Key Indicators


Data analysis design in a large university, such as the UPC, is not easy because many variables are playing together. Table 1 and Table 2 summarise the UPC data available, and these data are also available to any university with a Moodle platform. An exercise to make the data useful was performed, so that we could extract overall teaching information.



In an initial approach, Moodle activity can be measured at different levels (see the summary in Table 3), where a unit is a centre (faculty or school centre that usually offers specific degrees and masters courses) or a department.



This work performs the study at levels 1, 2, 3, and 4 for the UPC, measuring the activity of: a subject, a master or degree course, a school centre or department, and all of the university. The information at level 0 is private and we did not have access.



In addition, activity at levels 1–4 can be measured per:




	-

	
user by mean value dividing by all active users.




	-

	
subject using mean/median/maximum values considering all data from subjects.









With this in mind and the limited information obtained (see Section 2.1), we found certain key indicators to be useful to measure online teaching on the virtual platform over a period of time (see the summary in Table 4):




	K1:

	
Concurrent users of a subject: the maximum number of users connected at the same time.




	K2:

	
Active subjects: the number of subjects with at least one user who performed one action (read/send/load). This can measure a specific resource/activity, for instance, the total number of subjects that use tasks.




	K3:

	
Subject activity: total number of actions. This can be a measure of a specific type of resource/activity, such as counting total actions related with quizzes.




	K4:

	
Activity of a unit or all the university: total number of actions performed with resources and activities within a school centre, department, or the whole university. This can be a measure of a specific type of resource/activity, such as the total number of actioned files for a centre and even detail:




	(a)

	
per user mean value: the number of actions divided by active users.




	(b)

	
per subject mean/median/maximum value: calculated using number of actions performed for each subject.









Both can be measured of a specific type of resource/activity.




	K5:

	
Level of activity of a subject during a term. The subjects are classified according to the level of activity: low, medium, hight. We define the level of activity depending on the number of actions by user in mean value. The reference values were taken from a previous academic year, the Q2-2019 term, when there was face-to-face teaching. The division was done, so that 66% of the subjects are medium activity and the rest are equally divided between high and low activity levels.




	K6:

	
Deliverables (quiz and assignments) created by lecturers in a unit.




	K7:

	
Deliverables (quiz and assignments) sent by the students in a unit.









Indicators K1 and K3 collect data for a subject, but the interesting key indicators are the averages for all subjects in median or maximum values. K5 is a qualitative new valuable indicator that we have defined in terms of the number of actions in a subject, but, in another context, we could define for a unit or a whole university, or even a regional set of universities. In the present paper, indicators K6 and K7 are limited to level 3 (unit), but it would be desirable to have level 1 (of a subject) for a better overall analysis. Indicators are also limited to quiz and assignments, but it would be useful to be able to measure all the activities created and sent. With respect to the time period, we have detailed information from one day (K1–K5) to a week (K6 and K7), and the study over time is limited to weekly changes.



Finally, other useful guidelines to study key indicators include:




	
Absolute values: total numbers.



	
The relative values between terms: related to an analogous term, to measure relative changes.



	
Comparison between mean and median values of a set. The median value is the value separating the top half from the lower half of a data set. The comparison between mean and median value is quite fruitful, similar values imply a homogeneous behaviour because the median is unaffected by extreme values. The median values give better information about the central tendency of the sample, while the mean measures intensity. For example, to evaluate the impact of the use of quizzes for all subjects: the mean measures the intensity of its use, a high mean value implies a greater use of quizzes. The median value gives an idea of the use of quizzes for 50% of subjects.



	
Temporal behaviour: measure the consecutive changes and changes over time. For instance, some weekly indicators can be plotted for a term.



	
A comparison of key indicators between units in bar diagrams or boxplots with the overall mean/median level plotted to reveal the difference between them.



	
Comparison of mean/median values of activity (or specific activity) between different units in bar diagrams.



	
Bivariate diagrams between the deliveries of students and lecturers per unit and the plot for all units. Linear regression line and correlation coefficients measure the engagement of students with the proposed deliveries by lecturers. This is key to measuring feedback between lecturer and student.








Specifically, to discuss the effect of Covid-19 at a university, it would be useful to show the results following these steps:




	-

	
General indicators for the Covid-19 period: during the affected term.




	-

	
Vision of the term affected before and during the quarantine.




	-

	
Student response to the actions of lecturers by centres during affected terms.




	-

	
Comparison between units during affected terms.




	-

	
Comparison of terms affected with the homologous term the previous year.











3. Results and Discussion


Following the methodology and guidelines outlined in Section 2, the significant results of the effect of Covid-19 on the work done by UPC lecturers and students are presented. Key indicators (Table 4) from the Atenea virtual platform are used and referenced in the table and figure captions.



3.1. General Indicators of Period COVID-19: Q2-2020 Term


The Q2-2020 term, which was affected by quarantine, had 78% active subjects of a total of 2022. This means that 78% of subjects were active with at least one action during the period. As a starting point, subjects are classified according to the level of activity (K5, see the definition in Section 2.2). Table 5 (rows 1 to 3) shows what this definition means in present case. Figure 1 shows that only 8% of subjects had a low level of activity and, in contrast, 29% of the subjects were highly active.



There was an important increase in the number of high activity subjects, from 17% last year to 29% this year. This increase was compensated by a reduction of 4% in the number of subjects with medium activity, and a 9% reduction in subjects with low activity.



With respect to percentage of subjects that use resources and activities, the most frequent were forum, files, and assignments—with 96%, 93%, and 81% of subjects using them, respectively. The resources folder and URL were also used in a significant number of courses (see Figure 2). The use of data, workshop, book, glossary, lesson, SCORM and survey was residual, with less than ten subjects using each. Moreover, the situation is similar when master and degree subjects are compared: forum, files, and assignments also led in the ranking of subjects using these resources (see Figure 2).



Being related to the resources and activities used (load/create/send), Figure 3 shows the percentage of each type of action per subject performed during this period in the virtual learning environment. The use of files (37%), quizzes (30%), and forum (14%) can be highlighted as the main actions performed per subject. Note that each question in a questionnaire counts as a quiz. Taking this into account, the number of quizzes used is not especially meaningful, and one can conclude that files were the preferred resource for providing information and material. The use of forum was also important during quarantine, as it represented a communication channel between lecturers and students. Although assignments are used by most subjects, its use within specific subjects is not intensive.



The number of concurrent users for a subject was saved (ES data, see Section 2), and this included the maximum number of users connected per day. That number during a specific period was calculated in the same way as the maximum value for all days in the period. Boxplot is a useful graphic to plot this: the box collects 50% of the central data, the middle line is the median, the whiskers give an idea of variability, and the points are considered to be outlier data. The boxplot of concurrent users of all subjects (see Figure 4) shows that more than 50% of subjects had more than 67% of concurrent users, as its median is almost 67. The boxplot also shows that 50% of subjects had between 45% and 95% of concurrent users. The mean shows us that the average number of concurrent users per subject is nearly 63 students. The mean and median value were nearly matching, and so the concurrence was very homogeneous for all subjects.



The number of actions per user for each subject was also studied (see Figure 5): more than 50% of subjects had more than 65 actions per user. In some outlier subjects, the users performed 450 actions. The mean shows that the average user performed 56 actions per subject during the term. In this case, the mean and median value vary, so the subjects were heterogeneous regarding the actions that were performed by each user.




3.2. Vision of the Q2-2020 Term before and during Quarantine


The material created by lecturing staff was initially analysed, particularly the generation of material to deliver: quiz and assignment activities (see Figure 6). The period considered is the four weeks before quarantine until the end of July, when there was a week without classes (Easter week) and where the evaluation period began on 1 July.



Figure 6 shows how the total number of Moodle resources and activities created by lecturers increased rapidly with the shift from online to in-person learning. Before quarantine, the lecturers created about 1500 materials each week—but, during the first week of quarantine, that number more than doubled to a peak of 3355 materials. Another peak of work (3102) occurred after Easter week, showing that lecturers were preparing materials even during Easter week.



During the quarantined academic period before evaluation, the number of deliveries created per week (quiz and assignments) remained larger than before quarantine. Also noticeable was that after Easter week, the number of deliveries created increased to reach a maximum (1391), and this is reasonable as the lecturers needed time to learn to use Moodle. Moreover, the weight of the questionnaires and tasks significantly increased with respect to the total number of resources during the assessment period, as these were the tools that lecturers used to assess students.



Figure 7 shows the trend for the total deliverables (assignments and quizzes) sent by students during the whole term. The work done and the progression was surprising. In first week of quarantine, there were some 50,000 deliverables, 1.7 times the weekly deliverables of the maximum activity detected before Covid-19 (about 29,000). In addition, after Easter, a maximum of some 76,000 deliverables were performed, which is more than 2.6 times the maximum activity detected before quarantine. Finally, it is remarkable that, from the first week of the online period, the work per week increased for five consecutive weeks (except for Easter). Additionally, it is noticeable that, even during the Easter period, all students accounted for 25,000 deliveries.



A similar trend was found when carefully examining assignments and quizzes, bearing in mind that the number of quizzes (one quiz is a question in a questionnaire) is higher than assignments.




3.3. Student Response by Centre to the Actions of Lecturers


Although lecturers and students both significantly increased their computable teaching actions on Atenea, we wondered whether the increase in the creation of deliveries by lecturers had the expected response from students—or if the activities were created in vain. Online teaching could easily have a negative consequence on the level of student commitment. This aspect is analysed week-by-week for the whole term: before and during quarantine. A bivariate plot is made to establish whether student response was in line with the demands by lecturers (see Figure 8). The deliverables created per week by lecturer and those sent by students from each centre form two coordinates. For each week, a regression line is plotted, and the correlation coefficient r is calculated with all of the points from all the centers. Correlation coefficient r is understood as the statistical association between two variables.



Figure 8 shows three cases, one before the quarantine with a high value of   r ≈ 0.9   and two during quarantine: one with   r ≈ 0.8   (week 20 April) and another with a higher value   r = 0.96   (week during the evaluation period). Even in the worst case shown (week 20 April), the level of response of students to the actions of lecturers is good in all centres, as responses from all of the centres are near the line. The school centres with the most students (EEBE, ESEIAAT, and ETSEIB) led the deliverables and appeared to be separate from the rest of the centres, which seems reasonable. The ESEIAAT centre led deliveries during quarantine.



The engagement is measured by looking into the correlation coefficient per week. The correlation coefficients that are plotted in Figure 9 are high, indicating strong linear dependence between the two variables. As expected, this is more evident at the evaluation period with higher values (>0.9).



High coefficients imply that student response was synchronised with the number of lecturer actions for all centres in the same way, week by week. Furthermore, it seems that all centres performed a continuous evaluation during quarantine: coefficients increased rather than decreased.



Only two weeks showed a lower coefficients of about 0.7:




	-

	
16 March: the week before the quarantine can be explained by the uncertainty associated with the pandemic,




	-

	
25 May: last term week before evaluations, which is acceptable, as there was a shift in attention by lecturers from lessons to evaluations.










3.4. Comparison between Units during Q2-2020 Term


Taking the different units into consideration, we explored which units have adapted to this new situation, and where they struggle to reshape.



Figure 10 clearly shows a difference in the behaviour of the school centres and departments with respect to activity levels. All of the units have a percentage of low activity subjects below 16%. One centre (FME) leads the percentage of highly active courses, with 56% and no courses with low levels of activity, while another centre (ETSEIB) shows 88% of courses with medium levels of activity and 2% with low levels. The MAT department stands out among the departments that show variations—with 47% being highly active courses and only 2% of courses with low activity levels.



The use of questionnaires within subjects varied between school centres. As an initial approach, a comparison of the mean actions in a subject reveals information regarding intensity of use (see Figure 11a). More than a half of centres have a mean quiz actions per subject greater than 843 (the global mean value at the UPC). ESAB leads with 2271 actions in contrast to another centre with 0 actions.



However, the number of students in each school centre must also be considered before drawing appropriate conclusions and the number of students per subject also varies greatly—with some subjects reaching 500 students. For this reason, the number of actions per student and subject, on average, is also plotted (see Figure 11a). The centre with most actions per subject is also leader at the UPC, with 31 actions per user on average. In contrast, another centre (FNB) shows less intensity, but has the same number of actions per user (31). The interpretation for this is either that there is a difference between the two centres with respect to the number of students enrolled, or that questionnaires at the ESAB include more questions. The mean number of enrolled students by subject is similar in both centres: 34 at the FNB and 26 at the ESAB, so the latter is the explanation.



To better understand what happens, we need to know more; perhaps there is one subject with a huge use of questionnaires that overlaps the rest. As the mean is not a robust statistic, we need to add the median to gain a better understanding (see Figure 11b). In the ESAB school centre, there is a major difference between mean and median (2271/26), most likely due to some subjects making great use of questionnaires (50% of subjects asked less than 26 questions). There is one school centre (FIB) with a more homogeneous use of quizzes within subjects—with 50% of subjects with more than 542 questions asked and 21 questions per user and subject.



At a next level of insight, boxplots are useful for making detailed comparisons between school centres (see Figure 12). There are clearly many differences between centres, for instance, in the ETSAB, the use of questionnaires is limited to some outlying subjects. The FIB reveals that 50% of its subjects with the most actions are very homogeneous in their use, while, in the ESAB, there is a considerable variability between subjects. The length of the box is a measure of the variability of 50% of the central data, and the length of the whiskers shows variability for extreme values. There is clearly a major variation between centres with respect to the use of quizzes.




3.5. Comparison of Q2-2020 Term with the Previous Q2-2019


The comparison between analogous terms helps to quantify the impact of quarantine. For instance, the number of subjects with a level of activity shows a change when Q2-2020 and Q2-2019 are compared (see Table 5): the percentage of subjects with little activity was reduced to half, while subjects with a lot of activity almost doubled.



A comparison of the number of concurrent users of a subject is also made (see Table 6). No difference was found between the mean and median, and this denoted homogeneity in all subjects for both terms. A relative increase of 37% is found during quarantine with a median of 67% of students per day. The difference increased when all of the information was processed—in Figure 13, some 50% of subjects only had between 35% and 45% of concurrent users in Q2-2019 in contrast to Figure 6.



The average number of actions per user was obtained for each subject. The mean, median, and maximum were calculated (see Table 7). There was a significant increase in the mean value: a user passed from 45 to 65 actions per subject. The length of the box also changed (this is the range that includes 50% of subjects), as can be deduced by comparing Figure 5 and Figure 14.



The comparison in the use of resources/activities is also made (see Figure 15). From Q2-2019 to Q2-2020, there is a significant increase in the use of the main tools (assignment, file, quiz, and forum).



Table 8 shows a summary of results considering the number of subjects in which the main resources/activities (assignment, file, quiz, and forum): 81% of subjects used tasks in contrast with   62 %   in Q2-2019 term, approximately 40% of subjects used questionnaires, up from 14% during the previous term. The number of subjects in which questionnaires were used almost tripled. These are important data, because the use and design of a questionnaire in Moodle are considered to be difficult.



Table 9 compares the number of actions (assignment, file, quiz, and forum) mean/median per user for each subject between terms. The number of assignments per user has more than doubled, and half of the subjects reveal more than 40 tasks per user (compared to seven in the previous term). The number of quizzes and forums per user and subject more than quadrupled and some 40% of courses use questionnaires.





4. Conclusions


An effort has been made to structure data from a university Moodle platform. The data were intended to be useful for extracting teaching information at the subject level, as well as the school centre and university levels in a general context; this has made the description complex. The data that we believe are most significant, especially in an online teaching environment, we have called ‘key indicators’, some of which have been newly defined at the subject activity level. These are not the only indicators and more may arise. However, any university with a virtual platform (especially, but not necessarily, a Moodle) can access similar data and replicate the study. In addition to defining and organising the data, a design has been made of how the data can be analysed: guidelines have been given regarding types of graphs and how to make data comparisons between terms, school centres, faculties, and universities. For example, a bivariate diagram and correlation coefficient reveal whether the student response in each centre was in line with the demands made by lecturers.



The pitfall to reproducing such work in another university or environment is not having Moodle indicators on hand, or not having them in a processable spreadsheet format.



We can remark that: (1) weekly is a sufficient period for saving the indicators, and it is not necessary to have them saved daily; (2) it is useful to save the indicators at level 1 of the subject, so that, within a unit, it is possible to produce averages, medians, maximums per subject and student, and use graphics, such as boxplots, which include all subject behaviour in a unit; (3) it is not generally necessary to specify the type of use of the resources (read, send, create) and the aggregate is sufficient. However, it would be necessary to distinguish use between students and lecturers; and, (4) as an exception, it is necessary to specify and save the data separately for activities that are created by lecturers and submitted by students.



The analysis is applied to the Universitat Politècnica de Catalunya data during the pandemic term with online teaching (second term of academic year 2019–2020). The data made available were restricted. A thorough study and analysis of the indicators shows how valuable information can be extracted from the overall data. Students have generally responded very well to the demands of lecturers by working online, with the results obtained in a sustained and seemingly natural manner during the course. The correlation coefficients for all of the centres measured between 0.8 and 0.95—which reveals that the centres were sincronized and making continuous evaluations. Surprisingly, there is a sharp increase in deliveries by students during the first week of quarantine, multiplying by 1.7 and the volume of deliveries increases week after week for five consecutive weeks until reaching 2.5 times before online teaching. A considerable amount of work was produced, even in Easter week.



The file format remains the preferred subject resource for providing information and material to students and it is used in 93% of the subjects. Some four out of ten subjects use questionnaires, with triple the number of subjects using this resource when compared to normal terms; however, when used, they are used intensely.



Under normal conditions, some 17% of subjects show a high level of activity with more than 80 actions per student and, during quarantine, almost twice as many subjects showed a high level of activity on average. There is a surprising contrast between school centres or departments, where some reveal that about half of their courses had high levels of activity. In general, all of the indicators in the virtual classroom indicate that there was a good subject monitoring: both for the lecturers (who needed to be trained) and for students.



The aim of this paper is not to compare academic performance indicators with Moodle indicators, and we leave this study for the future. However, we know that, in the case of the UPC, there was an improvement in performance indicators ([32]).



It must be said that the results of such good teaching performances at the UPC during quarantine cannot be explained without a set of actors. One is the key role that is played by ICE, especially in offering assistance and teaching support during the pandemic [29]. It must be added that, during the first week of quarantine, the UPC offered Google Workspace G Suite to the entire community. In addition, Atenea offered several unique Moodle utilities, such as the lecturer’s briefcase, which enables storing and testing (including as a fictional student) all of the Moodle resource [29]. The technological profile of the university must also have helped.
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Figure 1. Number of subjects (and percentage) during Q2-2020 term classified according to the level of activity (K5, see Section 2.2) and the reference values before Covid-19. 
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Figure 2. Subjects that use Moodle resources and activities during Q2-2020 term (K2). (a) percentage; (b) number of master and degree courses. 
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Figure 3. Actions (percentage) of different Moodle resources and activities per subject during Q2-2020 term (K4 of total UPC per subject). 
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Figure 4. A boxplot of the concurrent users (percentage) for each subject during Q2-2020 term (K1). 
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Figure 5. Boxplot of the number of actions per user for each subject during Q2-2020 term (K3). 
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Figure 6. Total Moodle resources/activities and number of deliveries (quiz and assignment) created per week by UPC teaching staff during Q2-2020 term (K6). 
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Figure 7. Number of deliverables (quiz and assignment) sent per week by UPC students during Q2-2020 term (K7). 
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Figure 8. Q2-2020 term: Deliveries per week (quiz and assignment resources) for each center, deliveries sent by the student vs creation of deliverables by lecturers, with the regression line and correlation coefficient r (K8 versus K7). (a): Before quarantine   r = 0.9  , (week 16 March). (b): During quarantine   r = 0.79   (week 20 April). (c): During quarantine and evaluation period   r = 0.96   (week 22 June). 
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[image: Sustainability 13 05177 g008]







[image: Sustainability 13 05177 g009 550] 





Figure 9. Q2-2020 term: Correlation coefficients per week of the deliveries made by students vs creation of deliverables by lecturers from each centre (from K6–K7). 
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Figure 10. Comparison of the level of activity during Q2-2020 (K5 for each unit) between: (a) school centres; (b) departments. 
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Figure 11. A comparison between school centers of quiz actions per subject during Q2-2020 (K4 of a unit per subject and user). (a) mean and per active user; (b) mean and median. 
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Figure 12. Boxplots of number of quiz actions of subjects for each center during Q2-2020 (K3 for quiz). 






Figure 12. Boxplots of number of quiz actions of subjects for each center during Q2-2020 (K3 for quiz).



[image: Sustainability 13 05177 g012]







[image: Sustainability 13 05177 g013 550] 





Figure 13. Boxplot of the concurrent users (%) for each subject during Q2-2019 term. (K1). 
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Figure 14. Boxplot of the number of actions per user of subjects, during Q2-2019 term. (K3 per user). 
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Figure 15. Comparison between Q2-2019 (top) and Q2-2020 term (bottom): actions for each resource/activity per subject (mean and median values). (K4 per subject). 
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Table 1. Type of Moodle data stored (and not stored) since 2016 on the Elastic Search platform for each subject and day without distinguishing student/lecturer and type of use (read/load/send).
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	Type of Data
	Stored
	Not Stored





	Use of resources
	file, folder, URL, book, page
	Label, IMS



	Use of activities
	quiz, forum, assignments, lesson, LTI,data, wiki, feedback, chat, choice group,glossary, workshop, summary, SCORM
	H5P, IMS, consult, poll, assistance



	Users
	concurrent users (maximum)
	–



	
	enrolled students
	–
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Table 2. Type of Moodle data stored during quarantine period, from March to July 2020, by centre and week. Deliveries distinguish student and lecturer.
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	Type of Data
	Stored





	Resources/Activities created by lecturers
	all



	Activities created by lecturers
	quiz, assignments



	Activities sent by students
	quiz, assignments
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Table 3. Different levels to measure Moodle activity.    1   by mean value dividing by active users.    2   in mean/median/maximum value considering all data from subjects.
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	Level
	Moodle Activity of a
	Per





	0
	user
	–



	1
	subject
	(user    1  )



	2
	degrees/masters
	(user    1  /subject    2  )



	3
	unit
	(user    1  /subject    2  )



	4
	global university
	(user    1  /subject    2  )
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Table 4. Key indicators to measure teaching activity over a period.    1   by mean value dividing by users;    2   by mean/median/maximum value considering all data from subjects.
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	Symbol
	Key Indicators
	of a
	for Each
	Per





	K1
	Concurrent users
	subject
	
	



	K2
	Active subjects
	
	(resource/activity)
	



	K3
	Activity
	subject
	(resource/activity)
	(per user    1  )



	K4
	Activity
	unit/total
	(resource/activity)
	(user    1  /subject    2  )



	K5
	Level of activity
	subject
	(unit)
	



	K6
	Deliverables created
	
	
	



	
	by recturers
	unit
	
	



	K7
	Deliverables sent
	
	
	



	
	by students
	unit
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Table 5. The number of actions that define the level of activity (K5, see Section 2.2) and percentatge of subjects in Q2-2019 and Q2-2020 terms—classified according to the level of activity.
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Activity Level

	
Actions Per User

	
% Subjects

	
% Subjects




	

	

	
Q2-2019

	
Q2-2020






	
Low

	
<15

	
17

	
8




	
Medium

	
between 15 and 80

	
66

	
62




	
High

	
≥80

	
17

	
29
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Table 6. Concurrent users (mean/median) in Q2-2020 and previous Q2-2019, and the percentage of relative difference. (Mean/median K1 of all subjects).
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	Term
	Mean/Median
	% Difference Rel.





	Q2-2019
	   48.8 / 49.3   
	



	Q2-2020
	   66.7 / 62.3   
	   37 / 26   
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Table 7. The average number of actions per user for each subject. Mean/median/maximum in Q2-2020 and previous Q2-2019 and percentage of relative difference.
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	Term
	Mean/Median/Maximum
	% Difference Rel.





	Q2-2019
	   44.9 / 41.0 / 392   
	



	Q2-2020
	   65.1 / 55.7 / 500   
	   45 / 36 / 28   
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Table 8. Comparison of subjects (%) that used assignments, quiz, files, and forum between terms Q2-2019 and Q2-2020. (K2).
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	Term
	Assignment
	Quiz
	File
	Forum





	Q2-2019
	62
	14
	91
	87



	Q2-2020
	81
	38
	93
	96
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Table 9. Comparison of number of actions (assignment, file, quiz, and forum) per user in mean/median of all subject between terms Q2-2019 and Q2-2020. (Mean/median K3 per user).






Table 9. Comparison of number of actions (assignment, file, quiz, and forum) per user in mean/median of all subject between terms Q2-2019 and Q2-2020. (Mean/median K3 per user).





	Term
	Assignment
	Quiz
	File
	Forum





	Q2-2019
	   43 / 7   
	   209 / 0   
	   860 / 292   
	   81 / 19   



	Q2-2020
	   101 / 40   
	   843 / 0   
	   1047 / 416   
	   382 / 106   
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