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Abstract

:

The article describes observations from the online teaching of a robotics class during the COVID-19 pandemic caused by SARS-CoV-2, also known as the coronavirus. The changes in the course structure and in the provided material lead to an unexpected increase in the grade performance of the students. The article provides a description and an analysis of the effects and their possible causes. In addition to a grade-performance analysis, further data from a university-wide and from a course-specific survey are used. The analysis of the effects and their possible causes is furthermore discussed in relation to the educational research literature. Some evidence for the general findings is provided, which are of interest for online teaching or blended learning in general, respectively, for teaching in robotics and related areas. These include some evidence for the benefits of asynchronous online teaching and for the role of social interaction, which may happen in self-organized, smaller peer groups, even without the intervention of the instructor. The findings and the extensive pointers to the literature can also provide useful guidelines for instructors of robotics courses when considering the use of online or blended teaching in the future beyond the COVID-19 pandemic.
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1. Introduction


The World Health Organization (WHO) declared the COVID-19 outbreak to be a global pandemic on 11 March 2020 [1]. This pandemic caused by SARS-CoV-2, also known as the coronavirus, had, respectively still has at the time of writing, a significant impact on higher education—with many aspects being expected to last beyond the pandemic itself [2,3,5]. Specifically, the pandemic triggered a global, massive switch to online education [6,7]. Furthermore, it is expected that COVID-19 has only accelerated a trend that is here to stay, i.e., that (elements of) online education will be the new normal in higher education [8].



Similar to other universities around the globe, Jacobs University Bremen also responded by a switch to online education as an emergency fallback measure. Among the 218 courses that were offered online in the Spring 2020 semester is a Robotics module, which is part of a Computer Science (CS) and of a Robotics and Intelligent Systems (RIS) undergraduate study program. There are indications—which are described in some detail in this article—that the online version of the course addressed some general student interests and needs. The article presents possible explanations for this observation including data and discussions with reference to the educational literature. It thus provides some guidelines for possible positive elements that can be taken into account for online education in robotics and related disciplines.



The article makes hence the following two main contributions. First, it provides indications in the spirit of evidence-based education [9,10] using proper data analyses, which can be further used in, e.g., meta-studies to identify general trends. Second, it provides some insights and guidelines that can be useful for instructors of robotics courses who are interested in using online or blended learning in the future beyond the COVID-19 pandemic.



The rest of this article is structured as follows. In Section 2, the content and the structure of the course are presented including information about face-to-face classes in previous years and the way the online version was taught in Spring 2020. An analysis of grade distributions from the previous three years and from 2020 is provided in Section 3. While core parameters remained constant, especially the instructor and the level of the exams, there was an (unexpected) increase in the grade performance for the course during the COVID-19 semester. To put the effect in relation to general observations about the online teaching at Jacobs University in that semester and to identify parameters for the further analysis, results from a student experience survey by Jacobs University are discussed in Section 4. A detailed analysis based on a survey among the students in the course and on the education literature is provided in Section 5. Section 6 concludes the article including a summary of the main findings.




2. The Content of the Robotics Course


The Robotics course that is the topic of this article is offered at Jacobs University Bremen as part of the “Robotics and Intelligent Systems (RIS)” BSc program, where it is a second year core course. Robotics can also be taken as a specialization course by third year students of the BSc program “Computer Science (CS)”. Last but not least, the course is an option as an elective in several study programs including “Electrical and Computer Engineering (ECE)”.



For the spring 2020 version of the course, fifty-eight students were registered, who were distributed over five different majors, as shown in Table 1. The course is a core course in RIS, but more CS than RIS students were registered due to the fact that CS is the larger major in absolute numbers.



The grading is 100% based on the final exam in the form of a 2 h written exam. Students have the option to just audit the course, i.e., to not receive a grade. Nevertheless, a grade for this course is a mandatory component especially for RIS students, as well as for CS students if it should count as the specialization course towards their CS degree.



The Robotics course has five ECTS, which are earned as part of the standard course design at Jacobs University. Classes take place in 28 sessions (depending on holidays, the number of sessions may also slightly vary for a course in some semesters) of 75 min each, i.e., a total of 35 h of in-class sessions. The in-class sessions are usually distributed into two 75 min slots per week over a period of 14 weeks in each semester. Given the five ECTS, it is hence expected that the students also engage in the usual amount of studying outside of the classroom in the order of 6 to 8 h per week. Furthermore, there is the exam preparation time after the classes end and the final exam takes place.



2.1. Syllabus


The course is structured into the following nine parts P1 to P9:




	
P1 Introduction




	–

	
definition of a robot




	–

	
SciFi and reality




	–

	
related concepts and fields throughout history




	–

	
robotics beyond factory automation









	
P2 Spatial representations and transforms




	–

	
coordinate systems




	–

	
spatial transformations




	–

	
homogeneous matrices




	–

	
frames of reference




	–

	
properties of rotation matrices




	–

	
Euler angles




	–

	
quaternions




	–

	
chaining transforms









	
P3 Forward Kinematics (FK)




	–

	
joints and links




	–

	
kinematic chains




	–

	
forward kinematics




	–

	
Denavit–Hartenberg




	–

	
work-space









	
P4 Actuators




	–

	
DC-motor: model and properties




	–

	
H-bridge and Pulse-Width-Modulation (PWM)




	–

	
gear wheels and gear train




	–

	
gear types




	–

	
planetary gear




	–

	
harmonic gear




	–

	
linear actuators




	–

	
bearings




	–

	
shaft-encoders




	–

	
servos









	
P5 Inverse Kinematics (IK)




	–

	
analytical inverse kinematics




	–

	
example six legged robot




	–

	
arm- and hand-decoupling




	–

	
numerical inverse kinematics




	–

	
basic Newton–Raphson




	–

	
Jacobian




	–

	
pseudo-inverse




	–

	
IK with Newton–Raphson




	–

	
example simple planar robot-arm




	–

	
IK with gradient descent









	
P6 Locomotion




	–

	
wheel models and properties




	–

	
Ackermann drive




	–

	
differential drive FK




	–

	
tracks




	–

	
differential drive IK




	–

	
synchro drive




	–

	
omnidirectional wheels




	–

	
omnidirectional drive FK and IK









	
P7 Localization




	–

	
global (absolute) localization




	–

	
triangulation and trilateration




	–

	
least squares optimization




	–

	
multilateration




	–

	
ranging technologies




	–

	
global navigation satellite systems (GNSS)




	–

	
beacon-free localization




	–

	
Multidimensional Scaling (MDS)




	–

	
orientation sensors




	–

	
relative orientation




	–

	
dead reckoning









	
P8 Probabilistic localization




	–

	
localization error representation




	–

	
error propagation




	–

	
probabilistic differential drive odometry




	–

	
Kalman Filter (KF)




	–

	
Extended Kalman Filter (EKF)




	–

	
Unscented Kalman Filter (UKF)




	–

	
Particle Filter (PF)









	
P9 Mapping




	–

	
map representations in 2D and 3D




	–

	
evidence grid




	–

	
range sensors




	–

	
Simultaneous Localization And Mapping (SLAM)




	–

	
registration




	–

	
loop closing




	–

	
EKF-SLAM




	–

	
PF-SLAM




	–

	
pose-graph














The course is complemented by other modules like Control Systems, Automation, Computer Vision (CV), Artificial Intelligence (AI), or Machine Learning (ML) in the RIS, respectively CS BSc program, where additional topics are covered that can be considered to be canonical parts of a robotics education.




2.2. Spring 2020 Version during the COVID-19 Pandemic


Due to the COVID-19 pandemic, (almost) all teaching at Jacobs University was switched to online courses early in the Spring 2020 semester. More precisely, two-hundred ten out of 218 courses were offered online in Spring 2020; the other eight were mainly excursions that got postponed. Overall, the switch was very rapid and thorough, i.e., the semester ended in time as originally scheduled.



For the robotics module in Spring 2020 at Jacobs University, an asynchronous online teaching mode was chosen. The teaching material consisted of slides (PDF), as well as videos (mp4), which were provided via a course website. The videos present the slides with a voice-over plus a recorded virtual laser-pointer; in some occasions, animations are also included. The material covers the lectures and the solutions to the homework exercises that form the basis of the final exam at the end of the course.



Table 2 and Table 3 provide an overview of the number of slides and of the duration of the videos for the lectures and for the homework exercises for the different course parts. Note that the students are frequently encouraged to stop the videos and to engage in paper and pencil work on their own to reproduce the derivation of presented methods and their application to specific problems. This holds especially for the provided solutions to the homework exercises, where the expected time to interact with the slides/video material is about six to seven times the duration of each video when properly doing all calculations step-by-step, e.g., when performing extensive linear algebra calculations. This is also—though to a much lesser extent—the case for the lecture part. Furthermore, in the face-to-face version of the course, some time is spent by the instructor at the white-board to interactively engage with the students in a more detailed, step-by-step derivation of some methods, as well as their application. Hence, the presentation time of the slides in face-to-face instruction, as well as the pure duration of the lecture videos does not correspond 1:1 to the class time according to the five ECTS.



The upload of the course material, i.e., of the slides and of the videos, was done as early as possible, i.e., ahead of the scheduled lecture slot. At the beginning of the course, i.e., in the transition phase to online teaching due to COVID-19, this was just few days ahead of the schedule. However, the lead time between the release of the material until the official lecture slot increased to 10 to 14 days towards the end of the semester. The intention was to give the students more flexibility in the decision when to study the material. In addition to the slides and videos, a course forum was provided on Moodle [11,12], where students were encouraged to ask questions and to engage in discussions with the instructor, as well as among each other. Furthermore, Microsoft Teams [13] support was provided for each course at Jacobs University, where also the option for (synchronous) QA sessions in the lectures slots was offered for the robotics course.





3. Analysis of Grade Distributions


The analysis of grade distributions can be a useful tool for studying learning effects [14], but it also has its limitations [15,16,17,18]. There are several aspects why an analysis of grades can provide here some insights. Most importantly, some of the most critical variables are constant in our case [18,19,20], namely: the instructor and the course syllabus did not change over the period of analysis from 2017 to 2020. Additional tests via, e.g., concept inventories were hence not used.



For the analysis, the grades in terms of the exact percentages that each student achieves in each exam were used. They are represented as a normalized proportion [0,1] from worst to best possible. A one-way Analysis Of Variance (ANOVA) of grades by year showed a significant main effect for the exam year, namely   F ( 3 , 117 ) = 10.21 ,   p  0.001  , i.e., there is a pronounced F-value for the critical value   p  0.001  ,   a − 1 = 3   effect degrees of freedom (year 2020 tested against years 2017–2019,   a = 4  ), and   N − a = 117   error degrees of freedom (  N = 121   participants). This effect came from the improved average performance in 2020 compared to previous years, as illustrated in the box-plot in Figure 1. Therefore, there was a strong shift toward higher grades in 2020 with online teaching compared to the face-to-face teaching in previous years. Moreover, achievement levels below 60% were statistical outliers for 2020.



The shift to a stronger grade performance in 2020 is also supported by the analysis of the frequencies of grades (Figure 2). For each year, the y-axes extends to the number of students who took the exam, i.e., the frequency distribution of grades within a year is shown. It also permits a normalized comparison of frequency patterns between the years. It can be seen that in 2020, the relative number of students who achieved a grade of 80% or more is clearly higher than in previous years. Furthermore, the cluster of frequencies of high grades for 2020 also supports the observation that there is an overall better student performance compared to previous years.



It has been observed in an exhaustive study of nearly 500,000 courses taken by over 40,000 college students that the grade performance of students tends to be lower in online versions of courses compared to face-to-face teaching [21]. It is hence surprising—especially given the constraints of the swift transition to online teaching under COVID-19—that an increase in the grade performance for the online version of the Robotics course can be observed. A discussion of the possible reasons and effects is provided in the following sections.




4. Student Experience Survey by Jacobs University


Jacobs University conducts Student Experience Surveys (SESs) as part of its quality management. The SES at the end of the 2020 spring semester covers also aspects of online teaching. The according responses are hence of interest for this article. The survey features 138 questions grouped into 27 categories including academic aspects like the characteristics of students’ studies or the curricula of majors, as well as aspects of, e.g., campus life, housing, community values, equal opportunity, or discrimination.



Given the exhaustiveness of the survey, the overall response rate of Jacobs Students is about 55% (very good). This holds especially in view of the fact that online surveys tend to get lower response rates than paper surveys [22,23] and that the time needed for responding has a negative effect on the response rate [24,25]. However, it also needs to be noted that among CS and RIS students, who are the main interest for this article, the response rate in the Jacobs SES was only about 36%, i.e., substantially lower than for all students at Jacobs University.



The students were given the following two questions SES-1 and SES-2, as well as two lists of statements shown in Table 4 to which they could respond by agreeing (tick mark) or not:




	
SES-1: Which elements of online teaching were beneficial for your learning success?



	
SES-2: Which elements of online teaching were detrimental for your learning success?








In addition to the statements themselves, the percentages of agreement for each of the statements are also shown in Table 4, i.e., the ratio of tick marks for agreement with each statement in the two lists over the number of responders is used to calculate the agreement percentages. The following first observations can be made. Among the beneficial elements, SES-1.1 “flexible schedule” and SES-1.4 “no need to move” received the highest percentages of agreement. This is a bit surprising for the second element, i.e., SES-1.4 “no need to move”, as Jacobs is a small campus university. There are hence very short distances between the colleges and the lecture halls. Agreement with this element might hence be even stronger at institutions where students do not live on campus in very close vicinity of the class rooms.



Among the detrimental elements, element SES2.4 “difficult to keep focused in online meetings” received the highest amount of agreement. This aspect is of interest in the context of synchronous versus asynchronous online teaching, which is also discussed in more detail below in Section 5. However, also, several other elements received high scores. This includes especially social interaction aspects (SES-2.9 and SES-2.10).



The Jacobs SES also surveyed the students’ perception of the effectiveness of online teaching and the interest of students to have more online courses in the future. More precisely, the following two statements were made:




	
SES-3: Online teaching was equally effective as in-person teaching.



	
SES-4: In the future, I would like to have (some) courses in an online format.








For each of the statements, the students could respond on a five-point Likert scale with the following five options:




	
1—strongly agree



	
2—agree



	
3—neutral



	
4—disagree



	
5—strongly disagree








Figure 3 and Figure 4 show the distribution of answers for CS and RIS students. With respect to effectiveness (SES-3), it can be observed that there is on average a slight disagreement with a mean of  μ  = 3.5, i.e., in between “3—neutral” and “4—disagree”. This is in line with the responses of all students of Jacobs University as their mean response is also  μ  = 3.5. With respect to the interest in online courses in the future (SES-4), the average tends towards “neutral” with a mean of  μ  = 3.1 for CS and RIS students, respectively  μ  = 3.2 for all Jacobs students.



The transition to online teaching at Jacobs University had to be done in an abrupt, ad-hoc fashion due to the COVID-19 pandemic. Furthermore, it involved a wide range of different courses in a wide range of academic disciplines. In addition, the level of experience with digital means of instruction varied substantially among instructors, and the majority had no to few previous exposures to this form of instruction. Given these circumstances, the above values should be seen as referring to “online teaching—as offered in the Spring 2020 semester as an emergency measure”. The on-average only slight disagreement with respect to the effectiveness of online teaching compared to in-person teaching may hence be seen as a relatively positive outcome; respectively, the above values should at least not necessarily be seen to be representative for online teaching per se.



During the COVID-19 pandemic, the majority of Jacobs students stayed on campus. This also had an effect on the time zone the students were located in during the semester (Figure 5). This may be a factor with respect to asynchronous versus synchronous online teaching. According to the students’ self-report in the SES, only 6.4% answered the question “Did you spent (at least part of) the semester in a different time zone from Jacobs University?” with yes. The vast majority of 93.6% answered with no.




5. Students’ Perception in Course-Specific Self-Reporting


For a more detailed analysis of the course-specific effects, a survey among the students of the Robotics course was used, i.e., an informal Student Evaluation of Teaching (SET) was conducted. Google Forms was used for this survey. The students were invited via two emails (a first invitation and a reminder 10 days later), as well as through a post in the course forum. The invitation occurred after the final exam.



5.1. Response Rate


The response rate was very good. More precisely, forty-three students filled out the survey, i.e., 74% of the participants. This very high rate is surprising, especially in comparison to the usual response rates of the official course evaluations at Jacobs University and as it was conducted as an online survey [22,23]. It is hence worth considering different hypotheses for this observation.



There is evidence that there can be a correspondence between higher response rates and lower SET scores [26]. Given the very high scores of the course compared to other forms of instruction (Section 5.2), this hypothesis seems here unlikely. Another factor is simply the time it takes to respond to the survey [24,25]. As the survey is short, especially in comparison to, for example, the Jacobs SES (Section 4), this may be a factor. However, it is unlikely that it is the only one [22,23]. Factors like the distribution of age, gender, and social or cultural background can be excluded in comparison to the RIS and CS response rate in the SES, where similar student populations lead to only 36%.



However, student engagement is also considered to be an important element to boost response rates [25], i.e., whether the students perceive a benefit in participating or not. The invitations to participate in the survey included the following statement by the instructor: “I want to find out if and to which extent I provide some online elements (videos, homework solutions, etc.) also in the future for the robotics course as well as for other courses that I teach”. One hypothesis—given also the high approval rates in comparison to other forms of instruction (Section 5.2)—is hence that there is an intrinsic motivation of the students to encourage online teaching or at least a blended learning version of the course in the future.




5.2. Comparison to Other Forms of Instruction


In the first part of the survey, the students’ perception of the course in comparison to other forms of instruction was polled. To this end, three multiple choice grids were used. One of the following three statements Q1.1 to Q1.3 was combined in each of them with the four sub-statements SQ-1.1 to SQ-1.4 (columns) and a −3 to +3 Likert scale (rows) to assess the agreement with each full statement, i.e., Q-1.X combined with SQ-1.Y:




	
Q-1.1: In comparison to classical pre-COVID courses with presence in class, I found the online Robotics course better suited to



	
Q-1.2: In comparison to synchronous online courses last semester (i.e., the course took place in the scheduled slot and it was streamed) during COVID, I found the asynchronous Robotics course (i.e., pre-recorded material provided for self-study) better suited to



	
Q-1.3: In comparison to recorded classical lectures last semester (i.e., the course took place in the scheduled slot and it was recorded) during COVID, I found the asynchronous Robotics course better suited to








	
SQ-1.1: acquire knowledge



	
SQ-1.2: comprehend the material



	
SQ-1.3: apply it to the homework problems



	
SQ-1.4: getting prepared for the exam






As mentioned, a Likert scale was used where the following information was provided in addition to the numerical values:




	
−3 (fully disagree)



	
−2 (partially disagree)



	
−1 (somewhat disagree)



	
0 (neutral)



	
+1 (somewhat agree)



	
+2 (partially agree)



	
+3 (fully agree)








Figure 6 shows the according Google Forms question for Q-1.1. The results for this part of the survey are summarized in Table 5 and Figure 7. It can be observed that the asynchronous-online version of the Robotics course taught in Spring 2020 received very high scores, i.e., there were very high levels of agreement with respect to a perceived better suitability to achieve the objectives SQ-1.1 to SQ-1.4. This includes the comparison with face-to-face teaching, i.e., with presence in class. This is especially interesting in comparison to the Jacobs Student Experience Survey (SES) (Section 4), where no strong indicators for high ratings of online courses can be observed.



It has been reported in the literature that approval rates of courses tend to correlate with grades [27]. This has especially received some attention in the context of discussions on grade inflation [15,17,28,29]. However, this effect may be smaller or even non-existent for natural sciences, where there is evidence that students evaluate all “outlier courses” lower, i.e., they also rate courses with very high average grades with lower scores [30]. Nonetheless, the better performance with respect to grades (Section 3) is a possible factor for the high approval rates. The more interesting question is of course which factors may have contributed to the increase in the grade performance.



The responses (Table 5 and Figure 7) provide a bit of an indication in this respect. Though all levels of agreement are high, this is highest for all objectives SQ-1.Y in combination with Q-1.2, i.e., the suitability of the asynchronous online version to achieve the objectives is considered highest in comparison to a purely streamed online course where no recording is available. This is in line with the main benefit of online courses reported in the Jacobs SES (Section 4, SES-1.1), as well as further results presented below (Section 5.4).




5.3. Amount of Usage of Different Forms of Study Material


The second part of the survey deals with the question about which material is used how much. Concretely, the following question is posed:




	
Q-2: I used for my studies…(please roughly specify how many percent of your study time)








For the different forms of study material, the following sub-statements were given in a multiple choice grid (column) to form a complete statement in combination with Q-2:




	
SQ-2.1: Lecture slides (PDFs)



	
SQ-2.2: Lecture slides with voice-over, pointer, etc. (videos)



	
SQ-2.3: Homework slides (PDFs)



	
SQ-2.4: Homework slides with voice-over, pointer, etc. (videos)



	
SQ-2.5: A study group and/or other contacts with fellow students (in-person meeting, social media, etc.)



	
SQ-2.6: The course forum on Moodle



	
SQ-2.7: Textbook(s)



	
SQ-2.8: External material from the Web (Wikipedia, YouTube, etc.)








For the rough self-assessment of the use of the different forms of study material, the following time brackets are provided. The brackets were chosen such that they capture significantly different amounts of time within a reasonable number of choices within the multiple choice grid (rows):




	
Time Bracket TB-2.1: 0%



	
TB-2.2: 1–5%



	
TB-2.3: 5–10%



	
TB-2.4: 10–20%



	
TB-2.5: 20–30%



	
TB-2.6: 30–40%



	
TB-2.7: 40–50%



	
TB-2.8: 50–75%



	
TB-2.9: 75–100%








The results are summarized in Table 6 and Figure 8. Note that the different forms of material can be combined, e.g., lecture slides may be used in combination with watching a video explaining a homework solution. The values provided for this overview are hence normalized to compare the relative amounts of usage. The results are discussed in more detail below.



5.3.1. Slides/PDFs and Videos


The lecture material in the form of slides and videos played by far the most important role in the study time of the students (Table 6, Figure 8). Specifically, the video material had high amounts of usage; particularly when considering that it can of course also be combined with the use of, e.g., print-outs of the PDF. The videos tended to have higher amounts of usage than the PDF for both lecture material, as well as for the solutions to the homework exercises (Table 7 and Figure 9).



This is in line with the general observations of an increasing trend among learners to use video material, e.g., in form of YouTube tutorials [31,32]. In a survey conducted in 2018 by The Harris Poll for the publisher Pearson, YouTube even ranked first for learning preferences in generation-Z (members of generation-Z are born in 1996 or after) [33]. Though as discussed in more detail below (Section 5.3.4), external resources from the WWW including YouTube were hardly used at all among the students in this course. The provided video material hence seems to have not only been significantly used, but it also seems to be self-sufficient for studying for the course.




5.3.2. Interaction among Students and with the Instructor


One factor that can very positively influence online learning is the interaction of the participants, respectively social presence [34]. Hence, a course forum was provided on Moodle and online meetings were scheduled using Microsoft Teams to allow for interactions including a sense of awareness of the presence of another, i.e., including elements of the expression of emotion, open communication, and group cohesion [35].



It is interesting to note that the course forum on Moodle was hardly used at all, though it was encouraged by the course instructor. The few questions posed in the forum dealt with general administrative questions, especially regarding the final exam. In line with the objective observation of activities in the forum by the instructor, a single student reported a minimal amount of study time (TB-2.1: 0–5%) spent in the forum (SQ-2.6). All other students reported that they spent no study time there.



Furthermore, Jacobs University provided the option for online meetings via Microsoft Teams for every course. Two online QA sessions on Teams were offered in regular course slots to give students the opportunity to ask questions and to discuss with the instructor. The two meetings were scheduled at the beginning of the online teaching phase and at the end of it, i.e., the end of the classes before the exam preparation phase started. Furthermore, the option to schedule additional meetings was also offered in the course forum and via email to the course mailing-list. However, similar to the use of the Moodle course forum, the response to the Teams online meetings was very limited, and the questions posed during the online meetings also mainly dealt with general administrative aspects, especially regarding the final exam. Fore example, there were multiple questions whether there would be an easier version due to the COVID-19 pandemic.



A possible explanation is that there is a strong tendency in recent years for students to prefer discussions in small, familiar peer groups. Figure 10 shows the histogram of the time brackets related to studying in a group, respectively in contact with other students. Only seven students, i.e., about 16%, reported that they were not part of a study group or were not in contact with other students (SQ-2.5). The vast majority, 36 students, i.e., about 84%, reported that they spent on average 14.9% (14.9% is non-normalized, i.e., this number is based on the average of the means of the reported time brackets; other forms of study material, e.g., videos or PDFs, may hence be also used during this time) of their study time in contact with their fellow students. Due to the circumstances related to the COVID-19 pandemic, the vast majority of this contact must have been self-organized and digital (the aspect of how much contact was digital or not was not surveyed as violations of the COVID-19 regulations and guidelines may not be honestly reported), i.e., using social media and messengers (Facebook, WhatsApp, etc.).



Though often stressed in the public media and common narratives, the importance and benefits of the (social) presence of the instructor and of interactions with the students in (online) teaching may be overestimated. The most important factor is social presence among the students themselves, which the instructor may facilitate with digital technology [35]. However, currently, students do have a myriad of options for digital social interactions among themselves through, e.g., social media, without the need for the help of the instructor for providing that infrastructure or for promoting its usage. In contrast, a high involvement of the instructor in online interactions—even by just moderating—can lead to a reduction in the students’ engagement [36]. Furthermore, small group sizes for the interactions are preferred by the students, and they are also more effective [36,37,38].




5.3.3. Use of Textbooks


Five textbooks [39,40,41,42,43] were listed as possible study material in the slides of the first part “P1 Introduction”. They are available in the library on campus, as well as in digital form as e-books (Jacobs University Bremen provides exhaustive access to the digital libraries of publishers and of professional organizations like, e.g., the IEEE for students and staff). However, the reported use of textbooks by the students was negligible. Only a single student reported a very minor use of textbooks; none of the other 42 participants in the survey used textbooks. A theoretical explanation is the limited access to the physical library during the COVID-19 pandemic; though this is only partially valid as there are also digital e-books available for the students.



The more likely explanation is that this observation is in line with a general trend in recent years. It was for example reported in [33] that textbooks rank behind YouTube, group activities, and apps or games for learning preferences in generation-Z. A strong trend in that direction was also already perceived before [31,32].




5.3.4. External Material from the WWW


External material from the web (Wikipedia, YouTube, etc.) also played a relatively minor role. Figure 11 shows the distribution of the use of this material. Eighteen students reported not having used the WWW at all, and the average of 2.97% study time spent on the web was strongly influenced by a single outlier who reported a use of 17%. These amounts are to be expected; they can even be considered to be very small amounts of use of WWW-based resources [31,32,44,45].



This indicates that the provided course material seems to be self-sufficient, i.e., there is no evidence for a strong use of other material like textbooks (Section 5.3.3) and the—meanwhile most prominent—use of WWW-resources like Wikipedia or especially YouTube.





5.4. The Timing of Self-Studies


For the rough self-assessment of the timing with which the students conducted their studies, the following question was combined with the time brackets used already in the context of Q-2:




	
Q-3: I studied the material without a fixed schedule, i.e., whenever it fitted my other courses and other activities… (please roughly specify how often in terms of approximate percentages)








As mentioned, the already presented time brackets were also provided in the multiple choice grid for Q-3:




	
TB-3.1: 0%



	
TB-3.2: 1–5%



	
TB-3.3: 5–10%



	
TB-3.4: 10–20%



	
TB-3.5: 20–30%



	
TB-3.6: 30–40%



	
TB-3.7: 40–50%



	
TB-3.8: 50–75%



	
TB-3.9: 75–100%








The results are shown in Figure 12. It can be seen that a substantial number of students studied the material for a substantial amount of time without a fixed schedule. More precisely, thirty-one students, i.e., 72% of students in the course, studied 50% to 100% of their time without a fixed schedule. Only 12 students, i.e., 28%, reported predominantly using a fixed schedule—though six students of those, i.e., 14% of the students in the course, still studied 20% to 50% of their time without a fixed schedule.




5.5. The Role of Reminder Emails


Due to the lack of interaction with the students during the class period (see also Section 5.3.2), it was unclear to the instructor during that period if and to what extent the students studied on their own as needed for the completion of the course. Hence, reminder emails were sent every two weeks, which listed the material the students were expected to have studied and understood up to that moment. There is some general evidence that course-related emails can have positive effects; though it is not fully evident how pronounced the effect is, respectively which factors contribute to it [46,47].



To test for the way the students perceived the emails, the following statement Q-4 was combined with the two sub-statements SQ-4.1 and SQ-4.2 (columns) and a −3 to +3 Likert scale (rows) in a multiple-choice grid to assess the agreement with each full statement, i.e., Q-4 combined with SQ-4.X:




	
Q-4: The reminder emails that mentioned what was to be studied up to that moment were…



	
SQ-4.1: helpful to keep track of the course material



	
SQ-4.2: just further spam in my mailbox as I got already too many emails regarding courses








Figure 13 shows the distribution of the responses. For SQ-4.1, the mean was  μ  = 1.19 (with a standard deviation of  σ  = 1.85), i.e., there was a clear tendency to consider the emails as being helpful. For SQ-4.2, the mean was  μ  = −0.74 (with a standard deviation of  σ  = 1.99), i.e., there was a slight disagreement with seeing reminders emails as spam.



It can be concluded that even simple emails that remind the students of the expectations with respect to their studies can already be helpful. However, it also should be taken into account that too frequent emails may be considered spam and that they are likely ignored in that case.




5.6. Personal Situation Due to COVID-19


The following statement Q-5 was combined with the two sub-statements SQ-5.1 and SQ-5.2 (columns) and a −3 to +3 Likert scale (rows) in a multiple-choice grid to assess the students’ perception of the situation due to COVID-19:




	
Q-5: Due to my personal situation under the COVID-19 measures…



	
SQ-5.1: I studied less as I did not find the time (compared to previous semesters)



	
SQ-5.2: I was stressed








With respect to the amount of reported study time (SQ-5.1), it is interesting to note that there was on average no effect at all of COVID-19 for the students of this course (Figure 14). The mean was  μ  = 0.02 (with a standard deviation of  σ  = 1.80). Eighteen responders, i.e., 42% of the students, reported a completely neutral stance towards this aspect. The number of students responding strongly negatively (−3) was six, i.e., 14%. This was exactly the same number of students who responded strongly positively (+3). Therefore, for each student for whom there was a reported negative effect on the amount of study time, there tended to be also another student for whom there was a positive effect.



For the reported level of stress due to COVID-19 (SQ-5.2), there was a slightly more pronounced effect (Figure 14). The mean was  μ  = 0.60 (with a standard deviation of  σ  = 2.02), i.e., the students in the course reported on average a slightly increased level of stress. However, it must be noted that this mean was strongly influenced by 12 students, i.e., 28%, who strongly agreed (+3) with SQ-5.2. A slightly larger group of 13 students, i.e., 30%, had a neutral stance. A surprising number of six students, i.e., 14%, even strongly disagreed (−3) with respect to being stressed due to COVID-19.



Compared to the first international studies with respect to the effects of the COVID-19 pandemic [5], the surveyed students in this course seemed to have been affected comparably little in terms of study time and stress. This is possibly the case as there was in general a relatively smooth continuation of education activities at Jacobs University. Furthermore, the students largely could stay in their familiar environment with their friends on campus—though under the constraints of the German COVID-19 measures including a lock-down in March 2020.





6. Conclusions


Observations from an undergraduate Robotics course are presented, which was offered online at Jacobs University Bremen, Germany, in the spring 2020 semester during the COVID-19 pandemic. Students achieved a better grade performance compared to previous years, and there were indicators for high approval rates for the way the course was taught. Based on different indicators and a discussion of the educational literature, hypotheses were presented why this was the case.



Specifically, there was evidence for the following hypotheses, which can be of interest for online education in robotics and related disciplines in general:




	
Asynchronous online teaching can provide benefits over synchronous online teaching.




	(a)

	
Students appreciate the flexibility that asynchronous teaching material provides. This includes aspects with respect to both the timing, as well as the location of study (Section 4: SES1.1 and SES1.4; Section 5.4: Q-3).




	(b)

	
Keeping focused in online meetings was reported by students to be the main detrimental factor in online education (Section 4: SES2.4), which is accordingly a challenge for synchronous online teaching.




	(c)

	
Videos were an increasingly important, if not the most important form of study material for generation-Z (Section 5.3: Q2); material that is specifically produced for online studies can hence have a high impact—especially in comparison to just a recording of a synchronous stream.









	
Social interaction is an important factor, but it can happen in self-organized, smaller peer-groups




	(a)

	
The lack of social interactions with other students, as well as with the instructor scored high among the detrimental factors in online education (Section 4: SES2.9 and SES2.10).




	(b)

	
There is a tendency for generation-Z to prefer small peer groups, which may reflect a reduced usage up to an avoidance of online forums and online sessions with the whole class if they are not essential for the studies (Section 5.3.2: SQ-2.6)




	(c)

	
Social interactions among the students can emerge in self-organized study groups, likely using a substantial amount of social media, without the intervention of the instructor (Section 5.3.2: SQ-2.5)




	(d)

	
Simple reminder emails can already have a positive effect; though there is the risk of just spamming students (Section 5.5: Q-4).














Of course, one has to be cautious with respect to the universal validity of these hypotheses, which must be further validated in future work or as contributions to meta-studies. However, in combination with the extensive references to the literature, it is expected that the article can be useful for instructors of robotics courses when considering online teaching in the future beyond the COVID-19 pandemic. This also holds for just using elements of online teaching in combination with face-to-face teaching, i.e., for blended learning [48,49], e.g., by combining asynchronous online material with in-class sessions.
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Figure 1. ANOVA box-plot statistics of grades by year for the Robotics lectures. There is a strong shift toward higher grades in the year with online teaching (2020) compared to the years with face-to-face teaching (2017–2019). 
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Figure 2. Histogram of the frequencies of exam grades by year for the Robotics lectures. Frequencies for each year are shown relative to the total number of students for that year. 
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Figure 3. Distribution of responses to the statement “Online teaching was equally effective as in-person teaching” by CS and RIS students in the Jacobs SES. 
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Figure 4. Distribution of responses to the statement “In the future, I would like to have (some) courses in an online format” by CS and RIS students in the Jacobs SES. 
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Figure 5. Most students of Jacobs University stayed on campus during the COVID-19 pandemic. This is also reflected in the self-reports on whether they spent time in a different time zone during the semester. 
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Figure 6. The multiple choice grid for Q-1.1 as an example for the way the questions related to different forms of instruction were polled. The grids for Q-1.2 and Q-1.3 are formed accordingly; the only difference is the core statement on top of the multiple choice grid. 
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Figure 7. The asynchronous online course received high approval rates with respect to its suitability for aspects SQ-1.1 to SQ-1.4 (knowledge acquisition, comprehension, application to homework, exam preparation) in comparison to all three other possible forms of instruction covered in Q-1.1 to Q-1.3 (presence in class, synchronous with only stream, synchronous with recording). 
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Figure 8. Histograms of the normalized usages of the different forms of study material as a stacked plot (top) and as a bar plot (bottom). 
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Figure 9. Histograms of the number of students with respect to their use of the videos versus PDFs covering the lectures, respectively homework solutions. 
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Figure 10. Histogram of the time brackets related to studying in a group, respectively in contact with other students (SQ-2.5). 
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Figure 11. Distribution of the amount of study time using external material from the web (Wikipedia, YouTube, etc.). 
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Figure 12. The distribution of reported Time Brackets (TB-3.1–TB-3.9) for the question Q-3 regarding the time schedule of studies. It can be noted that a substantial number of students studied the material for a substantial amount of time without a fixed schedule. 
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Figure 13. The distribution of the students’ perception of reminder emails. 
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Figure 14. The students’ perception of the impact of COVID-19 with respect to study time and stress. 
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Table 1. Distribution of the majors of the 58 students in the spring 2020 course. RIS, Robotics and Intelligent Systems; CS, Computer Science; ECE, Electrical and Computer Engineering.
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	RIS
	CS
	ECE
	Math
	Physics
	Total





	#students
	21
	31
	3
	2
	1
	58
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Table 2. The number of slides and the duration (minutes) of the videos of the asynchronous online lecture part of the Spring 2020 robotics course at Jacobs University.
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	Lecture Part
	# of Slides
	Video (min)





	P1 Introduction
	27
	41



	P2 Spatial Transforms
	70
	96



	P3 Kinematics
	15
	22



	P4 Actuators
	45
	86



	P5 Inverse Kinematics
	64
	68



	P6 Locomotion
	47
	58



	P7 Localization
	63
	91



	P8 Probabilistic Localization
	56
	92



	P9 Mapping
	60
	91
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Table 3. The number of slides and the duration (minutes) of the videos for the asynchronous online explanations and solutions of the homework exercises of the Spring 2020 robotics course at Jacobs University.
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	Solution
	# of Slides
	Video (min)





	HW-1
	39
	54



	HW-2
	36
	36



	HW-3
	16
	20



	HW-4
	9
	15



	HW-5
	42
	61



	HW-6
	16
	24



	HW-7
	18
	20



	HW-8
	17
	23



	HW-9
	4
	16
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Table 4. The responses to the questions Student Experience Survey (SES)-1 and SES-2 among RIS, CS, and all Jacobs students in the SESs.
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SES-1: Which elements of online teaching were beneficial for your learning success?






	

	
Jacobs

	
CS

	
RIS




	
1: More flexible schedule

	
57.9%

	
52.1%

	
58.8%




	
2: Promotion of self-discipline and responsibility

	
35.6%

	
35.2%

	
47.1%




	
3: Distraction free learning environment

	
18.2%

	
26.8%

	
29.4%




	
4: No need to move physically to classrooms

	
48.2%

	
54.9%

	
52.9%




	
5: Better teacher-student communication via online platforms

	
14.8%

	
8.5%

	
5.9%




	
6: Better student-student communication via online platforms

	
9.5%

	
8.5%

	
11.8%




	
7: Better structured courses

	
9.2%

	
12.7%

	
11.8%




	
8: Better structured/available learning materials

	
19.1%

	
18.3%

	
17.6%




	
9: None of these were beneficial

	
13.6%

	
12.7%

	
11.8%




	
SES-2: Which elements of online teaching were detrimental for your learning success?




	

	
Jacobs

	
CS

	
RIS




	
1: Stronger need to self-organize

	
36.5%

	
45.1%

	
41.2%




	
2: Lack of routine hampers productivity

	
42.1%

	
40.8%

	
41.2%




	
3: Distracting (private) learning environment

	
39.9%

	
35.2%

	
47.1%




	
4: Difficult to keep focused in online meetings

	
54.3%

	
50.7%

	
58.8%




	
5: Worse teacher-student communication via online platforms

	
36.3%

	
45.1%

	
58.8%




	
6: Worse student-student communication via online platforms

	
25.9%

	
28.2%

	
17.6%




	
7: Worse structured courses

	
26.90%

	
36.6%

	
11.8%




	
8: Worse structured/available learning materials

	
17.0%

	
25.4%

	
5.9%




	
9: Lack of direct social interaction with other students

	
47.90%

	
39.4%

	
52.9%




	
10: Lack of direct social interaction with instructors

	
49.60%

	
40.8%

	
35.3%




	
11: None of these were detrimental

	
7.0%

	
8.5%

	
0.0%
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Table 5. Mean ( μ ) and standard deviation ( σ ) of the responses on the Likert scale related to the different forms of instruction, i.e., for the statement combinations Q-1.X with Sub-statement SQ-1.Y.
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SQ-1.1

	
SQ-1.2

	
SQ-1.3

	
SQ-1.4




	

	
Knowledge Acquisition

	
Comprehension

	
HW-Application

	
Exam Preparation






	
Q-1.1 (presence)   

	
2.07 ( σ  = 1.129)

	
2.05 ( σ  = 1.099)

	
2.12 ( σ  = 1.145)

	
2.26 ( σ  = 1.102)




	
Q-1.2 (stream)

	
2.37 ( σ  = 0.916)

	
2.37 ( σ  = 0.890)

	
2.44 ( σ  = 0.948)

	
2.40 ( σ  = 0.992)




	
Q-1.3 (recorded)

	
1.98 ( σ  = 1.131)

	
1.95 ( σ  = 1.099)

	
2.09 ( σ  = 1.235)

	
1.95 ( σ  = 1.430)
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Table 6. Mean ( μ ) and standard deviation ( σ ) for the normalized time spent on the different forms of study material.






Table 6. Mean ( μ ) and standard deviation ( σ ) for the normalized time spent on the different forms of study material.










	
	Mean (  μ  )
	Std dev (  σ  )





	SQ-2.1: lecture slides
	18.13%
	0.085



	SQ-2.2: lecture videos
	23.16%
	0.075



	SQ-2.3: homework slides
	21.05%
	0.130



	SQ-2.4: homework videos
	27.32%
	0.116



	SQ-2.5: study group
	7.18%
	0.072



	SQ-2.6: course forum
	0.03%
	0.002



	SQ-2.7: textbook(s)
	0.14%
	0.007



	SQ-2.8: WWW
	2.97%
	0.035
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Table 7. Percentages of students with respect to their use of the videos versus PDFs covering the lectures, respectively homework solutions.






Table 7. Percentages of students with respect to their use of the videos versus PDFs covering the lectures, respectively homework solutions.











	
	More Video
	Same Usage
	More PDF





	lecture
	35%
	53%
	12%



	homework
	33%
	53%
	14%
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