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To depict the situation during the school closures in spring 2020 that were implemented to contain the spread of COVID-19, we conducted a self-constructed online survey on distance teaching among teachers regarding their teaching practices in this new situation, the challenges they experienced, and the prerequisites for successful distance teaching. The sample consisted of voluntarily participating German elementary (n = 857) and secondary school teachers (n = 1,590) from a sample of randomly drawn schools in four federal states in Germany. We describe the main survey findings and examine the importance of different distance teaching aspects for teacher reports of students attaining their learning objectives and students’ learning progress during distance teaching. Our results particularly highlight the necessity for students and teachers to remain in contact in all the surveyed school types. In elementary school, regular contact between teachers and parents is similarly important. The key challenges highlighted inadequate digitalization, the participation of all students, and students’ motivation. Correspondingly, adequate technical equipment for schools, teachers, and students, together with teachers’ and students’ competence to use technical devices and digital media as well as students’ motivation to participate in distance learning were found to be necessary prerequisites for successful distance teaching. We conclude that efforts should be devoted to enabling teachers and students to better communicate using digital devices, for example, expanding the digital infrastructure in combination with training teachers and students in the use of technical devices and digital media.
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INTRODUCTION
Containing the spread of SARS-CoV-2 was one of the main aims worldwide in 2020 and is still an issue in 2021. Until vaccines are widely available to slow its spread, social distancing strategies are the main requirement for preventing overwhelmed health systems. Therefore, a wide variety of SARS-CoV-2-control policies, for example, restrictions on gatherings, workplace closures, national and international travel controls, testing, and contact tracing, were implemented. Since educational institutions host large numbers of students in enclosed spaces and could therefore potentially produce infection clusters, one additional main policy component was the closing of all educational institutions. More than 1.2 billion students had to deal with the closure of elementary schools, secondary schools, or higher education institutions (United Nations Sustainable Development Group, 2020). In total, 80 percent of children and young people worldwide were forced into being educated at home (Van Lancker and Parolin, 2020), millions of teachers suddenly faced the challenge of having to reorganize their lessons, and both teachers and students had to adjust to distance teaching1. In the sense of responsible science and to add empirical evidence to the research scope on distance teaching during the pandemic (see Helm et al., 2021, for a systematic overview of the state of quantitative research on teaching and learning characteristics during school closures due to the coronavirus), our aim was to describe the impact of the necessary school closures on education in Germany from the teachers’ perspective. Furthermore, we examined the importance of different teaching practices on students attaining their learning objectives and students’ learning progress during distance teaching. Our research findings, together with results from surveys on, for example, school administrators, students, and/or their parents, might be especially beneficial for developing pedagogical plans to better cope with comparable situations in the future.
Pandemic Policy on Education in Germany
The educational system in Germany is decentralized, with the authorities in the federal states being responsible for education quality. In order to contain the spread of SARS-CoV-2 in Germany, in the year 2020 all federal state governments closed educational institutions in mid-March (for a detailed chronology, see Fickermann and Edelstein, 2020) affecting around 9.1 million first to thirteenth graders, 2.6 million students in vocational training schools, and their approximately 830,000 teachers (Statistisches Bundesamt, 2020). The Ministries of Education or senate administrations of the German federal states issued an order for students to continue learning and to receive support while doing so. Therefore, distance teaching was implemented as an alternative to classroom teaching to allow for flexible learning arrangements depending on local infection rates (i.e., full distance teaching in the case of school closures or a combination of learning at school and at home) and flexible learning in terms of time (i.e., independent of educational institution cycles). Legally, distance teaching is defined as the transfer of knowledge and skills where teachers and students are spatially separated from one another and where teachers still monitor the learning success of students (Gesetz zum Schutz der Teilnehmer am Fernunterricht, 2020, §1). In contrast to home schooling (which is prohibited under German law), work assignments are determined by designated teachers in accordance with school curricula, rather than by the parents (Tenorth, 2014). Depending on different governmental decisions in the German federal states, schools either fully opened in May 2020, re-opened only for graduating classes, or implemented a combination of learning at school and at home.
Impact of School Closures on Teaching in Elementary and Secondary Schools
Schools are considered institutions of learning and living. Students are expected to acquire specific learning content and competencies and take part in the social life of a school. Lessons as interactive spaces in which subject-specific and more general content can be taught and explored are at the core of schooling. During the SARS-CoV-2 pandemic, the goal of politics was to continue lessons and thus fulfill the school curricula. Teachers (and students) had to switch from classroom learning to distance learning within a few days, facing many challenges concerning technical equipment, pedagogical changes, governmental guidelines, and students’ individual needs. However, no specific instructions in terms of teaching structure were provided, for example, which school subjects should be taught, to what extent teachers should provide learning opportunities, and which forms of support students and their parents should receive. As a consequence, the success of distance teaching mainly depended on how well teachers and students were equipped, prepared, and engaged in distance teaching.
Since then, many scientists have engaged themselves in research on distance teaching in Germany (for an overview see, e.g., Fickermann and Edelstein, 2020) as well as in other countries around the world (e.g., Assunção Flores and Gago, 2020; Ewing and Cooper, 2021; Khlaif et al., 2021). In this study, our aim is to contribute to the empirical evidence on the impact of school closures on education in Germany from the teachers’ perspective for both elementary and secondary school education. In this context, we focused on aspects that can be associated with good teaching and the successful development of students’ knowledge and skills to answer the following four questions: 1) Did teachers stay in contact with most of their students? 2) Which aspects did teachers focus on during lessons? 3) How did teachers organize their classes against the background of inadequate digitalization? 4) How did teachers factor in achievement differences between students? The significance of each of these questions is outlined in more detail below.
Contact Between Teachers and Students
One fundamental prerequisite for education during school closures is ensuring regular contact between teachers and their students (if necessary, mediated by students’ parents) for providing learning opportunities, distributing learning material and work assignments, giving feedback, and providing a platform for exchanging experiences, emotions, or even fears relating to distance learning. Only when students take advantage of this offer to learn, can distance teaching lead to learning progress. Here, the percentage of students that teachers had contact with might indicate how many students were involved in lessons or became increasingly isolated–providing teachers actually offered interaction opportunities. Because elementary school students might be more dependent on parental support during distance teaching, the percentage of teachers having frequent contact with their students might be lower in elementary compared to secondary schools. Conversely, it can be assumed that more elementary school teachers communicated directly with their students’ parents.
Aspects Teachers Focused on During Lessons
In school, teachers are required to provide learning opportunities for students to engage with learning content and develop corresponding competencies. As shown in many studies, opportunities to learn are an important determinant of differences in scholastic achievement (Scheerens, 2017). With regard to distance teaching, Klieme (2020) recommended offering opportunities for learning along the curriculum with tasks varying in difficulty. In terms of quality of instruction, demanding content should not be excluded to avoid specific content being arbitrarily neglected in an uncontrolled manner. In contrast, repeating already learned content and postponing the introduction of new content might be problematic because the rehearsal of previously learned content could be associated with lower aspiration levels and underload, which is related to boredom (e.g., Acee et al., 2010), and, consequently, lower scholastic achievement (Hattie, 2020). Furthermore, Klieme (2020) encouraged teachers to assess the learning progress of their students via curriculum-based diagnostic tests to identify content areas that need further instruction as well as identify students with learning deficits. For this, diagnostic tests would allow for rapid, smooth, and more adaptive teaching. Gaps in knowledge and understanding would otherwise only be discovered coincidentally during lessons, with subsequent time-consuming explanations that interrupt the planned structure of lessons and exclude some students. Overall, teaching new content together with periodic diagnostic tests are desirable aspects that teachers should implement during distance teaching.
Organization of Classes Against the Background of Inadequate Digitalization
With schools being closed and distance teaching implemented, “online learning opportunities have been elevated from a bonus extracurricular facility to a critical lifeline for education” (Organisation for Economic Co-operation and Development [OECD], 2020, p. 1). National and international studies indicate that German schools and teachers were not well prepared for distance teaching using technical devices and digital media. Serious deficits were reported for equipment in schools with Germany being well below the OECD average with regard to the availability of IT equipment, Wi-Fi, learning management systems and internet-based applications for collaborative working, and the supply of teachers with individual technical devices. Consequently, only around 60 percent of secondary school teachers in Germany reported using digital media in school for school-related purposes at least once a week, with around 23 percent using digital media daily (ICILS study; Eickelmann et al., 2019). In elementary school, digital media were used to an even more limited extent than secondary school (Schmid et al., 2017) and the use of digital media in this case depended largely on the commitment (e.g., personal interests, competencies) of teachers and principals (Thom et al., 2017). These findings indicate that a stronger use of digital media for learning during school closures might be a new experience for many German students.
Against the background of the unsatisfactory state of digitalization in German education, it is of particular interest to examine how teachers organized their lessons during school closures. It can be assumed that teachers mainly used presentation modes and distribution methods having low technical requirements, for example, relying on exercises in text books or sending working sheets/feedback to students via e-mail–especially in elementary school where students were even less familiar with technical devices and digital media compared to secondary school students. Besides asking “how,” it is also important to examine “how often” teachers used the different presentation modes, sent out work assignments and teaching materials, or gave feedback to their students. As research indicates, giving short work assignments on a regular basis is more effective than giving extensive assignments (Schnyder et al., 2006) and allows for the adaptation of subsequent learning material and work assignments. Furthermore, prompt and regular feedback on these assignments is essential for successful learning (McLaughlin and Yan, 2017) and appears to increase motivation in students (Trautwein et al., 2001; Khlaif et al., 2021).
Handling Achievement Differences Between Students
Because students vary, for example, in their social and cultural backgrounds, learning pace, or scholastic achievements, teachers should give differentiated instructions assuming that “students learn best when their teachers effectively address variance in students’ readiness levels, interests, and learning profile preferences” (Tomlinson, 2005, p. 263). During the pandemic, concerns about students’ learning progress were widespread among educational management, policy makers, and educational scientists. More specifically, higher learning lags were assumed for students from socially deprived families, students with immigration backgrounds, and students with special needs (e.g., Di Pietro et al., 2020; Hurrelmann and Dohmen, 2020; Leopoldina, 2020; Van Ackeren et al., 2020). For example, students from socially deprived families typically have less available socio-cultural capital and therefore fewer resources that might help them learn at home (e.g., technical devices; Andrew et al., 2020) than students from families with higher incomes. Students with immigration backgrounds (associated with a lower socio-economic status) might additionally have problems understanding the language of instruction (Kempert et al., 2016) and necessary language tuition or additional teacher support might have been dropped. Furthermore, for students from both groups, it is likely that their parents struggle more to help their children learn at home and be an additional audience for feedback. It can be expected that teachers identified these groups of students as being disadvantaged by distance teaching.
To maximize individual learning success, instruction should be individually adjusted depending on the achievement level of the student. For example, Thakur (2014) recommends differentiation by individually adjusting learning content (tasks should be appropriate to students’ individual experience or knowledge level and students should use different resources in accordance with their learning style), processes (varying the presentation mode of instructions), and products (showing gained knowledge through individualized outcomes/products). In conjunction with perceived stress (e.g., Huber et al., 2020; Klapproth et al., 2020) and/or less knowledge when dealing with technical devices and digital media, teachers might have less time and/or lack the necessary competencies to factor in achievement differences between students during distance teaching. Additionally, it might be more difficult to assess learning during distance teaching (less interactions with students, less diagnostic tests) and therefore to adapt learning material and work assignments. However, since teachers typically know their students and their strengths and weaknesses well, it can be assumed that many teachers used differentiated instructions independent of the examined school type.
Challenges of Distance Teaching and Prerequisites for Successful Distance Teaching
In addition to exploring the teaching structure, teacher-reported challenges and prerequisites for successful distance teaching might provide further indications of aspects that should be targeted first due to their particular importance to distance teaching. Consistent with the unsatisfactory state of digitalization in German education described in the ICILS study (Eickelmann et al., 2019), empirical evidence regarding competencies in using technical devices and digital media appears to reinforce concerns about the lack of preparation of teachers and students for distance teaching: According to principals, only half their teachers had the necessary technical and pedagogical skills to integrate technical devices and digital media into instruction. Simultaneously, around only 40 percent of principals reported that effective professional resources for teachers to learn how to use digital devices were available to their staff (Organisation for Economic Co-operation and Development, 2020). On the other hand, nearly all German secondary school teachers reported confidence in finding useful teaching material on the Internet and 80 percent were also confident in preparing lessons for students using digital media. However, only one third of the teachers used learning management systems. In terms of students, around 91 percent of 15-year-old students reported having a computer for working at home and nearly all students (99 percent) reported having access to the Internet (Behrends et al., 2018; Organisation for Economic Co-operation and Development, 2020). In an international comparison of these statistics, Germany is in the leading group of OECD member countries. Nevertheless, it is conceivable that these requirements are inadequate because families with several school-aged children and/or parents working from home could rapidly reach their capacity limit of device availability. Relating to this, only 43 percent of German 12-year-olds and 52 percent of 14-year-olds report having a computer or tablet for their own use. For students in socially deprived families, the corresponding percentages are even lower (Geis-Thöne, 2020). This defies the constitutional right of all students for equal access to high-quality education. However, computer- and information-related competencies of German eighth graders were above the international average in 2018 and Germany was ranked in the middle section for this field in an international comparison. Associated with this, around one third of eighth grade students only have rudimentary or basic computer- and information-related competencies and another quarter of the students are able to use digital media autonomously and critically. Based on these data, it is conceivable that teachers list mainly the same aspects focusing on inadequate digitalization as the researchers and politicians–particularly in elementary schools where teachers and students are less familiar with technical devices and digital media. Thus, prerequisites for successful distance teaching should consequently focus on aspects of digitalization.
Students’ Attainment of Learning Objectives and Learning Progress
Beyond describing the impact of school closures on education in Germany from the teachers’ perspective, our aim was to examine the importance of different teaching practices for the students’ attainment of learning objectives as well as their learning progress during distance teaching. The initial results of empirical studies indicate that students were less engaged in school-related activities in general and learning activities in particular during the first German school closures in spring 2020 (e.g., Grewenig et al., 2020; Wößmann et al., 2020), they were less motivated to learn, and had different and possibly fewer interactions with their teachers (e.g., Di Pietro et al., 2020). Correspondingly, school closures had detrimental effects on learning gains and social disparities during the first wave of the pandemic in Germany (Depping et al., 2021; Schult et al., 2021) and other countries (e.g., Maldonado and De Witte, 2020; Engzell et al., 2021). Which aspects should educational management, policy makers, and others involved in education focus on to ensure that as many students as possible achieve their targeted learning goals and therefore show learning gains? Contact with students and/or parents as well as access to technical devices for both teachers and students are undoubtably fundamental prerequisites for distance teaching. However, new devices might be of less value if teachers and/or students do not know how to use them adequately. In addition, research by Hattie (2020) on 1,400 meta-analyses indicates the substantial impact of, for example, feedback (d = 0.73) on students’ academic achievement. The reported relationships and effect sizes can only be applied to traditional classroom teaching. For distance teaching, we do not know of any comparable ranking sequences. Yet these analyses can help highlight important aspects related to successful distance teaching and, therefore, enrich the professional discourse and political debate on future interventions.
The Current Study
In order to inform policy and practice as well as initiate further research on the impact of school closures on education in Germany, we conducted an online survey on distance teaching among nearly 2,500 teachers. Our aim is to present data describing teaching practices during the first wave of school closures in spring 2020 and summarize the teacher-reported challenges of distance teaching as well as prerequisites for successful distance teaching. Moreover, we examined the importance of different teaching practices for students’ attainment of learning objectives and learning progress during distance teaching using data mining supervised machine learning, which is a state-of-the-art method in exploratory data analysis. To gain further insights into potentially differing teaching practices depending on students’ age, analyses were conducted separately for elementary and secondary school students and subsequently compared. We then related our findings to corresponding results from other surveys in the discussion.
MATERIALS AND METHODS
Sample and Procedure
Responses were collected from an online survey conducted in June and July 2020 (i.e., at the end of the school year) from teachers in different states in Germany. The original sample comprised answers from elementary school teachers in 15 of the 16 German federal states and responses from secondary school teachers in four states. To ensure the comparability of the results between elementary and secondary schools, we only analyzed data from the four federal states where teachers from both levels of education had participated (for comprehensive descriptive results for elementary schools, see Schneider et al., 2020).
Depending on the state, either all public schools of the state were invited to participate in the survey or only a representative sample that was randomly drawn from a complete list of all schools in the respective state provided by school authorities. Headmasters of the invited schools were asked to distribute the hyperlink for the survey among all teachers currently working as form teachers at the school. The open source software LimeSurvey2 was used to administer the survey. At the beginning of the questionnaire, form teachers were asked to respond to the questions on distance learning with regard to their class; other (i.e., non-form) teachers were also accepted as participants and required to choose a class for which they would answer the questions. All teachers were instructed to consider the last 4 weeks of mere distance learning.
Participation was voluntary and anonymous. Complete questionnaires were submitted by n = 857 elementary school teachers (gender: 88 percent female, 9 percent male, 3 percent diverse or unspecified; age: M(SD) = 44.21 (9.61) years) and n = 1,590 secondary school teachers (gender: 66 percent female, 31 percent male, 2 percent diverse or unspecified; age: M(SD) = 45.01 (10.13) years; school type: 42 percent academic track, 58 percent non-academic track) and these were included in the following analyses. Participation quotas are not available as participants cannot be linked to schools based on the survey data; however, the gender and age distribution in our teacher sample are similar to the respective population statistics reported in large-scale educational monitoring studies (e.g., Rjosk et al., 2017).
Instrument
The survey consisted of 28 questions, including nine questions concerning the teachers’ personal information (e.g., gender, age) and their students/school (e.g., grade level, school type) and 19 questions about distance teaching that were assigned to three general topics: 1) teaching practices, 2) teachers’ evaluation of different distance teaching aspects and their improvement, and 3) students’ learning progress. The 13 distance teaching-related questions that were used for the analyses in the current paper (Table 1) can be categorized as follows in six (sub-)topics:
1a)Teachers’ contact with students and parents,
1b)teachers’ focus on different aspects during lessons,
1c)the organization of lessons against the background of inadequate digitalization,
1d)how to factor in achievement differences between students as well as the potential disadvantages for certain students due to distance learning,
2)the evaluation of different aspects of distance learning as well as prerequisites for successful distance teaching, and
3)the teacher-estimated learning progress of students.
TABLE 1 | Questionnaire content summary.
[image: Table 1]Due to the unique and novel situation of distance teaching during school closures, we did not use existing questionnaires, but devised the questions specifically for the current study to cover our research questions. Only few results from other studies on distance teaching during the pandemic in Germany were available at the time and were considered during questionnaire development (e.g., forsa, 2020a).
Analyses
Analyses were conducted separately for elementary and secondary school using SPSS and R. For questions with closed response formats, frequencies or percentages were reported. Where appropriate, multiple answers were allowed for these questions. To evaluate the open question with more extensive answers, a categorical system built on the main motives of each response was created: First, a subsample of 300 teachers who answered the question (multiple answers per teacher were possible) was randomly selected. Subsequently, each answer was summarized in accordance with the qualitative content analysis according to Mayring (2015), paraphrasing answers until evaluable and comprehensible main categories were available. Second, trained raters assigned the subsample answers to the main categories independent of each other. If the interrater reliability was unsatisfactory (Cohen’s kappa κ < 0.60; Landis and Koch, 1977), the definition of the respective category was revised, adjusted, reassigned, and rechecked. If the interrater reliability was at least satisfactory (final κ was .83), the resulting category system was applied to the remaining answers.
In order to explore which variables were most important for the teacher-reported attainment of learning objectives and the prediction of learning progress by students perceived by teachers, we used random forests (Breiman, 2001), a well-established data mining supervised machine learning method (e.g., Strobl et al., 2009). Prior to this, we analyzed the correlational structure of the data. Because our data were ordinally scaled we grew random forests consisting of ordinal regression trees (Janitza et al., 2016) using the R package party (Hothorn et al., 2021). We ran separate analyses for two different dependent variables (teacher-reported achievement of overall learning objectives and teacher-reported learning progress in comparison to classroom learning) and three subsets of our data that were split according to school type (elementary school, academic track in secondary school, and non-academic track in secondary school) resulting in six random forests. In every subset for both dependent variables we added the same set of self-reported measures as predictors. Each of our random forests consisted of 5,000 ordinal regression trees; robustness checks showed that this was sufficient as further increasing the number of trees yielded the same results. We computed four different variable importance measures (VIM) for each variable in each subset. As recommended by Janitza et al. (2016), our final variable ranking relied on the ranked probability score (RPS) VIM, but in general the ranking of variables was very similar among all VIMs considered. For the construction of the trees, 63.2 percent of the data were sampled without replacement and used as a training set as suggested by Boulesteix et al. (2012). Furthermore, we set the number of input variables sampled as candidates at each node to five.
RESULTS
Impact of School Closures on Teaching in German Elementary and Secondary Schools
The statistics describing the implementation of distance teaching in elementary and secondary schools in Germany following the sequence of aspects outlined in the introduction are reported below.
Figure 1 shows the results for how successfully teachers stayed in contact with their students and parents during distance teaching (topic 1a). A large majority of teachers in both elementary and secondary school had regular contact with most or all of the students in their class. However, there was also a non-negligible proportion of teachers in both school types reporting only regular contact with half or even fewer of their students. Regular contact with parents was much more frequent for elementary schools than for parents of older students.
[image: Figure 1]FIGURE 1 | Percentage of teachers giving the indicated responses to the question “How many students and parents, respectively, did you stay in touch with on a regular basis during school closures?” (A) contact with students: elementary school. (B) contact with students: secondary school. (C) contact with parents: elementary school. (D) contact with parents: secondary school.
Another important aspect of distance teaching is how work assignments are designed and communicated (topic 1b). Figure 2 shows how the content of learning materials used during distance teaching differed in comparison to assignments in regular classroom learning. The results are similar for elementary and secondary schools. Most notably, assignments in distance teaching focused much more often on repetition and practicing already learned content, whereas the introduction of new topics and content was often postponed. For both school types, many teachers reported having rarely or not at all assessed the learning progress of the students.
[image: Figure 2]FIGURE 2 | Focus of work assignments and learning materials during distance teaching in comparison to regular classroom teaching.
Next, we examined teachers’ organization of lessons against the background of inadequate digitalization (topic 1c). Figures 3, 4 illustrate how teachers presented learning content to students and which communication channels they used to distribute learning materials and work assignments. In both cases, the percentages shown reflect the proportion of teachers in elementary and secondary schools, respectively, using a presentation mode or means of communication on a regular basis (i.e., at least once a week). The results show that teachers most often used presentation modes and ways to deliver assignments that had low-level technical requirements, such as assignments in textbooks or on worksheets sent via e-mail or kept at school for pickup. However, many teachers also regularly used online platforms and apps for distributing assignments (especially in secondary school); about one quarter to 38 percent had video or audio conferences with their students. At secondary schools, the use of technically more advanced ways of communication, such as video or audio conferences, was slightly more frequent than in elementary schools. Results were very similar for mathematics (not shown) and German.
[image: Figure 3]FIGURE 3 | Percentage of teachers using the indicated presentation modes for learning content at least once a week (subject German).
[image: Figure 4]FIGURE 4 | Percentage of teachers using the indicated communication channels to distribute work assignments and learning material at least once a week.
Another important aspect of distance teaching is how often and in which ways students receive feedback from teachers (e.g., concerning the correctness of completed learning assignments). At elementary schools, nearly all teachers (98 percent) gave students feedback at least once a week. Results were similar for teachers at secondary schools (97 percent). For both school types, e-mail was the most important means of communication for feedback (Figure 5). At elementary schools, teachers also often used the telephone or offered a pick-up at school. Feedback on a regular basis (i.e., at least once a week) via online platforms was provided by one third of elementary school teachers. However, the regular use of online platforms for feedback was much more frequent at secondary schools.
[image: Figure 5]FIGURE 5 | Percentage of teachers giving feedback to their students via different communication channels at least once a week.
With regard to the handling of achievement differences between students (topic 1d), our survey showed that more than 85 percent of teachers at elementary and secondary schools considered students from families facing difficult social circumstances as well as students who rarely speak German at home to be especially disadvantaged by distance teaching. The question of how far teachers adapted their teaching for students with different educational needs during school closures was handled quite heterogeneously in both school types (Figure 6). For instance, whereas about 40 percent of secondary school teachers frequently used specific work assignments for low-performing students, this was done only rarely by about one third and not at all by one quarter of secondary school teachers.
[image: Figure 6]FIGURE 6 | Percentages of teachers handling achievement differences between students in the indicated ways and frequencies.
Challenges of Distance Teaching and Prerequisites for Successful Distance Teaching
One focus of the survey was to ask teachers to evaluate different aspects of distance teaching to identify challenges that needed to be addressed to improve learning at home during school closures in the future (topic 2, Figure 7). The results were similar for elementary and secondary schools: A large percentage of teachers indicated that the distribution of work assignments worked rather well or very well and were satisfied with the support they received from colleagues and school principals. Staying in contact with students was also deemed manageable by most teachers. On the other hand, technical issues and ensuring the equal participation of all students without “losing” anyone were identified as the biggest challenges.
[image: Figure 7]FIGURE 7 | Evaluation of different aspects of distance teaching.
We complemented the closed-format items in Figure 7 with an open question asking teachers to name the most important “preconditions for successful distance learning.” Categorization of the responses (see method section for details) revealed that the two most frequently mentioned requirements were referred to by elementary and secondary school teachers alike (Table 2). These requirements referred to technical equipment (mentioned by 77 percent of elementary school teachers and 75 percent of secondary school teachers), e.g., tablets or laptops for students and teachers, and IT infrastructure (60 percent and 61 percent, respectively), e.g., stable internet connections or infrastructure maintenance.
TABLE 2 | Frequencies for the categorized responses with regard to the open question asking elementary school (ES) and secondary school (SS) teachers to name the most important preconditions for successful distance learning. The table is sorted in descending order according to ES.
[image: Table 2]Students’ Attainment of Learning Objectives and Learning Progress
Concerning the teacher-reported learning progress of students (topic 3), slightly more than half of the elementary school teachers and only about one third of the secondary school teachers stated that the majority of their students achieved the same learning progress that would have been expected in regular lessons at school (Figure 8). Similarly, about one quarter of elementary school teachers and almost 40 percent of secondary school teachers believed that their classes more or less failed in meeting the overall educational objectives during the weeks of distance teaching (Figure 7).
[image: Figure 8]FIGURE 8 | Percentages of teachers giving the indicated responses to the question “In your opinion, what percentage of students managed to obtain at least the same learning progress during distance teaching that could have been expected during classroom teaching?” (A) elementary school. (B) secondary school.
Based on six random forest analyses consisting of 5,000 ordinal regression trees each, we derived the relative importance of our predictor variables for explaining these two outcome variables as described in the method section. Of all predictor variables that were included in the analyses, the first seven predictors for each school type and for each dependent variable are displayed in Figure 9. We excluded all variables from further exploration and discussion that were negative, zero, or positive, but with a value that lay in the same range as the negative values as suggested by Strobl et al. (2009). These variables are bordered in red in Figure 9.
[image: Figure 9]FIGURE 9 | Relative importance of predictor variables for explaining teacher-reported attainment of learning objectives as well as teacher-reported learning progress in comparison to classroom learning. Note. Variables that are bordered in red are not discussed in the text.
For both outcome variables, the most important predictor in elementary school is regular contact between teachers and their students’ parents, whereas teacher contact with students was slightly less important. In contrast, regular contact with parents was much less important in secondary school, and in secondary schools with academic track it was virtually unimportant. However, contact with the students themselves was the most important predictor variable independent of outcome variable and school track in secondary school.
The correlational structure of the remaining important variables is as follows: Especially in primary school, teachers’ gender was associated with the outcome variables in the sense that women tended to report better overall learning goal achievement and better learning progress for students in comparison with regular classroom teaching. Furthermore, in subgroups where the teachers’ age variable was fairly important, older teachers reported better learning progress for their students. The association of students’ age or grade level, respectively, was inverse in primary versus secondary school: In primary school, teachers reported better learning progress for the younger children, whereas in secondary school, teachers reported better learning progress for students in more advanced grades. Among the factors that hindered teachers’ work, lack of access to materials (i.e., due to limited access to the school building), lack of an own PC/laptop, and lack of a separate room for work at home were negatively associated with the outcome variables. However, having to care for their own children at home during distance teaching did not seem to be important.
Of the different communication channels assessed, higher frequencies of communication via ordinary mail and deposit and pick-up at school in particular were negatively associated with the outcome variables suggesting that relying on “analog” communication channels tended to fail to contribute to successful distance teaching. In contrast, the more frequent usage of digital communication channels, such as feedback and material distribution via e-mail, feedback via online platforms, or feedback via audio/video conferencing, was positively associated with the outcome variables. In primary school, the association with feedback via e-mail in particular had a relatively high variable importance. Additional factors that were relatively important as predictors for the outcome variables were the adaptation of work assignments depending on the students’ individual performance and additional exercises for high performing students, fixed consultation hours for teachers, and fixed availability times for students.
DISCUSSION
The SARS-CoV-2 pandemic has had an undoubtedly tremendous impact on schools, students, and teachers, with teaching and learning processes being temporarily remotely implemented in spring 2020. In this study, our aim was to describe the impact of school closures due to the SARS-CoV-2 pandemic on elementary and secondary school education in Germany from a teacher’s perspective. Moreover, we conducted an exploratory examination of the importance of different variables including teaching practices for teacher reports of students’ attainment of learning objectives during distance teaching and their learning progress compared to regular classroom teaching. Overall, our results underline the importance of regular contact between teachers and students for the learning progress of students, the demand for faster progress regarding digitalization, and of fostering the corresponding digitalization competencies in teachers and students.
The Most Important Predictor for Successful Distance Teaching: Staying in Contact With Students and Their Parents
In our study, teachers were rather pessimistic about students’ learning gains during the school closures. About one quarter of elementary school teachers and almost 40 percent of secondary school teachers believed that their classes more or less failed to meet the overall educational objectives during the weeks of distance teaching. Furthermore, only slightly more than half of the elementary school teachers and only about one third of secondary school teachers stated that the majority of their students made the same learning progress that would have been expected in regular lessons in school. These results are in line with other surveys conducted with teachers (forsa, 2020a; Schwerzmann and Frenzel, 2020; Steiner et al., 2020). Between one third and two thirds of students’ parents worry about the potential negative consequences for their children’s learning progress (e.g, Huber et al., 2020; Thies and Klein, 2020; Wößmann et al., 2020).
The percentages of teachers who had contact with their students’ parents and their students, respectively, on a regular basis were by far the two most important determinants for teacher-reported attainment of learning objectives and learning progress for elementary school students. For secondary school students, only contact with students had a substantial impact. Fortunately, the majority of elementary and secondary school teachers reported maintaining contact with most or all of their students regularly, with a slightly higher percentage for secondary school teachers. In contrast, and as expected, the majority of elementary school teachers maintained contact with most or all of their students’ parents, but for secondary school teachers, such contact was rare. Compared to the results of studies that were conducted at the beginning of the school closures in March and April 2020 (forsa, 2020a; Porsch and Porsch, 2020), the percentages reported in our survey are higher, indicating the increased involvement of students and their parents in lessons as distance teaching continued. However, around 29 percent of elementary school teachers and one fifth of secondary school teachers held contact with half or less of their students on a regular basis. There is reason to be concerned that many of these students might come from socially deprived families (e.g., since they lacked the necessary technical devices), have insufficient German language skills to follow the instructions, and/or are lower academic achievers, i.e., those students that would actually benefit most from regular contact and teacher support.
Further Important Aspects: Digitalization and Students’ Motivation
On the basis of our results, another key area concerning distance teaching is digitalization, both in elementary and secondary schools. Although aspects relating to digitalization play a less important role for the teacher-reported attainment of learning objectives and for the learning progress of students (apart from the lack of an own computer/laptop for elementary school teachers), they seemed to be a major issue for teachers during school closures. For example, half of the elementary and secondary school teachers reported technical problems on the side of the students, 37/22 percent of elementary/secondary school teachers had problems with overcoming the technical challenges of distance teaching themselves. Correspondingly, a substantial amount of teachers saw need for improvement in technical requirements and the development/improvement of digital competencies. Comparable results and demands were found/formulated in other national and international studies (e.g., forsa, 2020a; forsa, 2020b; Murat and Bonacini, 2020; Wildemann and Hosenfeld, 2020). Altogether, this is regrettable given that technical devices and digital media have the potential to considerably ease distance teaching. For example, video conferences or chats allow for collaborative learning despite social distancing, thus resulting in cognitive as well as metacognitive activation and, subsequently, better learning outcomes (Spörer et al., 2008; Jeong et al., 2019). Furthermore, technical devices and digital media can support teachers in the timely evaluation of students’ learning progress as well as in providing prompt feedback (Van der Kleij et al., 2015; McLaughlin and Yan, 2017), both of which are important for successful learning (McLaughlin and Yan, 2017; Hattie, 2020). Thus, efforts should be intensified to advance digitalization. However, access to technical devices and digital media is no panacea, but rather a precondition for participating in lessons during distance teaching (Ewing and Cooper, 2021).
Motivation to learn is considered to be an important internal learning potential (e.g., according to the utilization of learning opportunities model by Helmke and Schrader, 2013) that is also essential for self-determined work on tasks. According to the evaluation of distance teaching by teachers, special attention needs to be given to student motivation: Around 30 percent of elementary school teachers and 43 percent of secondary school teachers reported that motivating students worked (rather) badly. Correspondingly, around half of the N = 4,230 parents of elementary and secondary school students interviewed by Wildemann and Hosenfeld (2020) reported that their children had low motivation or were not motivated at all. Working on tasks remotely requires high self-regulation skills from students, especially if teachers use analogous learning materials and presentation modes that students need to work on without the teachers’ supervision. In elementary school in particular, students with low self-regulation skills need to rely on their parents’ support. Again, disadvantages for students from socially deprived families, from households where German is rarely spoken, for students with special educational needs, and for low-achieving students are to be expected. Trautwein and Lüdtke (2014) suggest self-regulation training for students that can be held during school breaks or in the afternoon. If not feasible, teachers should at least use tasks or presentation modes that are within the self-regulation limits of their students. For example, video conferences or chats support collaborative learning and thus foster students’ self-regulation skills.
Implications and Limitations
Educational management, policy makers, and others involved in education need to bear in mind local conditions to ensure that as many students as possible achieve their targeted learning goals and show learning gains. An overview of policy measures by various countries is provided by the UNESCO (e.g., Chang and Yano, 2020). Because countries vary in their economic and cultural characteristics, educational systems, and even experiences with distance teaching, single results of our study and corresponding implications can more easily be adopted to countries with comparable characteristics and systems. Nevertheless, the key components of our study for successful distance teaching seem to be generally valid (e.g., Daniel, 2020; Nóvoa and Alvim, 2020; Thomas and Rogers, 2020) and indicate a multitude of tasks for teachers: They need to stay in contact with students (and parents, if they teach in elementary school) to provide learning material (online and/or offline), to monitor students’ learning process and progress as well as to support their students. They are supposed to adopt their lessons and learning materials, and therewith, factor in students’ individual needs. Furthermore, they shall give positive feedback on a regular basis, maintain students’ motivation and avoid frustration. Thus, qualifying teachers accordingly might be one key component to minimize the impact of distance teaching on students’ learning progress.
Another key component, as outlined above, seems to be an increasing digitalization. According to a meta-analysis by Hillmayr et al. (2020), digital media can enhance students’ learning if other instruction methods and digital media are combined and teachers are accordingly qualified. Therefore, increasing digitalization and the corresponding qualification of teachers might not only be helpful in maintaining a high quality of teaching during school closures or cohort teaching, but could also make a positive difference in future classroom teaching (Anger and Plünnecke, 2020). However, an advancing digitalization is linked to countries’ economic and cultural characteristics. For example, and with regard to the latter, families in the Middle East seem to be more concerned about their children, especially daughters, using the microphone, webcams or sharing their screen during distance teaching (Khlaif et al., 2021), which may limit these students’ possibilities to participate in distance teaching via technical devices and digital media. Future research should not only describe potential progress in digitalization and changes in teaching practices resulting from the pandemic, but should also focus on students’ actual achievements, including disparities associated with disadvantaged groups of students, on students’ motivation, as well as on the physical and mental health of teachers, students, and parents. A broad and international database would be desirable for examining what has been done and what worked best in order to further learn from other countries and to develop pedagogical plans to better cope with comparable situations in the future.
Concerning the limitations of our study, it needs to be noted that participation in the survey was voluntary, with the risk of under/overrepresenting certain groups of teachers and therefore not being representative of all German elementary and secondary school teachers. Furthermore, the current data is restricted to elementary school teachers from four German federal states to facilitate the comparison of results between elementary and secondary schools. However, the presented results do not differ substantially from those for the full sample of elementary school teachers from nearly all German federal states (see Schneider et al., 2020). Nevertheless, our study contributes to the ongoing debate about the impact of school closures on education by describing teaching practices during the first wave of school closures in spring 2020 and examining the impact of different variables including teaching practices on students’ attainment of learning objectives and their learning progress during distance teaching.
CONCLUSION
Overall, our study contributes to the (inter)national data base concerning distance teaching during the 2020 school closures due to the SARS-CoV-2 pandemic. As most important for perceived successful distance teaching we could identify staying in touch with students in secondary school and in addition with parents in primary school. Furthermore, our results underline the demand for faster progress regarding digitalization and for fostering the corresponding digitalization competencies in teachers and students. Technical devices and digital media should not only be used for the distribution of learning materials and feedback, but also for motivating students, probably even more for those living in potentially deprived learning environments.
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FOOTNOTES
1In this paper we use the term “distance teaching.” This should be considered equivalent to “distance learning,” “distance education,” “remote teaching,” and “remote learning.”
2https://www.limesurvey.org/
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Category

technical equipment

IT infrastructure
communication

digital competence
parental support
school/educational
software

general regulations.
student-related aspects

of teaching
performance evaluation

Description

availability of devices, e.g., tablets or laptops

IT infrastructure improvement

communication with parents, students and
between school staff

demand for further training in the area of media/
digital literacy

requests for cooperation of parents

specific software required for distance teaching

comments on general reguiations such as
compulsory education and data protection
students’ competencies for successful participation
in distance teaching

evaluation/grading of tasks completed by students

Sample examples

“all students must have access to appropriate devices,” “teachers
must be provided with digital devices by their employer”

“working internet and wifi“, “more IT staff*

“regular contact with students and parents,” *reguiar feedback from
the teacher on work results”

“training on video conferencing with large groups and working with
learning platforms”

“parents need to better structure their chidren’s dail rotine,”
“clarify that completing assignments is mandatory”

“increased use of leaming apps,” “make better use of online offerings
from publishers/platforms,” “easly accessible learning portals”
“specifications as o which exteral providers may be used and
whether or how achievement monitoring should be used”

*foster student motivation and seff-organized working”

“mandatory participation in distance teaching with performance
evaluation is required”

Notes. The sample examples have been translated into English. Multiple responses per teacher were possible.
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Question® Response format  Topic®  Figure/

Table
How many students and parents, respectively, did you stay in touch with on a regular basis during school closures? closed 12,3 Figure 1
What aspects did you mainly focus on with your teaching material and work assignments during distance teaching in closed b Figure 2
comparison to regular classroom teaching?
How often did you use the different presentation modes to present learning content in German? closed 1c,3  Figure 3
How often did you use the different presentation modes to present leaming content in mathematics? closed 1o -
How often did you distribute work assignments and learning material to your students via different commurication closed 10,3 Figure 4
channels?
How often did you give feedback to the students via different commurication channels? closed 16,3 Figure 5
Which students do you consider to be especially disadvantaged by distance teaching? closed 1d -
How did you handle achievement differences between students during school closures? closed 14,3 Figure 6
How good did distance teaching work with regard to the following aspects? closed 2,3° Figure 7
Which preconditions are most important for successful distance teaching? open 2 Table 2
In your opinion, what percentage of students managed to obtain at least the same leaming progress during distance closed 3 Figure 8
teaching that could have been expected during classroom teaching?
Which factors impeded the organization of distance teaching for you? closed 3 -
How was the contact between students and teachers organized during distance teaching? closed 3 -
Are you female, male, or diverse? closed 3 -
How old are you? open 3 e
Which grade level does the class you are answering this questionnaire for belong to? closed 3 -
What type is the school you are currently working at? closed 1-3¢ —

Notes. “Translated from German.

“Indicates which topic the respective question belongs to (see text, section “Instrument’)

“This question’s closed items “attainment of learning objectives” and “ensuring the equal participation of all students* were used for analyses concerning topic 3.
9IResults are presented separately for school types (topics 1a to 2: elementary and secondary school: topic 3: elementary school, non-academic track, academic track).
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