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Abstract

:

The COVID-19 pandemic situation in 2020 forced educational institutions worldwide to fully adopt online learning for both teaching and assessment. However, this change may lead to less satisfactory learning outcomes, if the online technologies used have not been adequately applied. This study compares student engagement and performance through online continuous assessment in a one-semester structural analysis course for undergraduate architecture students before and after the pandemic outbreak. Online continuous assessment assignments had already been deployed and validated in the course evaluation system before the outbreak, and they were further leveraged during the online course. These assignments consisted of three weekly Moodle questionnaires throughout each of the fifteen course weeks, which determined the continuous assessment score. More than 200 students participated in each period. The results showed that shifting to online education affected continuous assessment outcomes very little in terms of participation rates and student performance. The possible underlying causes for the slight differences found between the two academic years are also discussed. The results highlight the robustness of the continuous assessment method used and emphasize the importance of having developed and validated online learning procedures to broach learning activities if contingency situations are required.
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1. Introduction


The COVID-19 pandemic situation in 2020 forced educational institutions worldwide to leave face-to-face education and adopt an online learning modality for both teaching and assessment. Education institutions faced the challenge of providing teaching of sustained quality while hard lockdowns were in effect, with a very short transition period. Despite such circumstances, the interest and involvement of students had to be maintained remotely, taking advantage of available technologies, developments, and the associated experience. Over the previous years, learning and communication platforms had already become widespread, transforming the learning environment. After the outbreak, these technologies had to be deployed to replace physical classrooms. A higher degree of deployment of online learning technologies can make it more feasible to succeed in preserving the involvement of students [1]. If these objectives are not met, concerns arise about the learning outcomes, not only during the pandemic, but also in the years to come due to cumulative learning loss [2].



The European Higher Education Area promotes continuous student work and the counterpart assessment by the lecturers, among its measures. This method is based on course evaluation through daily class work, course-related projects, and practical work, instead of relying exclusively on a final examination system [3]. The main advantage of this approach is that students receive feedback on their progress throughout the course, allowing university lecturers to adapt their response to the needs of the students.



Teaching the concepts of structure analysis involves several peculiarities. Students must know how to calculate structures correctly, developing the ability to understand the physical behavior of a structure as a whole, as well as its individual elements [4]. Moreover, the learning development should provide techniques for future structural design practitioners to evaluate the reasonableness of the design outcome [5]. With these objectives in mind, various successful strategies have been devised for teaching structural analysis, i.e., problem-based learning, project-based learning, or design and testing [4,6,7,8]. According to the literature, other learning methods could be incorporated to a greater or lesser degree in the teaching of structures, in both blended and electronic learning. Among the most outstanding methods are interactive lectures, experiential learning, and inquiry-based learning [9]. Yet, maintaining these learning approaches while the lockdowns were in force was an additional challenge to instructors.



Given these factors, the purpose of this study is to analyze and compare student performance using online continuous assessment in a structural analysis course for undergraduate architecture students before and after the COVID-19 outbreak. The comparison is made on the quantitative basis of the assignment scores and participation rates, taking into account that the assessment periods examined followed the same scheme and criteria.




2. Previous Work


2.1. Blended Learning and Electronic Learning


Technologies and different educational applications have not only boosted a more digitalized and globalized education model, but have also helped to modify teaching under such exceptional circumstances as a pandemic. Due to the COVID-19 pandemic, the educational institutions across the world found themselves in the position of having to switch rapidly from face-to-face to online teaching.



Before the COVID-19 pandemic outbreak, blended learning and electronic learning-based course schemes had already experienced a huge increase, with a considerable number of reported advantages, while claiming to retain many of the strengths of face-to-face classes. Several authors have evaluated the suitability of blended learning and electronic learning schemes. A previous study conducted by Ortiz et al. [10] confirmed that there was a high correlation between the final marks of students and the continuous assessment results of blended learning.



University online courses (UOC) and massive open online courses (MOOCs) led the way to implement completely online courses with self-continuous assessment. MOOCs are becoming increasingly popular around the world, as they enable students to select the composition of their own training, combining flexibility and the advantage of being taught by world renowned instructors [11].



Previous experience with distance education has been revealed a key factor in the success of implementing online courses, facilitating the adaptation of both students and instructors [1,12]. In teaching units with experience in distance education, lecturers can easily replicate physical classrooms using the existing online education infrastructure. Moreover, experience indicates that the entire university community might benefit further if distance education takes place throughout the curriculum in a planned and uniform manner [13]. After more than a year of using the education system necessitated by the pandemic, various teaching modalities have been tested. There are studies that maintain that the most favorable option is teaching with a certain degree of face-to-face teaching, i.e., hybrid teaching, because interaction with teachers and classmates is fundamental for a positive learning experience [14]. These modes of teaching have been essential, along with other advanced technologies, in courses that necessarily require face-to-face interaction [15]. However, many experimental learning-based courses have been forced to be delivered entirely online due to severe local restrictions [16].



A fundamental issue of online learning courses is to maintain the active participation and engagement of students, avoiding dropout [17,18]. This is fundamental for all education levels in the context of a forced shift to online learning due to the pandemic. Virtual learning environments, with introductory low-stake assessments, have been acknowledged to encourage high levels of student engagement, which in turn helped maintain or enhance the student experience [19]. However, Turnbull et al. [13] maintain that it is unrealistic to expect that lecturers and students adapt to online learning by repeating patterns of behavior and processes that worked for face-to-face learning.



The most severe restrictions as a reaction to the pandemic took place in the period from March to June 2020, a period for which some academic performance and learning quality results are already known. According to higher education students, course features and instructor characteristics, as well as technical and social support, remain crucial for ensuring the quality of education [20]. Students also have a positive view of both the adaptation to blended learning due to the pandemic in technical university courses and the degree to which digital technologies facilitated it [1,21]. The learning quality perceived by engineering students was generally maintained when comparing face-to-face to online learning, except in the basic course units taught in the first year [22]. In the context of very low human interaction, advanced tools successfully assist students in following the course [23,24].



Technologies to deliver online education can be classified into two main groups: asynchronous and synchronous. Asynchronous learning systems are built on communication platforms that do not require time-sensitive interactions between stakeholders in the education process [25]. Learning management systems are distance learning platforms that facilitate stakeholder interactions based on a ‘request-response’ framework, generally unconstrained by time limitations. Modular Object-Oriented Dynamic Learning Environment (MOODLE) is one of the most popular online learning management systems, standing out for its high interoperability, a large toolset, and advanced features. These features aid instructors to support student involvement and achieve better learning outcomes. MOODLE has been proved to gauge student learning performance in relation to their final evaluation [26]. A recent study indicates that the number of activities carried out in MOODLE in a university with a face-to-face scheme has tripled compared to the year prior to the pandemic outbreak [27].




2.2. Continuous Assessment


Encouraged by the Bologna Process, continuous assessment aims to support student learning in higher education through student academic performance monitoring, enabling adequate instructor feedback while increasing student motivation for learning. Continuous assessment involves positive impacts on learning as it encourages student follow-up, continued work, and interest in the course, thus reducing dropout rates [28,29]. The calculation of the final grade from a series of scores, rather than on the basis of a single final exam, helps to ensure that the student’s performance is not unduly affected by possible setbacks on the day of the final exam [30]. Students perceive an important incentive of continuous assessment when assignments are summative, for which real effort is required, rather than voluntary assignments or prerequisites for examination [31,32]. In continuous assessment, moreover, frequent practicing of applied exercises similar to those proposed on exams improves motivation, increasing learning and success rates of students [3]. As a result, positive correlation is generally found between continuous assessment and student achievement [33].





3. Course Syllabus


The structural analysis course from which the data for this study are taken is a compulsory subject for the Degree in Fundamentals of Architecture of the Technical University of Madrid. It is taught in the third year and covers one semester. Six hours of teacher-centered classes are given each course week, and are distributed into two three-hour sessions, the first half of which consists of a master class lecture and the second half of which consists of an interactive problem-based learning workshop where students complete part or all, as the case may be, of the continuous assessment assignments. The course comprises six credits, according to the European Credit Transfer and Accumulation System (ECTS).



The learning outcome is to obtain graphs of internal forces, maximum structure stresses, maximum deflections, and member dimensioning given the structure load state and the corresponding limit state method (ultimate limit state and serviceability limit state).



The content of the course comprises the fundamental knowledge for the linear and non-linear analysis of building structures. It is offered every year, with the syllabus in the same order. The course covers the following topics (course week is indicated in parentheses):




	
Fundamental concepts of the course: safety of building structures (W 1–2) and dimensioning of structural members (W 3–10).



	
Analysis methods: linear elastic analysis (W 1–9), theory of second order analysis (W 10), and plastic calculation (W 11, 12, 14, 15).



	
Structural typology: plane and space trusses (W 1–3), isostatic beams (W 4, 11), multi-span hyperstatic beams (W 5, 11), isostatic frames (W 4, 11), hyperstatic frames (W 5–12), arches (W 5), grillage structures (W 13–14), and slabs (W 15).



	
Equations and methods: equilibrium equations (W 1–14), compatibility equations (W 4–10, 12, 13), and constitutive equations (W 4–10, 13); force method (W 4, 13) and matrix method (W 5–9, 12, 13); principle of virtual displacements (W 1–15).



	
Internal forces: simple bending (W 3–14), mixed bending (W 5–14), tension (W 1–12), and compression (W 3–12).



	
Deflection of structures (W 1–10, 13).








In the syllabus of the Degree in Fundamentals of Architecture, the subject of this study, is preceded by a one-semester introductory course on the mechanics of continuous media.




4. Continuous Assessment Procedure


The final grade of the structural analysis course on which this study is focused is composed of two scores: one resulting from the completion of two exams and another derived from the continuous assessment. The study presented hereby compares the student performance throughout the continuous assessment of academic years 2019–2020 and 2020–2021. The characteristics described below are common to both academic years.



The continuous assessment score was calculated as the average score of fifteen weekly scores. Each weekly score is in turn, the weighted average of the scores of two assignments. Figure 1 displays the timeline of a generic course week, along with the corresponding questionnaires. The first one is an exam-like short-applied synchronous questionnaire related to the content taught in the master class, which must be completed during the subsequent workshop time. The second one is an exam-like long applied asynchronous questionnaire that students begin to complete during the workshop time, although with an estimated required time of 6 to 8 h. Students have one week to complete the long-term questionnaire and are required to take a complementary synchronous test in the first class of the following week. In this complementary questionnaire, a selection of results from the long-term exercise are requested in order to verify the student’s own work, and its score is averaged along with that of the long-term questionnaire. Although in the long-term questionnaire, the students work on a single practical problem, the extension of these questionnaires is large. This is a consequence of the fact that students are asked for multiple intermediate results that guide the student in solving the problem. In this way, a guided instruction method is applied [9].



These questionnaires are prepared to be uploaded to MOODLE, administered and corrected with a high level of automation, following previous developments of professors from the Technical University of Madrid [34]. The questionnaires combine calculated question type, interfaces for drawing graphs of internal forces, and drag and drop type questions [35,36,37,38]. Figure 2 shows an example of the rubric and a question that asks the students to draw the graph of internal forces in a MOODLE questionnaire. Although the rubric is essentially the same in each questionnaire for all students, different variants are automatically generated that incorporate a random parametrization of initial data, such as forces or dimensions. This measure aims at preventing students from copying each other, while not discouraging collaboration in the resolution of the questionnaire. Short questionnaires had only one attempt allowed and were set up to provide the correct answer to students at the end of the class. Conversely, in long questionnaires, an unlimited number of attempts was allowed, and feedback as to whether the answer was correct or not was provided after each attempt, without providing the correct value. This formative feedback, as well as a summative score, is known to increase student motivation, encouraging students to try to complete the questionnaire with the maximum score [32,39]. To aid students, the lecturers offered their availability to resolve doubts during additional tutoring sessions for the correct completion of the exercise. The results of the questionnaires were scored with a value that varied linearly from 0 to 10 points, 5 being the minimum pass score. The suitability of these online learning tools for blended learning has been successfully validated [10].



The most important difference between the two academic years analyzed is that classes were conducted entirely face-to-face during the academic year 2019–2020, while they were fully online and synchronous in the academic year 2020–2021. In the latter year, the Zoom application was used by instructors to set up live virtual classrooms [40]. In the context of the COVID-19 pandemic, the courses shifted relatively quickly to an online learning scheme in March 2020, forced by the strict lockdown declared in Spain. Therefore, students had almost one semester to adapt themselves to the online learning scheme, which resumed for the new academic year in September 2020. For example, in the workshop portion, students were able to effectively raise their doubts and questions using ZOOM annotation tools on the questionnaire rubric showed on shared screen.



Although the syllabus scheme is maintained each academic year, new questionnaires are proposed each year from a large database developed by the professors. The designs of the structures to analyze in respective questionnaires differ significantly from those proposed in several previous years. This measure prevents academic dishonesty because solutions are not readily available to students. In addition, it removes possible dependency between the data sample analyzed in this study. Another important fact allowing for the comparative study hereby presented is that the calculated and numerical questions allow for an objective quantitative assessment.




5. Results and Discussion


The results presented in this section are based on the scores obtained by 210 students during the academic year 2019–2020 and 213 in the academic year 2020–2021. The students were distributed in three classroom groups of three different lecturers who taught the subject in a fully coordinated manner. Table 1 displays the main statistics of the academic years analyzed, including the total number of students that participated, the total number of scores corresponding to questionnaires completed by students, their associated participation rate, and the corresponding total average. It is observed that both the participation rate and the average score of the questionnaires completed were higher in year 2020–2021.



Based on these data, the participation rates, statistical analysis of student performance, and its evolution have been studied.



5.1. Participation Rates


Two indicators have been considered to analyze the degree of involvement of students in continuous assessment. First, the net participation rate of a questionnaire, which accounts for the number of students who completed the questionnaire out of the total number of students. Likewise, the net participation rate for each week was the average net participation rate of the questionnaires proposed for that week. In a complementary manner, the gross participation rate for each week is defined as the number of students who have completed at least one of the questionnaires set for the given week out of the total number of students.



Figure 3 compares the student participation rates over the fifteen weeks of the two academic years analyzed. It can first be noticed that participation rates were more uniform in 2020. In fact, participation rates in 2019 began at low levels. The most likely reason for the uniformity in participation rates in 2020 is that students were more aware of the need for using online assessment tools. In general, gross participation rates remained over 70% and net participation rates over 50%.



Relatively low participation rates were observed in certain course weeks. Students were able to dedicate less time to continuous assessment during week 10 because exams of other subjects are held during that week, in addition to the fact that many assignments due were due that week. While this circumstance has virtually no impact in 2020, it produces a plunge in the participation rate in 2019. However, under similar circumstances, the opposing effect was observed in the last week of the course. In 2019, the gap between the net and the gross participation rates was greater than that in 2020. This means that students who were engaged with the course participated in a more regular manner in 2020.




5.2. Assignment Scores Throughout Continuous Assessment


Figure 4 presents a boxplot that illustrates the ranges of the weekly scores for both academic years. The weekly score values plotted were calculated, incorporating non-completed questionnaires with score equal to 0. As the course progresses, an increase in the value of the scores is observed. However, there is also an increase in their dispersion. These effects are more pronounced in the second year analyzed. The increasing dispersion responds to the higher frequency of null scores associated with questionnaires not taken in the last weeks of the course.



The weekly evolution of the cumulative average score of each student is used in the following figure to compare the students’ follow-up of the course. Figure 5 illustrates the evolution of the average scores of the students throughout the course for academic years 2019–2020 and 2020–2021, respectively. Each line represents the proportion of students whose cumulative average score is equal to or below the indicated value. For example, after 8 weeks, 69% of students had an average score of 5 points or less in academic year 2019–2020, while 55% of students scored 5 points or less in 2020–2021 after 8 weeks. Ideally in this graph, the high scores would show as little a separation between each other as possible, and placed as low as possible. In this sense, Figure 5b indicates that overall, the student performance in continuous assessment was more satisfactory in the academic year 2020–2021, which is consistent with the data displayed in Table 1.



When students face an assessment system, especially continuous assessment, there is a progression of learning about how the system works. This process is also observed in the first weeks of both academic years, from weeks 1 to 4 in 2019–2020 and from weeks 1 to 3 in 2020–2021. A steep increase in the average scores is observed in the former period, whereas the dispersion of the average scores smoothly increased in the latter period. Noting that the average values plotted in Figure 5 also incorporate non-completed questionnaires, with scores equal to 0, this observation is consistent with the low participation rates over the first weeks in year 2019–2020, which helps explain the high frequency of very low average scores. Up to that point, it can be inferred that a significant number of students have encountered difficulties in getting used to the dynamics of the course, or other types of difficulties (administrative, enrollment, technology access, etc.), which are issues that have been observed by other authors [41]. Looking at the process of adaptation to the assessment method and the dynamics of the subject from the respective turning points mentioned above, slightly different trends can be observed for the two academic years studied. Lines with descending slopes indicate that students improved their average score as the course develops, as noticed in the broad outline for the year 2019–2020 series. In contrast, lines that represent low average scores in year 2020–2021 have ascending slopes which, in combination with the participation data in Figure 3, reflect the progressive increase in the number of students dropping out of the course.




5.3. Statistical Analysis


The statistical analysis carried out using the weekly scores is described below. Table 2 displays the weekly scores statistics and indices over the fifteen weeks of the academic year 2019–2020, and Table 3 shows the counterpart statistics and indices for 2020–2021. They include the average and the standard deviation of the week’s scores, which were calculated subsequently, incorporating the scores of the assignments for the counterpart week, where non-completed questionnaires were scored as 0.



The discrimination index of the weekly assignments was calculated. Let    x i    be a vector containing the scores of week i and T a vector containing the student’s final scores. The discrimination index of week i assignments is the product moment correlation coefficient between    x i    and T (Equation (1)) [42].


   D i  =   C  (   x i  , T  )      V a r  (   x i   )  · V a r  ( T )       



(1)







C(xi, T) is the covariance of xi and T. The discrimination index indicates the extent to which the assignments of a particular week have discriminated between the high scorers and low scorers on the course, and its values range from 0 (no discrimination) to 1 (maximum discrimination). Students who earned high scores on the other weekly assignments should also earn high scores in week i, so the score for the week and the continuous assessment score should be well correlated.



The discriminative efficiency is another index that measures the contribution of an assignment to the final score, which is expressed as the ratio of the correlation coefficient of vectors    x i    and T to the maximum correlation coefficient of vectors    x i    and T, with their respective components sorted (Equation (2)) [42]. This index is considered more robust than the discrimination index. Its values range from 0 (no discrimination efficiency) to 1 (maximum discrimination efficiency).


  D  E i  =   C  (   x i  , T  )     C  m a x    (   x i  , T  )     



(2)







To examine possible differences in the abovementioned statistics and indices associated to the questionnaires of the two academic years analyzed, Student’s t-tests for paired samples were performed. The averages of weekly scores of both academic years were compared using a one-tailed t-test, and the p-value was 0.006, indicating that the weekly scores were significantly higher in year 2020–2021 at the 95% confidence level. Next, the two series of discrimination indices were compared using a two-tailed t-test, and the resulting p-value was 0.21. As a result, it cannot be concluded that the discrimination indices of either academic year are significantly different at the 95% confidence interval.



It can be observed that the average weekly grades tend to increase as the course progresses, especially in academic year 2019–2020, as they were initially lower than in 2020–2021. The dispersion of weekly scores is narrower in year 2020–2021 (2.53 to 3.38), while in 2019–2020, it reaches 4.21 by week 12. The higher variance of test scores does not necessarily mean that students had particular comprehension difficulties, as the average score is in line with the previous and the next one. According to the course syllabus, week 12 is devoted to plastic calculation of hyperstatic frames using compatibility equations, the matrix method, and the principle of virtual work. Plastic calculation, the structural typologies, and the methods used have already been taught in previous weeks of the course, and the discriminative efficiency of this week (43.3%) is at an average value. The relatively high standard deviation is more likely due to other external factors, e.g., excessive workload in other concurrent courses. Although in week 12 of the following year, this dispersion in grades is not observed; therefore, it is advisable to verify that in the following courses, there is no high variance, since it could indicate that the adequate performance of the students is at stake due to other possible deficiencies.



Finally, the difference between the average scores of the synchronous and asynchronous tests for each week are included in Table 2 and Table 3. To compute the average values, non-completed questionnaires were scored as 0. Positive values indicate that overall students performed was better in the asynchronous test (for which they have an unlimited number of attempts). This would suggest that students consolidate the knowledge they have acquired during the week as long as the difficulty of both tests is similar. Conversely, negative values indicate that students were more successful in the synchronous test, and therefore, they would have had difficulty strengthening their knowledge. Given that no significant differences were found between the test scores of the two academic years and that, in general, the differences in year 2020–2021 are greater, it could be said that in year 2019–2020, students’ learning occurred to a greater degree through the synchronous tests, while in 2020, students were able to better consolidate their knowledge, thanks to the asynchronous tests.




5.4. Discussion


Although a slightly higher overall performance and higher participation are observed during the latter academic year, higher dropout rates are a cause for concern. In the year of the pandemic, the distribution of the continuous evaluation final scores features a dispersion more typical of a bimodal distribution, clearly differentiating between students who took the course to the end and students who dropped out.



Several possible factors causing these differences have been identified in relation to the existing literature, which should be addressed to enhance blended and online learning, and reduce drop out. The previous introduction to structural analysis course that the students would theoretically have taken, according to the curriculum, was in the spring semester of academic year 2019–2020, during which the pandemic broke out. The uncertainty associated with the adequate adaptation of teaching procedures and evaluation systems after the severe disruption in that semester caused by the pandemic outbreak might have significantly affected the learning performance, accumulating learning loss, as reported by several authors [43].



The lack of equal access to telematics facilities, e.g., access to a permanent and stable internet connection, as well as a non-proficient use of online learning technologies, can be determining factors for dropping out of a course that is highly dependent on such technologies [44,45,46]. The difficulty in concentrating at home, given the restrictions on public places of study, might have been another possible cause of the decline in academic performance.



Traditional classroom interaction encourages a social environment with interpersonal communications. The lack of face-to-face interaction with the university community, even with an extensive use of social media, could diminished what would have otherwise been a collaborative work regarding the resolution of assignments [47]. During the second half of the class, namely the interactive problem-based learning workshop, collaborative group work is not only allowed, but is considered particularly beneficial for learning, as students are assigned rubrics with different values for the initial data, thanks to the high degree of automation enabled by the MOODLE questionnaires. Therefore, the numerical solutions vary. However, group work promotion is more difficult without a physical location in the classroom, losing this synergy. Lack of engagement in the online class and fatigue have been described as an important setback of synchronous online learning [48]. Other social, domestic, and personal circumstances related to the pandemic, to some extent, may also have negatively affected student performance [49].





6. Conclusions


This study compared student performance using online continuous assessment in a structural analysis course for undergraduate architecture students before and after the COVID-19 outbreak. The continuous assessment procedure was based on synchronous and asynchronous MOODLE questionnaires, implemented and tested before the pandemic, and followed the same scheme and criteria in both academic years.



The combined consideration of the graphs presented allowed for a detailed analysis of the evolution of learning. Participation rates slightly increased in the academic year 2020–2021, especially at the beginning of the course. In comparison to participation in year 2019–2020, the year with fully online learning, more uniform participation values were maintained throughout the year. This fact is likely due to the initial student awareness of full online continuous assessment. Moreover, little but significantly higher student performance was observed on average in the final scores for online continuous assessment of the year 2020–2021. However, slightly more students dropped out of the course developed during the pandemic, which is a cause for concern. The possible causes of these differences have been discussed, and do not seem to be attributable to the method of learning, but to social and personal issues related to the pandemic.



The difference between the average scores of the synchronous and asynchronous tests for each week showed that students’ learning was mainly produced through the synchronous tests in academic year 2019–2020, whereas students consolidate their knowledge during the week through the asynchronous tests in year 2020–2021.



Finally, the combination of online learning and continuous assessment, due to face-to-face restrictions because of the pandemic, has been proved resilient and robust, indicating that blended learning is a worthwhile learning modality. Nonetheless, despite the numeric indicators that quantify overall student success, concerns may arise regarding the real impact of the COVID-19 outbreak, since it may not be possible to know in depth the dynamics of student learning and how the pandemic and its implications affected student comprehension. Therefore, a return to face-to-face learning is essential to ensure learning quality and avoid cumulative learning loss, since is not likely that most courses have shown success during online teaching. In any case, it is desirable to monitor the evolution of student performance in the coming years in order to understand the medium-term effects of the pandemic on higher education.
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Figure 1. Timeline of the development of one course week. 
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Figure 2. Example of rubric and graph of internal forces question in the MOODLE questionnaire with interface for drawing graphs of internal forces [38]. 
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Figure 3. Student participation rates over the two academic years analyzed. 
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Figure 4. Boxplot of weekly scores. 
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Figure 5. Cumulative percentage of students and weekly average scores equal to or less than the number on the line: (a) Academic year 2019–2020; (b) Academic year 2020–2021. 
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Table 1. Main statistics of the results.
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	Academic Year
	2019–2020
	2020–2021





	Number of students
	210
	213



	Number of questionnaire scores
	5823
	6081



	Average participation rate
	61.7%
	66.9%



	Average of all scores (over 10 points)
	6.26
	7.04
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Table 2. Weekly assignment statistics and indices of academic year 2019–2020.
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	Week
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15





	Average of week scores
	3.26
	4.51
	5.35
	6.20
	5.98
	5.51
	5.74
	7.40
	6.32
	6.36
	6.90
	6.27
	8.79
	7.59
	7.34



	Standard deviation of week scores
	2.95
	2.88
	3.48
	3.07
	3.54
	3.80
	3.46
	2.93
	2.99
	3.82
	3.80
	4.21
	2.39
	2.72
	2.96



	Discrimination index
	0.57
	0.54
	0.64
	0.55
	0.50
	0.53
	0.77
	0.55
	0.55
	0.49
	0.19
	0.39
	0.57
	0.65
	0.35



	Discriminative efficiency
	0.41
	0.40
	0.54
	0.44
	0.43
	0.51
	0.66
	0.43
	0.45
	0.47
	0.18
	0.43
	0.43
	0.36
	0.24



	Difference between asynchronous-synchronous
	−0.17
	2.48
	1.07
	−2.23
	−0.48
	−2.43
	0.00
	0.64
	0.27
	0.00
	1.46
	0.29
	−0.60
	−1.43
	−0.53










[image: Table] 





Table 3. Weekly assignment statistics and indices of academic year 2020–2021.
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	Week
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15





	Average of week scores
	6.95
	6.19
	6.39
	4.99
	5.78
	5.82
	6.78
	8.04
	7.28
	7.86
	7.78
	7.76
	8.06
	7.98
	8.57



	Standard deviation of week scores
	2.61
	3.22
	3.37
	3.37
	3.33
	2.89
	2.65
	2.93
	2.79
	3.38
	3.72
	2.76
	2.53
	3.01
	2.83



	Discrimination index
	0.54
	0.35
	0.53
	0.57
	0.51
	0.67
	0.48
	0.76
	0.74
	0.71
	0.51
	0.51
	0.71
	0.58
	0.54



	Discriminative efficiency
	0.37
	0.30
	0.49
	0.59
	0.49
	0.54
	0.34
	0.66
	0.55
	0.70
	0.58
	0.43
	0.55
	0.51
	0.48



	Difference between asynchronous-synchronous
	−0.53
	3.20
	2.38
	1.80
	4.50
	3.78
	2.52
	1.81
	0.96
	0.28
	0.93
	2.35
	1.62
	−0.32
	0.00
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