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The suspension of face-to-face teaching, due to the COVID-19 social distancing
regulations, raised serious concerns about the impacts on children’s academic
learning. Because the implementation of distance education in Germany was entirely
the responsibility of individual schools, and because the home learning environments
varied across households, school children had very different learning conditions
during the pandemic. This fact raises questions whether the conditions of distance
learning has impacted children’s development of basic number skills. In this paper,
descriptive information on children’s home learning conditions and teachers’ distance
teaching approaches during the pandemic, socio-cultural capital, and basic number
skills of 484 third and fourth grade students (51.2% girls) in the state of North Rhine-
Westphalia (Germany) are assessed. The data revealed risk factors such as not having
a tablet/laptop, lack of access to the internet, or a learning environment with siblings
without an adult family member present. A negative association was found between
multiple risk factors (at-risk levels) in home learning and basic number skills. This link
was partially mediated by socio-cultural capital and moderated by teachers’ distance
teaching approach. Children whose teachers applied a more personalized teaching
approach showed fewer negative relations between at-risk levels and basic number
skills. While no evidence was observed for positive effects of videoconferencing,
school-based emergency classes, or private tutoring on basic number skills, children
whose learning was supported by learning management systems showed better skills
than their peers. The findings highlight the differential impact of home-based learning
conditions during the pandemic and provide practical implications for realization of
distance teaching.

COVID- 19, math achievement, distance learning, learning loss, primary education,
home-learning environment, e-learning
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1. Introduction

The coronavirus disease (COVID-19) has led to more than one
hundred million infected humans and millions of deaths worldwide
(John Hopkins University, 2022). Confronted with these huge impacts
on public health, most governments have implemented social distancing
regulations and lockdown measures to reduce the spread of COVID-19.
Consequently, more than 90% of the children worldwide were affected
by temporary school closures during the pandemic (UNESCO, 2022).
Although it is still unclear how the suspension of face-to-face teaching
in schools impacted childrens academic skills and achievement in detail,
research raises serious concerns about its social, economic, and public
health consequences for society (Kuhfeld et al., 2020; Lee, 2020; Engzell
et al., 2021; Psacharopoulos et al., 2021; Raw et al., 2021; Waite et al.,
2021; Blask et al., 2022; Ravens-Sieberer et al., 2022).

In March 2020, school closures in many places were implemented
within days and schools had to shift their traditional classroom face-to-
face teaching to distance teaching approaches (Fickermann and
Edelstein, 2020). For a year and a half, the German school system was
predominantly characterized by distance teaching (Ministerium fiir
Schule und Bildung des Landes Nordrhein-Westfalen, 2022). The
implementation of distance teaching was under the full responsibility of
each individual school. German schools were very different in their
readiness to implement distance learning. Likewise, the home learning
conditions varied widely across households (e.g., in terms of learning
resource, parental learning support, and home learning environment).
These together lead to a situation that there were great variations in
German children’s learning conditions during the COVID-19 pandemic
(Fickermann and Edelstein, 2020; Huber et al., 2020; Huber and Helm,
2020; Porsch and Porsch, 2020; Helm et al., 2021; Steinmayr et al., 2021).

Initial studies indicate great learning gaps compared to typical
school years, which could lead to a reduction in global economic growth
and a lifetime decrease in individual’ earnings (Engzell et al., 2021;
Hammerstein et al., 2021; Psacharopoulos et al., 2021; Konig and Frey,
2022). Current estimates predict severe socio-economic consequences,
especially for low- and middle-income families (Bonal and Gonzélez,
2020). In particular, students from low-income families seem to have
pronounced learning losses and did not experience marked home-based
learning opportunities (Engzell et al., 2021; Goudeau et al,, 2021). A
recent large-scale study showed that the learning losses have been
especially marked in mathematics (van der Berg et al., 2022).

To the best of our knowledge, the interrelationships between
distance learning and teaching conditions during the pandemic and
performance-based outcomes in math have not yet been studied. Until
now, the variables were mostly examined in separate research designs
and the studies on the relation between distance learning conditions and
academic outcomes were measured through observer-ratings by parents,
teachers or self-ratings by students (Huber and Helm, 2020; Helm et al.,
2021; Steinmayr et al., 2021). Considering this scarcity of research about
the impacts of distance education during the COVID-19 pandemic on
children’s basic numeracy skills, the necessity for further research to
examine this interaction becomes clear.

The suspension of face-to-face learning due to the COVID-19
pandemic has significantly changed children’s mathematics learning in
schools. This fact raises questions whether the switch to distance
learning has impacted childrens basic number skills. To date, it is
unclear whether there are associations between risk factors in the home
and digital learning environments during the suspension of face-to-face
teaching and primary school children’s basic number skills at the time
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of returning to face-to-face teaching. Furthermore, it is not known
whether distance teaching approaches had an impact on math learning
of at-risk children. By examining the interplay between home-based
learning environments, distance teaching conditions and basic math
skills, the present project will address this gap in educational research.

1.1. Basic mathematical skills and distance
learning in Germany

The school subject of mathematics is considered as crucial for
educational attainment and professional success (Parsons and Bynner,
2005; Ritchie and Bates, 2013). Basic math skills remain a matter of
outstanding importance throughout one’s entire life span, not only for
mastering social, practical and professional life, but also for individuals’
health and well-being. Large cohort surveys provided evidence that
adults with lower basic math skills have higher risks of being
unemployed and of developing mental or physically health problems
(Parsons and Bynner, 2005; Ritchie and Bates, 2013; Aro et al., 2019).
Considering these consequences, it is alarming to note that — already
before the COVID-19 pandemic — 24% of the 15-year-old students from
OECD countries (Germany 21%) and more than 50% of the 15-year-old
students in 24 participating countries of the international comparative
study of education PISA 2018 (OECD, 2019a) did not attain the baseline
math proficiency level 2. Children who did not attain level 2 cannot
interpret and recognize, in what way a simple situation can
be represented mathematically (e.g., distance comparison between two
routes). Already at the end of primary school many children show clear
weaknesses. According to TIMSS 2019 (Schwippert et al., 2020), about
37% of all children worldwide (Germany 28%) have only rudimentary
mathematical knowledge.

In light of the COVID-19 pandemic, the face-to-face teaching in
German schools was suspended within a few days in spring 2020
(Fickermann and Edelstein, 2020; Ministerium fiir Schule und Bildung
des Landes Nordrhein-Westfalen, 2022). The ministries of education in
Germany assigned the implementation and realization of distance
education to the schools, which had to change their traditional
classroom teaching to distance learning without any preparation time
(Fickermann and Edelstein, 2020). This fundamental shift in teaching
posed major challenges to teachers and schools, as most German schools
do not have the digital infrastructure and most teachers do not have the
media skills to offer digital learning environments for their students
(Eickelmann and Gerick, 2020; Huber et al., 2020). These conditions in
Germany’s educational system led to very different approaches to
distance teaching, varying by class and school (Huber and Helm, 2020;
Steinmayr et al., 2021). While some children were able to learn with
learning management systems (LMS), videoconferencing or interactive
webinars other children did only receive worksheets without any
feedback by their teachers (Porsch and Porsch, 2020). In general, recent
findings suggest that technology-enhanced personalized learning can
lead to better learning outcomes, higher motivation to learn, and more
positive student perceptions of learning (Major et al., 2021; Zheng et al.,
2022) when educational technologies are used effectively (Cheung and
Slavin, 2013; Delgado et al., 2015; Tondeur et al., 2017). Given the
positive effects for personalized learning (Zhang et al, 2020) and
feedback (Wisniewski et al., 2020) that have been known for decades in
traditional classrooms settings, more complex models of personalized
feedback are now being integrated into digital learning systems
(Vasilyeva et al., 2007). At the present time, it is not yet possible to make
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sufficient findings on their effectiveness, as the application of these
technologies is still in its infancy (Shemshack and Spector, 2020).
Nonetheless, there are many benefits associated with these applications,
so a digital approach to mathematics education that taken into account
learners’ individual needs, goals, and abilities is gaining more attention
in today’s educational discussions (FitzGerald et al., 2018; Van Schoors
etal., 2021).

Besides of the varying conditions in distance teaching during the
pandemic, the suspension of face-to-face classes changed the role of
parents in children’s learning environment at home (Thorell et al., 2022).
Especially, in elementary school the distance teaching required learning
support by parents, which they perceived as stressful and challenging
(Wildemann and Hosenfeld, 2020; Jungmann et al., 2021; Canales-
Romero and Hachfeld, 2022). Moreover, the shift from face-to-face
teaching to distance learning at home, highlighted the role of technical
equipment and learning conditions at home (Huber and Helm, 2020;
Helm et al., 2021). Surveys show differences in the availability of digital
devices, internet access, learning materials and learning workplaces in
households (Helm et al., 2021). Some of these variables (e.g., quality of
digital conditions at home) seem to be affected by the socioeconomical
background of the families (Helm et al., 2021). Children with more
resources appear to have had a better quality of digital conditions at
home. Based on the findings presented above, the conditions for distance
teaching and learning during the COVID-19 pandemic were very
different for children in Germany.

Until now, the consequences of distance learning on academic
outcomes in Germany were only investigated with observer-ratings by
parents, teachers or self-ratings by students and did not differentiate
between home learning conditions or distance teaching approaches
(Huber and Helm, 2020; Helm et al., 2021; Steinmayr et al., 2021). Here,
very divergent results were found for self-ratings of learning success by
students, while the observer-ratings by parents and teachers indicated
concerns that students will not meet the regular school curricula.
However, also the observer ratings showed inconsistent findings (Helm
etal,, 2021), which raises doubts about the validity of instruments.

In the federal state of North Rhine-Westphalia the suspension of
face-to-face teaching began in March 2020 and lasted to summer
vacations 2020. The school year 2020/21 began with face-to-face
teaching, but before Christmas 2020, there was a switch back to distance
learning until summer 2021. After the summer holiday 2021, children
returned to their classes and received regular face-to-face teaching
again. In total, of possible 53 school weeks since the suspension of face-
to-face teaching, children in North Rhine-Westphalia formally received
21weeks of regular face-to-face instruction in the classroom
(Ministerium fiir Schule und Bildung des Landes Nordrhein-
Westfalen, 2022).

1.2. Research questions in the present study

The COVID-19 pandemic has profoundly changed the daily social
lives and school learning of primary school students. These changes
raise questions about the extent to which the conditions of distance
learning (e.g., technical conditions at home, learning support, learning
environment at home) and teaching (e.g., use of digital learning tools,
personalized teaching approaches, emergency classes at school)
impacted children’s math learning outcomes. First studies point to
general learning gaps compared to typical school years. However, more
nuanced results are needed to determine whether different risk factors
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in home-based learning influenced the development of basic numeracy
skills and how teaching approaches in distance education affected
children’s learning. Until now, it has been unclear whether there are
logical relationships between these variables, as they have been studied
in separate research designs. To our knowledge, no study to date has
examined this relationship between risk factors in home-based learning,
distance teaching approaches and math achievement.

The present study collected descriptive information about the
distance learning and distance teaching during the COVID-19 pandemic
and evaluated children’s basic number skills after the suspension of face-
to-face teaching in fall 2021. The aim of this study is to identify risk
factors of home-based learning and to examine the extent to which
multiple risk factors have affected the development of basic number
skills during the pandemic. If such a relationship can be observed, the
study will analyze whether this relationship can be explained by
sociocultural background alone, and further will examine whether
instructional offerings for students and a personalized teaching
approach have influenced this relationship.

The research questions of the present study are as follows:

1. To what extent did home learning conditions during distance
learning differ as a function of sociocultural background?

2. To what extent did basic number skills after the suspension of
face-to-face teaching differ as a function of home
learning conditions?

3. To what extent did multiple risk factors (at-risk level) during
home-based learning relate to basic number skills after the
suspension of face-to-face teaching?

4. Is the potential relation between children’s risk level and basic
number skills mediated by the sociocultural background?

5. In what way did teaching approaches, participation in school-
based emergency classes, and private tutoring programs relate to
basis number skills after the suspension of face-to-face teaching?

6. Is the potential relation between children’s risk level and basic
number skills moderated by teachers’ use of personalized

teaching approaches?

2. Materials and methods
2.1. Participants

The study described formed part of a wider research project on the
interplay of mental health and math achievement (MeHeMa-project),
which is a longitudinal project in Brazil, Finland, and Germany. In this
report, the cross-sectional data of the 1st measurement period of the
MeHeMa-project from North Rhine-Westphalia
are presented.

(Germany)

This sample consisted of 484 elementary school students of third
and fourth grade (51.2% girls; 111.92+9.2 months old). One entire class
within one school was assessed and except for one school, the classes of
the entire grades participated in the survey. Six students with intellectual
disabilities,

comprehension problems were not included into the final sample. All

disorders affecting communication and language
students attended regular comprehensive schools in the state of North
Rhine-Westphalia, Germany. To ensure that the sample reflected the
of North Rhine-Westphalia,
elementary schools with different school social indices (Parsons and

sociodemographic characteristics
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Bynner, 2005; Ritchie and Bates, 2013) were recruited (Table 1). The
study was approved by the Institutional Review Board of Instituto De
Psicologia Da Universidade Federal Do Rio Grande Do Sul.

2.2. Procedure

In-class assessments were conducted by grad students during the
first 3 weeks after the school summer break (autumn 2021). Grad
students were trained 1 week prior to the survey on how to administer
the in-class assessment. A standardized instruction guide was used for
the survey so that all classes had a comparable testing situation. The
children were guided through the test situation by the test administrators
in front of the whole class. Each questionnaire was explained with
examples and the children had sufficient time to answer the questions.
Care was taken to ensure that the children did not discuss the
questionnaires, copy from each other, or read their classmates’” answers.
Children could ask comprehension questions at any time (except in the
math test), which were answered for all children in front of the class.
Data collection was conducted in 1 day in a session of 1 to 2h and
included several instruments that also considering mental health
variables. At first, students filled out a questionnaire about their distance
learning during the covid-pandemic and completed one mental health
questionnaire. Afterwards math achievement was measured by the basic
number skill test. Finally, the participants responded to another mental
health questionnaire. In addition, a questionnaire for math teachers was
used to assess the design of the distance education program in
mathematics. In North Rhine-Westphalia, university education for the
teaching profession at elementary schools includes the compulsory
subjects German and mathematics. For this reason, teaching in
elementary school classes is predominantly done by one teacher (the
class teacher). Only minor subjects are taught by other teachers
(Ministerium fiir Schule und Bildung des Landes Nordrhein-Westfalen,
2020, 2023).

2.3. Materials

2.3.1. Distance learning

A self-developed questionnaire for children was used to assess the
general conditions of distance learning at home. Children indicated
whether they had a digital device at home (no device, smartphone,
tablet/laptop) and whether they have access to the internet. Another
question was about learning support. Children indicated whether they
had direct support by a parent or another adult family member at home
(yes/no) and whether they went to private tutoring. Furthermore,
children descriptively indicated the learning environment in which they
studied during distance learning (alone in a room, with siblings but
without parents in a room, with siblings and parents in a room, alone
with parents) and whether they used the emergency care classes offered

TABLE 1 Sample composition and school social index.

10.3389/feduc.2023.1083074

by the school (learning groups of children, who could not stay at home
and were supervised by different professions at school).

2.3.2. Multiple risk factors at home-based learning

To examine the influences of multiple risk factors at home during
distance learning, statistical analyses were calculated using different
levels of risk scores. Based on theoretical models (Helm et al., 2021), a
risk point was assigned for each of the following criteria: no availability
of a tablet or laptop for distance learning (1 risk point); no access to the
internet (1 risk point); no support from a parent or another adult family
member during distance learning (1 risk point); distance learning in a
room with siblings but without parents (1 risk point). Thus, this
computed variable has a range from 0 to 4 risk points.

2.3.3. Digital learning environments

A self-developed questionnaire for math teachers was applied to
measure the conditions of distance teaching. To capture the digital
learning environment used, teachers were asked to indicate whether
they used an e-learning platform/learning management system (LMS)
to organize the learning material, whether they used digital
communication with their students (chats/instant messaging), or how
often they held math classes via video conferencing during the
suspension of face-to-face teaching.

2.3.4. Personalized teaching approaches

In the teacher questionnaire, math teachers were asked to indicate
whether they used a personalized teaching approach during the
suspension of face-to-face teaching (always/often or rarely/never). The
total score was calculated based on following 3 items: children received
always/often individual weekly plans with tasks that were oriented to
their individual performance level (1 point); children received always/
often individual feedback on tasks (1 point); the parents received
always/often individual feedback (1 point). Thus, this computed
variable has a range from 0 to 3 points. The reliability (internal
consistency) of the scale is ®=0.70. The questionnaire builds on the first
dimension of Stebler et al. (2018) theoretical model of personalized
learning, which describes an instructional approach that adapts
instructional opportunities to learners’ abilities and needs. To provide
an economical measure, the questionnaire was designed and tested
with the help of elementary school teachers who did not participate in
the study.

2.3.5. Basic number skills

Basic number skills were measured with the Lost in Math test
(LoMa: Ehlert et al., 2022), which assesses math abilities in the domains
of the part-part-whole concept (8 items), multiplication/division
(8 items), and understanding of the place value system (10 items). The
test situation had no time pressure, and the inventory was designed to
assess basic skills that children should have developed before entering
secondary school in accordance with the national curriculum for

School social index 1 2 3 4 5 6 Vi 8 9
Proportion of schools in North Rhine-Westphalia 23.7% 30.3% 19.5% 11.1% 6.4% 5.3% 2.6% 0.5% 0.1%
Number of schools in the sample - 2 2 1 1 - 1 - -
Proportion of students in the sample - 25.0% 33.3% 15.7% 5.6% - 20.5% - -

The school social index indicates the support needs of schools on a scale from 1 (low support needs) to 9 (high support needs). For more information, see section “Socio-cultural capital”.
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Germany. The total raw score was calculated as the sum of all correct
item responses. All raw scores were converted to z-scores based on the
present sample distribution for each grade. The reliability (internal
consistency) of the basic number skill test is ot=0.87.

2.3.6. Socio-cultural capital

Socio-cultural capital was assessed using three different variables.
At the school level, the official school social index (Schripler and
Jeworutzki, 2021) was used, which measures the support needs of
schools on a scale from 1 (low support needs) to 9 (high support needs).
The school social index captures the social composition of a school’s
student body in North Rhine-Westphalia on the basis of four indicators:
child and youth poverty, proportion of children with a non-German
family language, proportion of children with their own migration
background, proportion of children with the special needs areas of
learning, emotional and social development, and language. At the
individual level, the home possessions of books and the home possession
of an own room and own desk was applied. Children indicate whether
they have their own room and desk at home (yes/no) and how many
books their family has at home (5-point Likert-type scale with pictures
of a bookshelf: 0=none or very few; 1=enough to fill one shelf board;
2=enough to fill one complete shelf; 3 =enough to fill three shelves;
4=more than 200 books). The possessions of books at home and
educational resources such as a desk for studying is a widely used and
economical indix to capture socio-cultural capital (Schwippert, 2019;
Avvisati, 2020; Eriksson et al., 2021).

2.4. Data analysis

All statistical analyses were performed using IBM SPSS Statistics
(Version 27). To investigate differences between groups, one-way
analysis of variance (ANOVA) was performed and evaluated using 7* or
Chi-square test of independence was used and evaluated using Cramers
V. According to (Cohen, 1988), values of 72> 0.01 were interpreted as a
small, > 0.06 a medium and #*>0.14 a large effect size and values of
V>0.1 were interpreted as a small, V>0.3 a medium and V> 0.5 a large
effect size To examine relations between variables, Pearson’s correlation
analyses were used. In line with Cohen (1988) correlation values of
r>0.1 were considered small, 7>0.3 medium and r>0.5 large.
Mediation models (model 4) and a moderation model (model 1) were
calculated by means of the PROCESS macro to analyze whether there
were mediation or moderation effects between the variables (Hayes,
2013). In accordance with Cohen, 1994), an alpha level of 0.05 was used
in this study.

3. Results

3.1. Home learning conditions and their
relation to sociocultural background and
basic number skills

Descriptive statistics (relative frequencies, test of independence) for
home learning conditions during distance learning are reported in
Table 2. Chi-square tests of independence indicated interactions
between technical conditions at home and socio-cultural capital.
Children with fewer family resources were less likely to have a tablet/
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laptop at home or have access to the internet. While there were no
interactions between learning supports and socio-cultural capital, the
learning environment at home differs with respect to family resources.
Children with fewer family resources were more likely to learn with
siblings but without a parent in a room.

In Table 2 and Figure 1, basic number skills are compared across
home learning conditions. The one-way ANOVA reveals differences in
math proficiency between technical conditions and the learning
environments at home. Tukey post-hoc analyses demonstrated that
children, who learned in one room with siblings but without an adult,
had significantly lower basic number skills than their peers (p <0.001 to
p=0.008). While no difference in basic numeracy skills were found
among children who received learning support from parents (or another
adult family member) at different frequencies, differences in math skills
were observed with respect to availability of technology at home.
Children without internet access performed weaker in the basic number
skill test than their peers. Furthermore, children, who were able to use
a tablet/laptop during distance learning performed significant better in
basic number skills than children, who had no technical device
(p=0.003) or only a smartphone at home (p=0.038).

3.2. Multiple risk factors and their relation to
basic number skills

To investigate the impact of multiple risk factors during distance
learning on basic number skills, different levels of risk factors were
calculated on basis of the unavailability of conducive conditions during
home-based learning. Descriptive statistics are reported in Table 3.
Approximately 47% of the students in this sample had at least one risk
point and about 12% had two or more risk points. Chi-square tests of
independence and ANOVA indicated interactions between the number
of risk points and socio-cultural capital. Children with fewer family
resources were more likely to have multiple risks for distance learning
at home.

The presence of multiple risk factors was associated with lower basic
number skills. One-way ANOVA showed a significant difference in basic
math skills between different numbers of risk points. Boxplots of basic
number skills among different numbers of risk points are presented in
Figure 2. In addition, basic number skills correlated negatively with
higher risk levels during home-based learning (r(478)=-0.203;
p<0.001).

To analyze whether the link between risk levels and basic number
skills is mediated by socio-cultural capital, a mediation model (model
4) was applied by means of the PROCESS macro (Hayes, 2022) (see
Figure 3). The direct effect of risk levels on basic number skills was
significant (BTOTAL =—0.258, SE=0.059, p<0.001, 95%CI: —0.38;
—0.14; BDIRECT =-0.224, SE=0.059, p<0.001, 95%CI: —0.34;
—0.11), when the mediator HOMEPOS (books) was added to the
model. There was also significant indirect effect of risk level on basic
number skills through HOMEPOS (books) (BINDIRECT = —0.034,
SE=0.013, 95%CI: —0.063; —0.012). Similar results were found, when
the mediator school social index was added to the model
(BTOTAL=-0.268, SE=0.059, p<0.001, 95%CI: —0.38; —0.15;
BDIRECT =-0.213, SE=0.059, p<0.001, 95%CI: —0.33; —0.10;
BINDIRECT = —0.056, SE=0.018, 95%CI: —0.093; —0.025). Thus, the
relationship between risk level and basic number skills is only
partially mediated by socio-cultural capital.
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TABLE 2 Home learning conditions during the suspension of face-to-face learning and their relation to social-cultural capital and basic number skills.
Basic math skills
Standardized ANOVA

Socio-cultural capital

Percentage HOMEPOS HOMEPOS School

of students
% (n)

(books)

(room/desk)

social index

Z-scores

M (SD)

Item 3

Ttem 1 No Device 7.6% (37) X (8)=25.032, 2 (2)=14.791, X (8)=28.775, —0.48 (0.86) F(2,481)=7.787;
p=0.002; Cramer’s | p=0.001; Cramer’s = p<0.001; Cramer’s P<0.001;
Smartphone 11.0% (53) V=0.161 V=0.175 V=0.172 —0.27 (0.98) 7 =0.031
Tablet/Laptop 81.4% (394) 0.08 (1.00)
Item2 | Internet 87.6% (424) 2(2)=6.632, £(1)=6.509, £(8)=18.292, —0.37 (0.96) F(1,482) =9.628;
p=0.157; p=0.011; Cramer’s = p=0.001; Cramer’s p=0.002;
V=0.116 V=0.194
No Internet 12.4% (60) 0.05 (0.99) 7> =0.020

another adult family member

Support by parents/another 83.8% (404) 2(4)=0.895, 2(1)=0.028, 2(4)=2.507, 0.12 (1.05) F(1, 480)=1.207;
adult family member p=0.925; p=0.867; p=0.643; p=0272;
No support by parents/ 16.2% (78) —0.02 (0.99) 7*=0.003

Item4 | Aloneinaroom 25.9% (124) 7 (12)=21.154, 7 (3)=11172, X (12)=24.038, 0.15 (1.05) F(3,475)=5.791;
p=0.048; Cramer’s | p=0.011; Cramer’s = p=0.020; Cramer’s p=0.001;
With siblings without an 14.0% (67) V=0.122 V=0.153 V=0.129 —0.44 (1.00) 7 =0.035
adult in a room
With siblings and parents in a 18.0% (86) 0.10 (1.02)
room
Alone with parents in a room 42.2% (202) 0.00 (0.92)
Significant values are printed in bold.
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FIGURE 1
Box plots of basic number skills among learning environments at home.
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TABLE 3 Descriptive data, test of independence and analysis of variance between risk points profiles.

Test of

Risk points

2

independence

Percentage of students % (n) 54.0% (258) 33.5% (160) 10.9% (52) 1.5% (7) 0.2% (1) -

Basic number skills M (SD) 0.15 (0.94) —0.08 (1.08) —0.32(0.83) —1.05(1.03) -1.17 F(4,473) =5.484;
p<0.001;
7> =0.044

HOMEPOS (books) 2.25(1.23) 1.99 (1.23) 1.75(1.32) 1.57 (0.79) 2.00 1(16)=21.428, F(4,469) =3.349;

p =0.163; Cramer’s p=0.010;
V=0.106 7*=0.028
HOMEPOS (room/desk) 0.59 (0.49) 0.44 (0.50) 0.38 (0.49) 0.00 (0.00) 0.00 2(4)=20.741, F(1,
Dummy-coded P <0.001; Cramer’s 476)=19.418;
V=0.208 p<0.001;
7*>=0.039
School social index 3.57 (1.71) 4.04 (1.86) 4.31(1.74) 5.43 (2.07) 7.00 2(16)=33.502, F(4,473) =5.426;
p=0.006; Cramer’s p<0.001;
V=0.132 7 =0.044
Higher school social indices indicate higher support needs. Significant values are printed in bold.
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FIGURE 2
Box plots of basic number skills among different risk points.

3.3. Impact of distance teaching
environments, approaches, and tutoring on
the link between risk levels and basic
number skills

To analyze whether private tutoring programs, school-based
emergency classes or digital teaching approaches during distance
learning promoted the development of basis number skills and counteract
risk factors of home-based learning, several subgroup comparisons were
made. Descriptive statistics (relative frequencies, means and standard
deviation, ANOVAY) for private tutoring and school-based emergency
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classes are shown in Table 4. No differences could be found in basic
number skills of children at different risk levels for participation in
private tutoring programs or school-based emergency classes.

For the analysis of the impact of digital learning opportunities in
distance teaching, the risk criterion “no access to the internet” was
excluded. While there were no differences in basic number skills of
children at different risk levels for the use of videoconferencing in math
or the use of digital communication, group differences emerged for the
use of LMS. Children of risk level 0 and 1 whose distance learning was
supported by LMS showed better basic number skills compared to
their peers.
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FIGURE 3
Mediation models (unstandardized coefficients are reported). **p < 0.001.
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Moderation graphs risk level X personalized teaching approach
(variables are plotted at 1 SD above and below M).

The use of a personalized teaching approach during distance
teaching was not correlated with basic number skills (7(404)=0.007;
p=0.890). A moderation analysis was conducted to examine whether
the interaction between risk level and personalized teaching approach
predicted basic number skills (Figure 4). Results show a moderation
effect of personalized teaching approach on the link between students’
risk level and their basis number skills (AR?>=1.38%, F(1, 395)=5.74,
p=0.017, 95% CI[0.037, 0.220]). Children whose teachers applied a
more personalized teaching approach showed fewer negative
associations between risk level and basic number skills.

4. Discussion

The suspension of face-to-face teaching during the COVID-19
pandemic changed greatly the learning environment of elementary school
children and posed major challenges to teachers and parents (Fickermann
and Edelstein, 2020; Jungmann et al, 2021). Because of different
approaches to implementing distance teaching in schools and varying
home learning conditions across household, children in Germany had
very different learning conditions during the pandemic (Helm et al., 2021;
Steinmayr et al., 2021). This fact raises the question of whether these
conditions have affected the development of children’s basic number skills.
Therefore, the aim of this study was to identify risk factors of home-based
learning and to examine whether multiple risk factors were related to basic
number skills after the suspension of face-to-face teaching.

The data provide first empirical evidence that certain conditions
during distance learning were associated with weaker basic math skills
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after the interruption of face-to-face teaching. The absence of a laptop
or internet at home can be considered as risk factors for children’s basic
number skills. Logically, these children were less likely to participate in
digital learning opportunities offered by their teachers or to take up
digital learning opportunities on their own initiative. Another risk factor
was identified in the learning environment at home. Children who were
learning in a room with other children and without adult guidance
showed clear deficits in their basic number skills. Since most elementary
school children are not yet able to manage self-regulated learning
processes in a group setting without adult guidance (Stoeger and Ziegler,
2011; Godwin et al.,, 2016), it is very likely that these children more often
engage in non-task behavior compared to peers who have been
supported by an adult. Interestingly, children who learned alone did not
show poorer math skills. One explanation for this could be that this
group consists of rather high-achieving children who are trusted by their
parents to learn on their own. Analyses of the influence of multiple risk
factors (at-risk levels) showed a negative association with basic number
skills. Children affected by multiple risk factors during distance
learning — which applied to 12% of children - were more likely to have
deficits in their basic number skills. The more risk factors were present,
the worse basic skills were observed after the interruption of face-to-face
teaching. However, the question arose as to whether these differences
were due solely to socioeconomic resources and thus may have existed
prior to the pandemic.

Consistently with previous research (Helm et al., 2021), the data
revealed that some of these risk factors were related to the sociocultural
background. Children from families with more resources were more
likely to have the digital prerequisites to participate in digital learning
opportunities and were less likely to learn in non-conducive learning
environments at home (without adult guidance, but with siblings or
friends). In light of the predictive value of socioeconomic status on the
development of children’s math skills (Sirin, 2005; Lee et al., 2016) and
the particularly large differences in math performance according to
social background in Germany (compared to OECD average: OECD,
2019b), the question arises whether the observed risk factors and their
influences on basic skills were not confounded by sociocultural
background. Mediation analysis provided evidence that the link between
risk levels and basic math skills was only partially mediated by
sociocultural capital. Accordingly, although the influence of risk factors
on basic math skills could be partially explained by differences in
sociocultural capital, there was also a direct impact of risk factors on
mathematical skills after the interruption of face-to-face teaching. It
therefore appears that the differences are not due to socioeconomic
factors alone, but that specific conditions of distance education are
responsible for individual differences in basic mathematical skills.
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TABLE 4 Link between risk factors and basic number skills as a function of private tutoring and emergency classes at school.

Percentage Risk factors
of students .
% (n) At least 1 risk
factor
Private tutoring 21.4% (97) —0.03 (1.0) —-0.12 (0.9) —0.48 (0.9) —-0.23 (0.3) - —0.32 (1.0)
No private tutoring 87.6% (356) 0.23 (0.9) —0.04 (1.1) —0.31(0.8) —1.82(1.1) - —0.11 (1.0)
ANOVA F(1,242) = 5.484; F(1,148)=0.118; F(1,47) =0.298; F(1,4)=5.780; - F(1,203) =1.355;
p=0.062 p=0732 p=0.588 p=0.074 p=0.246
Attendance at 14.7% (71) 0.16 (0.9) —0.04 (1.2) -0.38 (0.9) - - —0.13 (1.1)
emergency classes
No attendance at 84.9% (411) 0.15 (1.0) —0.09 (1.1) —0.31(0.8) - - —0.18 (1.0)
emergency classes
ANOVA F(1,256) =0.004; F(1, 158) =0.052; F(1, 50) =0.052; - - F(1,218)=0.072;
p=0.950 p=0.820 p=0.821 p=0.789

Basic number skills are reported as M (SD). Significant values are printed in bold.

TABLE 5 Link between risk factors and basic number skills as a function of digital learning environments.

Percentage of Risk factors
students % (n)

2 At least 1 risk
factor

E-learning platform/LMS 70.7% (342) 0.22 (0.9) 0.18 (1.0) —0.50 (1.0) - —0.32(1.0)

No E-learning platform/LMS 23.0% (102) —0.28 (1.0) —0.64 (0.8) —0.67 (0.7) - —0.11 (1.0)

ANOVA F(1,261)=12.573; F(1,142)=18.456; F(1,29)=0.232; - F(1,174)=16.607;
p<0.001;77=0.046 = p<0.001;77=0.115 p=0.633 < 0.001;77 =0.087

Always or often digital 72.7% (323) 0.12 (1.0) 0.02 (1.0) —0.72 (0.8) - —0.11 (1.0)

communication with students

Rarely or no digital 27.3% (121) 0.10 (1.0) —0.14 (1.1) —0.13 (0.9) - —0.14 (1.0)

communication with students

ANOVA F(1,261)=0.017; F(1, 142) =0.657; F(1,29)=2.991; F(1,174)=0.017;

p=0.896 p=0419 p=0.094 p=0.876
Nmberofvdwemfreeiidas

Less than 1h per week 33.6% (144) 0.10 (1.0) —0.11 (1.0) —0.46 (0.8) - —0.18 (1.0)

1 to 2h per week 32.9% (141) 0.04 (0.9) —0.10 (1.0) —0.45 (0.9) - —0.18 (1.0)

More than 2h per week 33.4% (143) 0.14 (1.0) 0.02 (1.1) —0.73 (1.0) - —0.12 (1.1)

ANOVA F(1,249)=0.231; F(1,136) =0.237; F(1,28)=0.341; - F(1, 168) =0.066;
p=0.794 p=0.789 p=0714 p=0.936

Basic number skills are reported as M (SD); risk criterion “no access to internet” was excluded for this analysis; significant values are printed in bold.

Based on the findings on the negative impact of risk factors on basic ~ these classes showed different math skills after the interruption of face-
numeracy skills, the question was whether specific teaching or tutoring  to-face teaching. Similar results were observed for private tutoring.
services during the pandemic were able to reduce these negative  These services do not appear to have been able to reduce the negative
repercussions. At the beginning of the pandemic, elementary schoolsin  effects of risk factors in home-based learning. One could hypothesize
Germany were asked to take children from families whose parents  that due to the varying frequency of participation as wells as the different
worked in critical infrastructure into emergency care classes. These  didactic concepts and qualities, the assumed benefits of face-to-face
classes were taught by teachers or other educational professionals (e.g.,  settings did not materialize.
social worker) and the children often did not attend these classes Although information and communications technology (ICT) has
consistently (Fickermann and Edelstein, 2020; Blum and Dobroti¢, 2021;  been considered important for improving the quality of math teaching
Ministerium fiir Schule und Bildung des Landes Nordrhein-Westfalen,  for several years, the implementation of digital technologies in German
2022). The data provided no evidence that children who participatedin ~ schools was not well advanced at the beginning of the pandemic (De
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Witte and Rogge, 2014; Huber and Helm, 2020; Eickelmann and Drossel,
2020a). There was a lack of digital infrastructure and sufficient training
for teachers in the use of digital media (Eickelmann et al., 2019;
Schuknecht and Schleicher, 2020; Eickelmann and Drossel, 2020b). This
limited experience led to significant difficulties in providing digital
learning opportunities (e.g., video conferencing, LMS, video tutorials),
especially shortly after the suspension of face-to-face teaching (Helm
etal, 2021). To date, there are no empirical studies focusing math skills
and digital learning environments during the pandemic in Germany.
Only one study (Steinmayr et al., 2021) measured children’s academic
outcomes (learning progress) and activities of teachers by means of
parent ratings. Using this indirect assessment method, an association
was found between teaching via videoconferencing and learning
progress. The data from the present study provide no evidence of a
positive effect of videoconferencing or digital communication between
students and teachers. These findings could be explained by the likely
low teaching quality of videoconferencing, possibly due the lack of
teacher training (Eickelmann et al., 2019). It could be assumed that a
more frontal class teaching approach via videoconferencing - a logical
adaption of traditional teaching methods given the low digital literacy
of teachers — might be difficult for primary school children. However,
for these conclusions, differentiated methods are needed that can
capture the teaching design of videoconferencing.

Online learning methods are likely to increase in use, even where
school learning is not currently disrupted, and may be useful both in
conjunction with face-to-face instruction, and where necessary as a
substitute for it. Spitzer and Musslick (2021) found quite positive results
for German pupils from a curriculum-based online learning software
for mathematics. This had been in place before the school closures of
2020 but was used more during these closures. Pupils showed better
performance on this mathematical software during the school closures
than the previous year; and there appeared to be some narrowing of the
gap in performance between low- and high-achieving students.
However, it must be noted that children, who experience the risk factors
discussed here, and especially those who lack access to the internet, are
not able to benefit fully from such software.

In this study, teachers indicated whether they used LMS to organize
learning material for their students. The results showed a positive
relationship between the use of LMS and basic math skills after the
suspension of face-to-face teaching. Children appeared to benefit from a
structured digital presentation of their learning material, which is
consistent with studies that report a positive effect on student academic
performance when digital learning programs are used to supplement
classroom instruction (Skryabin et al., 2015; Comi et al., 2017; Hu et al.,
2018; Laakso et al., 2018). Nevertheless, latest findings highlight that it is
not so much the mere use of LMS that can be conducive for learning, but
rather the specific design of digital learning opportunities by teachers (De
Witte and Rogge, 2014; Mergoni et al., 2022). Consequently, further
research is needed here that takes other teacher variables into account.

A key and, to our knowledge, unexplored question is whether a
personalized teaching approach during distance teaching was able to
counteract the negative repercussions for children with home-based risk
factors during distance teaching. Personalized teaching is not clearly
defined and functions as an umbrella term for didactic approaches that
focus individualized student support (Stebler et al., 2018). Several meta-
analyses highlighted the positive effect of feedback on student
performance (Hattie and Timperley, 2007; Wisniewski et al., 2020) and
a long research tradition focuses adaptive teaching concepts, in which
teachers adjust their teaching approach to individual students learning
(Hattie, 2009; Brithwiler and Blatchford, 2011; Hardy et al., 2011). In
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recent years, this personalized learning has been linked to digital media
in educational research, and it has been found that it can have positive
impacts on learning outcomes (Major et al., 2021; Zheng et al., 2022)
when the technological applications are used effectively by the teaching
staff (Cheung and Slavin, 2013; Delgado et al., 2015; Tondeur et al.,
2017). The data from the present study did not show an overall positive
effect of personalized teaching. However, an interaction effect was
observed suggesting that students with home-based risk factors for
distance learning benefit more from personalized teaching. Adaptive
teaching that provided frequent feedback to children and parents may
have counteract negative effects for children at-risk. This is an interesting
and important finding, as further implications for school practice can
be derived from it. In addition to differentiated education and training
opportunities on personalized instruction for teachers, it would seem
appropriate in schools with a higher number of at-risk students to have
more staff resources to adequately implement individualized support
(e.g., feedback to children and parents). These findings are consistent
with research that demonstrates the positive impact of teacher-student
interaction on learning in online education (Lin et al., 2017), as well as
recent studies during the COVID-19 pandemic that highlighted the
importance of teacher-student interaction for learning satisfaction and
success in distance education (Schneider et al., 2021; Sun et al., 2022).

Technology-enhanced personalized learning is gaining more and
more attention in research, governmental agencies, and popular media
(FitzGerald et al., 2018). However, personalized learning technologies
are still in their infancy (Shemshack and Spector, 2020), even though,
already today, rather complex models of personalized feedback can
be implemented into digital learning systems (Vasilyeva et al., 2007).
However, this algorithm-driven learning management, which expanded
during the pandemic, is not without problems (Williamson, 2021).
Effective use of educational technologies should be one of the key topics
of research in the post-pandemic schools.

Future studies should investigate the relationships between the
factors studied here and other factors that may influence home learning
and mathematical performance. One would expect that the effects both
of school closures in general and of particular distance learning
techniques would vary not only with home resources but with a variety
of aspects of parental and child characteristics, and with home-school
relationships. For example, Darragh and Franke (2021) found that a
sample of New Zealand parents had very varied perspectives on home-
learning of mathematics during lockdown. 35.5% were positive; 29.9%
were negative, 29.5% gave mixed responses and 5.24% were neutral.
Parents of younger children were more positive than parents of older
children. Negative reactions were associated with parental levels of stress
and anxiety, though it was not possible to determine direction of
causation. School provision of materials and guidance was perceived by
parents as an important influence on the experience of home-learning.
Harper et al. (2021) looked at American parents’ responses to surveys
about home mathematics education during the pandemic; and at their
‘tweets” on the subject. It is likely that these parents, especially those in
the Twitter study, were particularly interested in mathematics education
and had particularly fast internet access. Nevertheless, their views
seemed similar to those found in other studies: they worked a lot with
their children on mathematical activities, focusing mainly on
elementary-level content, and they expressed a need for more
opportunities to interact directly with their children’s teachers.

Moreover, the effects of the pandemic go beyond school closures and
include things like isolation from friends and relatives; physical restriction,
especially for those living in small houses and flats without gardens; financial
insecurity and increases in poverty; health anxiety; and in some cases,
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bereavement (Ravens-Sieberer et al., 2021; Feinberg et al., 2022). While
children in the age-group studied here usually do not experience serious
illness from Covid themselves, it does happen occasionally (Kompaniyets
etal,, 2021), and far more are and (especially pre-vaccines) were affected by
the serious illness of parents, grandparents and other family members.

Implications of the findings are that children’s home learning is likely
to be affected both by general social and economic disadvantages, and by
specific practical risk factors, such as limited or absent access to the
internet; lack of a device such as a tablet or laptop; not having a quiet
room where to study and lack of adult support for schoolwork at home.
Awareness of such problems may make it possible to identify and provide
assistance to children at risk, both as regards routine home learning
activities such as homework, and for children experiencing long-term
disruption to face-to-face learning at school, due to individual problems
such as family illness or large-scale problems such as future pandemics.

It would be interesting to investigate whether the effects of the risk
factors were similar for other subjects besides mathematics. In at least
some countries, including the United Kingdom, persistent numeracy
difficulties are significantly commoner than persistent literacy difficulties
(Parsons and Bynner, 2005; BIS, 2012); and it therefore seems at least
possible that numeracy would be even less resilient than other subjects
to a significant disruption such as that caused by the pandemic. Kuhfeld
etal. (2020) reported results suggesting that performance in mathematics
was particularly seriously affected by the pandemic. There needs to
be future research on the nature, extent and long-term persistence of
effects of the pandemic and school closures on children’s attainment in
different subjects. This knowledge is needed, as even though large-scale
school closures like during this pandemic are rare, local disruptions of
school-going occur regularly in many countries for a variety of reasons:
e.g. extreme weather conditions.

5. Limitations

Some limitations of the applied research approach should be noted.
First, the cross-sectional design did not allow to draw conclusions about
the development of math skills over time, as no data were assessed
before the pandemic. Therefore, the study can only provide hypotheses
about the cause-effect relationships. Secondly, the study did not look at
possible differential effect on different aspects of mathematics, or on
other subjects in the curriculum. Third, the study excluded children
with special educational needs, so it cannot provide any information
about them. Fourth, the research design used student self-reports to
assess the conditions of distance learning at home and used teacher self-
reports to assess the conditions of distance teaching. It cannot
be guaranteed that their ratings are influenced by memory biases. To
ensure the validity of the information, the assessments were conducted
immediately after the suspension of face-to-face teaching. In addition,
teacher responses were compared to other evidence as to resources
available at the school, in order to check whether their responses might
be influenced by social desirability effects. Not all teachers responded
similarly, suggesting that there were likely differences in how much they
used personalized approaches. Fifth, the study was carried out in a single
area of Germany, and it is possible that the findings might not be fully
applicable to other places, especially internationally. Moreover, this
study focused only on children at grade levels 3 to 4. Having a larger
sample with children from younger and older age-groups would
be important to better understand the connections in studying and
learning mathematics under distance learning conditions.
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6. Conclusion

The present study provides first empirical evidence on the
relationship between distance learning conditions during the
COVID-19 pandemic and basic number skills after the interruption of
face-to-face teaching. By applying a performance test of basic
numeracy skills, the study extends the previous descriptive research
on the realization of distance teaching in Germany and provides risk
factors of home-based learning. Based on the findings, concepts can
be derived to ensure effective implementation of distance learning for
future pandemics or emergencies causing suspension of face-to-face
teaching. In view of the serious economic (Psacharopoulos et al,
2021), health (Ravens-Sieberer et al, 2022) and educational
consequences (Konig and Frey, 2022) of the suspension of face-to-face
teaching, every effort should be made in the future, even in exceptional
circumstances, to provide all children with equal educational
opportunities in terms of human rights (UN General Assembly, 1948).
For this purpose, schools and educational ministries should provide a
stable digital infrastructure and support families with fewer resources.
A mere consideration of socioeconomic background does not seem
entirely sufficient here, even though this index reveals many
educational disadvantages. In the context of teacher education and
in-service training, ICT, personalized teaching approaches and the
exchange with the parental home should play a greater role to
counteract the negative repercussions for children at-risk.
Nevertheless, the question arises to what extent elementary schools in
Germany have adequate staffing (Bieber et al., 2020) for an intensive
and professional exchange with parents and children outside
the classroom.

Data availability statement

The raw data supporting the conclusions of this article will be made
available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Institutional Review Board of Instituto De Psicologia Da
Universidade Federal Do Rio Grande Do Sul. Written informed consent
to participate in this study was provided by the participants’ legal
guardian/next of kin.

Author contributions

LO, AE, VH, AD, and PR conception and design of the study. LO
performed the statistical analysis and wrote the first draft of the
manuscript. All authors contributed to manuscript revision, read, and
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the absence
of any commercial or financial relationships that could be construed as
a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/feduc.2023.1083074
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Orbach et al.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or

References

Aro, T., Eklund, K., Eloranta, A.-K., Nérhi, V., Korhonen, E., and Ahonen, T. (2019).
Associations between childhood learning disabilities and adult-age mental health
problems, lack of education, and unemployment. J. Learn. Disabil. 52, 71-83. doi:
10.1177/0022219418775118

Avvisati, E (2020). The measure of socio-economic status in PISA: a review and some
suggested improvements. Large Scale Assess. Educ. 8:8. doi: 10.1186/s40536-020-00086-x

Bieber, G., Dedering, K., Kriiger-Potratz, M., and Tillmann, K.-J. (2020). Editorial zum
Schwerpunktthema: Lehrkréiftemangel und Lehrerrekrutierung - historische Perspektive
und aktuelle Problemlage. Die Deutsche Schule (DDS) 2020, 359-363. doi: 10.31244/
dds.2020.04.01

BIS. (2012). The 2011 Skills for Life Survey: A Survey of Literacy, Numeracy and ICT
Levels in England. Department for Business, Innovation and Skills. Available at: https://
assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/
file/36000/12-p168-2011-skills-for-life-survey.pdf (Accessed January 27, 2023).

Blaskd, Z., Da Costa, P,, and Schnepf, S. V. (2022). Learning losses and educational
inequalities in Europe: mapping the potential consequences of the COVID-19 crisis. J. Eur.
Soc. Policy 32, 361-375. doi: 10.1177/09589287221091687

Blum, S., and Dobroti¢, I. (2021). Childcare-policy responses in the COVID-19
pandemic: unpacking cross-country variation. Eur. Soc. 23, S545-S563. doi:
10.1080/14616696.2020.1831572

Bonal, X., and Gonzalez, S. (2020). The impact of lockdown on the learning gap: Family
and school divisions in times of crisis. Int. Rev. Educ. 66, 635-655. doi: 10.1007/
511159-020-09860-z

Brithwiler, C., and Blatchford, P. (2011). Effects of class size and adaptive teaching
competency on classroom processes and academic outcome. Learn. Instr. 21, 95-108. doi:
10.1016/j.learninstruc.2009.11.004

Canales-Romero, D., and Hachfeld, A. (2022). Juggling school and work from home:
results from a survey on German families with school-aged children during the early
COVID-19 lockdown. Front. Psychol. 12:734257. doi: 10.3389/fpsyg.2021.734257

Cheung, A. C. K., and Slavin, R. E. (2013). The effectiveness of educational technology
applications for enhancing mathematics achievement in K-12 classrooms: a meta-analysis.
Educ. Res. Rev. 9, 88-113. doi: 10.1016/j.edurev.2013.01.001

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. Mahwah: L.
Erlbaum Associates.

Cohen, J. (1994). The earth is round (p <0.05). Am. Psychol. 49, 997-1003. doi:
10.1037/0003-066X.49.12.997

Comj, S. L., Argentin, G., Gui, M., Origo, E, and Pagani, L. (2017). Is it the way they use
it? Teachers, ICT and student achievement. Econ. Educ. Rev. 56, 24-39. doi: 10.1016/j.
econedurev.2016.11.007

Darragh, L., and Franke, N. (2021). Lessons from lockdown: parent perspectives on
home-learning mathematics during COVID-19 lockdown. Int. J. Sci. Math. Educ. 20,
1521-1542. doi: 10.1007/s10763-021-10222-w

De Witte, K., and Rogge, N. (2014). Does ICT matter for effectiveness and efficiency in
mathematics education? Comput. Educ. 75, 173-184. doi: 10.1016/j.compedu.2014.02.012

Delgado, A., Wardlow, L., O’'Malley, K., and McKnight, K. (2015). Educational
technology: a review of the integration, resources, and effectiveness of technology in K-12
classrooms. J. Inform. Technol. Educ. Res. 14, 397-416. doi: 10.28945/2298

Ehlert, A., Herzog, M., and Fritz, A. (2022). LoMa - Testverfahren zur Erfassung
arithmetischer Basiskompetenzen. Available at: https://akademie-wort-und-zahl.de/loma/
(Accessed January 27, 2023).

Eickelmann, B., Bos, W., Gerick, J., Goldhammer, E, Schaumburg, H., Schwippert, K.,
et al. (2019). ICILS 2018 #Deutschland. Computer- und informationsbezogene
Kompetenzen von Schiilerinnen und Schiilern im zweiten internationalen Vergleich und
Kompetenzen im Bereich Computational Thinking. doi: 10.25656/01:18166,

Eickelmann, B., and Drossel, K. (2020a). Schule auf Distanz. Vodafone Stiftung Available
at: https://www.vodafone-stiftung.de/wp-content/uploads/2020/05/Vodafone-Stiftung-
Deutschland_Studie_Schule_auf_Distanz.pdf (Accessed January 27, 2023).

Eickelmann, B., and Drossel, K. (2020b). Lehrer*innenbildung und Digitalisierung—
Konzepte und Entwicklungsperspektiven. doi: 10.25656/01:19253,

Eickelmann, B., and Gerick, J. (2020). Lernen mit digitalen Medien. Zielsetzungen in
Zeiten von Corona und unter besonderer Beriicksichtigung von sozialen Ungleichheiten.
doi: 10.25656/01:20235,

Engzell, P, Frey, A., and Verhagen, M. D. (2021). Learning loss due to school closures
during the COVID-19 pandemic. Proc. Natl. Acad. Sci. U. S. A. 118:€2022376118. doi:
10.1073/pnas.2022376118

Frontiers in Education

10.3389/feduc.2023.1083074

those of the publisher, the editors and the reviewers.

Any product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by the
publisher.

Eriksson, K., Lindvall, J., Helenius, O., and Ryve, A. (2021). Socioeconomic status as a
multidimensional predictor of student achievement in 77 societies. Front. Educ. 6:731634.
doi: 10.3389/feduc.2021.731634

Feinberg, M. E., Mogle, A. ], Lee, J., Tornello, S. L., Hostetler, M. L., Cifelli, J. A., et al.
(2022). Impact of the COVID-19 pandemic on parent, child, and family functioning. Fam.
Process 61, 361-374. doi: 10.1111/famp.12649

Fickermann, D., and Edelstein, B. (2020). Langsam vermisse ich die Schule. Schule
wihrend und nach der Corona-Pandemie. Die Deutsche Schule 16, 9-33. doi:
10.25656/01:20227

FitzGerald, E., Kucirkova, N., Jones, A., Cross, S., Ferguson, R., Herodotou, C., et al.
(2018). Dimensions of personalisation in technology-enhanced learning: a framework and
implications for design: dimensions of personalisation in TEL. Br. J. Educ. Technol. 49,
165-181. doi: 10.1111/bjet.12534

Godwin, K. E., Almeda, M. V,, Seltman, H., Kai, S., Skerbetz, M. D., Baker, R. S., et al.
(2016). Off-task behavior in elementary school children. Learn. Instr. 44, 128-143. doi:
10.1016/j.learninstruc.2016.04.003

Goudeau, S., Sanrey, C., Stanczak, A., Manstead, A., and Darnon, C. (2021). Why
lockdown and distance learning during the COVID-19 pandemic are likely to increase the
social class achievement gap. Nat. Hum. Behav. 5, 1273-1281. doi: 10.1038/
§41562-021-01212-7

Hammerstein, S., Konig, C., Dreisérner, T., and Frey, A. (2021). Effects of COVID-19-
related school closures on student achievement-a systematic review. Front. Psychol.
12:746289. doi: 10.3389/fpsyg.2021.746289

Hardy, I, Hertel, S., Kunter, M., Klieme, E., Warwas, J., Biittner, G., et al. (2011). Adaptive
Lerngelegenheiten in der Grundschule. Merkmale, methodisch-didaktische
Schwerpunktsetzungen und erforderliche Lehrerkompetenzen. doi: 10.25656/01:8783,

Harper, E K., Rosenberg, J. M., Comperry, S., Howell, K., and Womble, S. (2021).
#Mathathome during the COVID-19 pandemic: exploring and reimagining resources and
social supports for parents. Educ. Sci. 11:60. doi: 10.3390/educscil1020060

Hattie, J. (2009). Visible Learning: A Synthesis of Over 800 Meta-analyses Relating to
Achievement. London: Routledge.

Hattie, J., and Timperley, H. (2007). The power of feedback. Rev. Educ. Res. 77, 81-112.
doi: 10.3102/003465430298487

Hayes, A. E. (2013). Introduction to Mediation, Moderation, and Conditional Process
Analysis: A Regression-based Approach. New York: The Guilford Press.

Hayes, A. F. (2022). Introduction to Mediation, Moderation, and Conditional Process
Analysis: A Regression-based Approach. 3rd Edn. New York: The Guilford Press.

Helm, C., Huber, S., and Loisinger, T. (2021). Was wissen wir tiber schulische Lehr-Lern-
Prozesse im Distanzunterricht wihrend der Corona-Pandemie? - Evidenz aus
Deutschland, Osterreich und der Schweiz. Z. Erzieh. 24, 237-311. doi: 10.1007/
s11618-021-01000-z

Hu, X., Gong, Y., Lai, C.,, and Leung, E. K. S. (2018). The relationship between ICT and
student literacy in mathematics, reading, and science across 44 countries: a multilevel
analysis. Comput. Educ. 125, 1-13. doi: 10.1016/j.compedu.2018.05.021

Huber, S. G., Glinther, P. S., Schneider, N., Helm, C., Schwander, M., Schneider, J., et al.
(2020). COVID-19 und aktuelle Herausforderungen in Schule und Bildung. Waxmann
Verlag GmbH.

Huber, S. G., and Helm, C. (2020). Lernen in Zeiten der Corona-Pandemie. Die Rolle
familidrer Merkmale fiir das Lernen von Schiiler*innen. Befunde vom Schul-Barometer in
Deutschland, Osterreich und der Schweiz. doi: 10.25656/01:20228,

John Hopkins University. (2022). COVID-19 Dashboard by the Center for Systems Science
and Engineering Baltimore: John Hopkins University.

Jungmann, T., Heinschke, E, Federkeil, L., Testa, T., and Klapproth, F (2021).
Distanzlernen wihrend der COVID-19 Pandemie: Stressbelastung und Coping-Strategien
von Eltern schulpflichtiger Kinder. Zeitschrift fiir Entwicklungspsychologie und Pidagogische
Psychologie 53, 71-81. doi: 10.1026/0049-8637/a000241

Kompaniyets, L., Agathis, N. T., Nelson, J. M., Preston, L. E., Ko, ]. Y., Belay, B, et al.
(2021). Underlying medical conditions associated with severe COVID-19 illness among
children. JAMA Netw. Open 4:¢2111182. doi: 10.1001/jamanetworkopen.2021.11182

Konig, C., and Frey, A. (2022). The impact of COVID-19-related school closures on
student achievement—a meta-analysis. Educ. Meas. Issues Pract. 41, 16-22. doi: 10.1111/
emip.12495

Kuhfeld, M., Soland, J., Tarasawa, B., Johnson, A., Ruzek, E., and Liu, J. (2020). Projecting
the potential impacts of COVID-19 school closures on academic achievement. Educ. Res.
49, 549-565. doi: 10.3102%2F0013189X20965918

frontiersin.org


https://doi.org/10.3389/feduc.2023.1083074
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://doi.org/10.1177/0022219418775118
https://doi.org/10.1186/s40536-020-00086-x
https://doi.org/10.31244/dds.2020.04.01
https://doi.org/10.31244/dds.2020.04.01
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/36000/12-p168-2011-skills-for-life-survey.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/36000/12-p168-2011-skills-for-life-survey.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/36000/12-p168-2011-skills-for-life-survey.pdf
https://doi.org/10.1177/09589287221091687
https://doi.org/10.1080/14616696.2020.1831572
https://doi.org/10.1007/s11159-020-09860-z
https://doi.org/10.1007/s11159-020-09860-z
https://doi.org/10.1016/j.learninstruc.2009.11.004
https://doi.org/10.3389/fpsyg.2021.734257
https://doi.org/10.1016/j.edurev.2013.01.001
https://doi.org/10.1037/0003-066X.49.12.997
https://doi.org/10.1016/j.econedurev.2016.11.007
https://doi.org/10.1016/j.econedurev.2016.11.007
https://doi.org/10.1007/s10763-021-10222-w
https://doi.org/10.1016/j.compedu.2014.02.012
https://doi.org/10.28945/2298
https://akademie-wort-und-zahl.de/loma/
https://doi.org/10.25656/01:18166
https://www.vodafone-stiftung.de/wp-content/uploads/2020/05/Vodafone-Stiftung-Deutschland_Studie_Schule_auf_Distanz.pdf
https://www.vodafone-stiftung.de/wp-content/uploads/2020/05/Vodafone-Stiftung-Deutschland_Studie_Schule_auf_Distanz.pdf
https://doi.org/10.25656/01:19253
https://doi.org/10.25656/01:20235
https://doi.org/10.1073/pnas.2022376118
https://doi.org/10.3389/feduc.2021.731634
https://doi.org/10.1111/famp.12649
https://doi.org/10.25656/01:20227
https://doi.org/10.1111/bjet.12534
https://doi.org/10.1016/j.learninstruc.2016.04.003
https://doi.org/10.1038/s41562-021-01212-7
https://doi.org/10.1038/s41562-021-01212-7
https://doi.org/10.3389/fpsyg.2021.746289
https://doi.org/10.25656/01:8783
https://doi.org/10.3390/educsci11020060
https://doi.org/10.3102/003465430298487
https://doi.org/10.1007/s11618-021-01000-z
https://doi.org/10.1007/s11618-021-01000-z
https://doi.org/10.1016/j.compedu.2018.05.021
https://doi.org/10.25656/01:20228
https://doi.org/10.1026/0049-8637/a000241
https://doi.org/10.1001/jamanetworkopen.2021.11182
https://doi.org/10.1111/emip.12495
https://doi.org/10.1111/emip.12495
https://doi.org/10.3102%2F0013189X20965918

Orbach et al.

Laakso, M.-],, Kaila, E., and Rajala, T. (2018). ViLLE - collaborative education tool:
designing and utilizing an exercise-based learning environment. Educ. Inf. Technol. 23,
1655-1676. doi: 10.1007/s10639-017-9659-1

Lee, Y.-S., Park, Y. S., and Ginsburg, H. (2016). Socio-economic status differences in
mathematics accuracy, strategy use, and profiles in the early years of schooling. ZDM 48,
1065-1078. doi: 10.1007/s11858-016-0783-y

Lee, (2020). Mental health effects of school closures during COVID-19. Lancet Child
Adolesc. Health 4:421. doi: 10.1016/S2352-4642(20)30109-7

Lin, C.-H., Zheng, B., and Zhang, Y. (2017). Interactions and learning outcomes in online
language courses: online interactions and learning outcomes. Br. J. Educ. Technol. 48,
730-748. doi: 10.1111/bjet.12457

Major, L., Francis, G. A., and Tsapali, M. (2021). The effectiveness of technology-
supported personalised learning in low- and middle-income countries: a meta-analysis.
Br. J. Educ. Technol. 52, 1935-1964. doi: 10.1111/bjet.13116

Mergoni, A., Soncin, M., and Agasisti, T. (2022). The effect of ICT on schools’
efficiency: empirical evidence on 23 European countries. SSRN Electron. J. doi: 10.2139/
ssrn.4158314

Ministerium fiir Schule und Bildung des Landes Nordrhein-Westfalen. (2020). Merkblatt
Einstellung in den Vorbereitungsdienst fiir das Lehramt Grundschule zum Available at:
https://www.schulministerium.nrw.de/sevon/2020_1/allgemeineHinweise/
MerkblattGrundschule.pdf (Accessed January 27, 2023).

Ministerium fiir Schule und Bildung des Landes Nordrhein-Westfalen. (2022).
Schulmailarchiv. Available at: https://www.schulministerium.nrw/schulmail-archiv
(Accessed January 27, 2023).

Ministerium fiir Schule und Bildung des Landes Nordrhein-Westfalen. (2023). Leben
und Lernen in der Grundschule Available at: https://msb.broschiiren.nrw/die-grundschule-
in-nrw/leben-und-lernen-in-der-grundschule (Accessed January 27, 2023).

OECD. (2019a). PISA 2018 Results (Volume I): What Students Know and Can Do Paris:
OECD.

OECD. (2019b). PISA 2018 Results (Volume I1): Where all Students Can Succeed. Paris:
OECD.

Parsons, S., and Bynner, J. (2005). Does Numeracy Matter More? National Research and
Development Centre for Adult Literacy and Numeracy.

Porsch, R., and Porsch, T. (2020). Fernunterricht als Ausnahmesituation. Befunde einer
bundesweiten Befragung von Eltern mit Kindern in der Grundschule. doi:
10.25656/01:20229

Psacharopoulos, G., Collis, V., Patrinos, H. A., and Vegas, E. (2021). The COVID-19 cost
of school closures in earnings and income across the world. Comp. Educ. Rev. 65, 271-287.
doi: 10.1086/713540

Ravens-Sieberer, U., Erhart, M., Devine, ., Gilbert, M., Reiss, E,, Barkmann, C,, et al.
(2022). Child and adolescent mental health during the COVID-19 pandemic: results of the
three-wave longitudinal COPSY study. SSRN Electron. J. doi: 10.2139/ssrn.4024489

Ravens-Sieberer, U., Kaman, A., Erhart, M., Otto, C., Devine, J., Loffler, C., et al. (2021).
Quality of life and mental health in children and adolescents during the first year of the
COVID-19 pandemic: results of a two-wave nationwide population-based study. Eur. Child
Adolesc. Psychiatry, 1-14. doi: 10.1007/s00787-021-01889-1

Raw, J. A. L., Waite, P, Pearcey, S., Shum, A., Patalay, P, and Creswell, C. (2021).
Examining changes in parent-reported child and adolescent mental health throughout the
UK's first COVID-19 national lockdown. J. Child Psychol. Psychiatry 62, 1391-1401. doi:
10.1111/jcpp.13490

Ritchie, S. J., and Bates, T. C. (2013). Enduring links from childhood mathematics and
Reading achievement to adult socioeconomic status. Psychol. Sci. 24, 1301-1308. doi:
10.1177/0956797612466268

Schneider, R., Sachse, K. A., Schipolowski, S., and Enke, E (2021). Teaching in times of
COVID-19: the evaluation of distance teaching in elementary and secondary schools in
Germany. Front. Educ. 6:702406. doi: 10.3389/feduc.2021.702406

Schripler, J.-P.,, and Jeworutzki, S. (2021). Konstruktion des sozialindex fiir schulen in
nordrhein-westfalen (bd. 14). Zentrum fiir interdisziplindre Regionalforschung, Ruhr-
Universitit Bochum.

Schuknecht, L., and Schleicher, A. (2020). Digitale Herausforderungen fiir Schulen und
Bildung. 73, 68-70.

Schwippert, K. (2019). Was wird aus den Biichern? Sozialer Hintergrund von Lernenden
und  Bildungsungleichheit ~aus  Sicht der international vergleichenden
Erziehungswissenschaft. doi: 10.25656/01:16789

Schwippert, K., Kasper, D., Kéller, O., McElvany, N., Selter, C., Steffensky, M., et al.
(2020). TIMSS 2019. Mathematische und naturwissenschaftliche Kompetenzen

Frontiers in Education

13

10.3389/feduc.2023.1083074

von  Grundschulkindern in Deutschland im internationalen

‘Waxmann.

Vergleich.

Shemshack, A., and Spector, J. M. (2020). A systematic literature review of personalized
learning terms. Smart Learn. Environ.s 7:33. doi: 10.1186/s40561-020-00140-9

Sirin, S. R. (2005). Socioeconomic status and academic achievement: a meta-analytic
review of research. Rev. Educ. Res. 75, 417-453. doi: 10.3102/00346543075003417

Skryabin, M., Zhang, J., Liu, L., and Zhang, D. (2015). How the ICT development level
and usage influence student achievement in reading, mathematics, and science. Comput.
Educ. 85, 49-58. doi: 10.1016/j.compedu.2015.02.004

Spitzer, M. W. H., and Musslick, S. (2021). Academic performance of K-12 students in an
online-learning environment for mathematics increased during the shutdown of schools in
wake of the COVID-19 pandemic. PLoS One 16:€0255629. doi: 10.1371/journal.pone.0255629

Stebler, R., Pauli, C., and Reusser, K. (2018). Personalisiertes Lernen. Zur Analyse eines
Bildungsschlagwortes und erste Ergebnisse aus der perLen-Studie.

Steinmayr, R., Lazarides, R., Weidinger, A. E, and Christiansen, H. (2021). Teaching and
learning during the first COVID-19 school lockdown: realization and associations with
parent-perceived students’ academic outcomes: a study and preliminary overview.
Zeitschrift fiir Piddagogische Psychologie 35, 85-106. doi: 10.1024/1010-0652/a000306

Stoeger, H., and Ziegler, A. (2011). “Self-regulatory training through elementary-school
students’ homework completion” in Handbook of Self-regulation of Learning and
Performance. eds. B. J. Zimmermann and D. H. Schunk (London: Routledge, Taylor &
Francis Group)

Sun, H.-L., Sun, T,, Sha, E-Y., Gu, X.-Y., Hou, X.-R., Zhu, E-Y,, et al. (2022). The influence
of teacher-student interaction on the effects of online learning: based on a serial mediating
model. Front. Psychol. 13:779217. doi: 10.3389/fpsyg.2022.779217

Thorell, L. B., Skoglund, C., de la Pefia, A. G., Baeyens, D., Fuermaier, A. B. M.,
Groom, M. J,, et al. (2022). Parental experiences of homeschooling during the COVID-19
pandemic: differences between seven European countries and between children with and
without mental health conditions. Eur. Child Adolesc. Psychiatry 31, 649-661. doi: 10.1007/
s00787-020-01706-1

Tondeur, J., van Braak, J., Ertmer, P. A., and Ottenbreit-Leftwich, A. (2017).
Understanding the relationship between teachers’ pedagogical beliefs and technology use
in education: a systematic review of qualitative evidence. Educ. Technol. Res. Dev. 65,
555-575. doi: 10.1007/s11423-016-9481-2

UN General Assembly. (1948). Universal declaration of human rights (217 [III] A)
Available at: http://www.un.org/en/universal-declaration-human-rights/ (Accessed
January 27, 2023).

UNESCO. (2022). Education: From disruption to recovery Available at: https://en.
unesco.org/covid19/educationresponse (Accessed January 27, 2023).

van der Berg, S., Hoadley, U, Galant, J., van Wyk, C., and Bohmer, B. (2022). Learning
Losses from COVID-19 in the Western Cape; Evidence from Systemic Tests. Research on
Socio-economic Policy Stellenbosch: Stellenbosch University.

Van Schoors, R., Elen, ], Raes, A., and Depaepe, F. (2021). An overview of 25 years of
research on digital personalised learning in primary and secondary education: a systematic
review of conceptual and methodological trends. Br. J. Educ. Technol. 52, 1798-1822. doi:
10.1111/bjet.13148

Vasilyeva, E., Puuronen, S., Pechenizkiy, M., and Rasanen, P. (2007). Feedback adaptation
in web-based learning systems. Int. J. Contin. Eng. Educ. Life-Long Learn. 17:337. doi:
10.1504/IJCEELL.2007.015046

Waite, P, Pearcey, S., Shum, A., Raw; J. A. L., Patalay, P, and Creswell, C. (2021). How did the
mental health symptoms of children and adolescents change over early lockdown during the
COVID-19 pandemic in the UK? JCPP. Advances 1:¢12009. doi: 10.1111/jcv2.12009

Wildemann, A., and Hosenfeld, I. (2020). Bundesweite Elternbefragung zu
Homeschooling wahrend der Covid 19-Pandemie Erkenntnisse zur Umsetzung des
Homeschoolings in Deutschland. Institut fiir Bildung im Kindes- und Jugendalter &
Zentrum fiir Empirische Piadagogische Forschung Universitat Koblez-Landau.

Williamson, B. (2021). Education technology seizes a pandemic opening. Curr. Hist. 120,
15-20. doi: 10.1525/curh.2021.120.822.15

Wisniewski, B., Zierer, K., and Hattie, J. (2020). The power of feedback revisited: a meta-
analysis of educational feedback research. Front. Psychol. 10:3087. doi: 10.3389/
fpsyg.2019.03087

Zhang, L., Basham, J. D, and Yang, S. (2020). Understanding the implementation of
personalized learning: a research synthesis. Educ. Res. Rev. 31:100339. doi: 10.1016/j.
edurev.2020.100339

Zheng, L., Long, M., Zhong, L., and Gyasi, J. E (2022). The effectiveness of technology-
facilitated personalized learning on learning achievements and learning perceptions: a
meta-analysis. Educ. Inf. Technol. 27, 11807-11830. doi: 10.1007/s10639-022-11092-7

frontiersin.org


https://doi.org/10.3389/feduc.2023.1083074
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://doi.org/10.1007/s10639-017-9659-1
https://doi.org/10.1007/s11858-016-0783-y
https://doi.org/10.1016/S2352-4642(20)30109-7
https://doi.org/10.1111/bjet.12457
https://doi.org/10.1111/bjet.13116
https://doi.org/10.2139/ssrn.4158314
https://doi.org/10.2139/ssrn.4158314
https://www.schulministerium.nrw.de/sevon/2020_1/allgemeineHinweise/MerkblattGrundschule.pdf
https://www.schulministerium.nrw.de/sevon/2020_1/allgemeineHinweise/MerkblattGrundschule.pdf
https://www.schulministerium.nrw/schulmail-archiv
https://msb.broschüren.nrw/die-grundschule-in-nrw/leben-und-lernen-in-der-grundschule
https://msb.broschüren.nrw/die-grundschule-in-nrw/leben-und-lernen-in-der-grundschule
https://doi.org/10.25656/01:20229
https://doi.org/10.1086/713540
https://doi.org/10.2139/ssrn.4024489
https://doi.org/10.1007/s00787-021-01889-1
https://doi.org/10.1111/jcpp.13490
https://doi.org/10.1177/0956797612466268
https://doi.org/10.3389/feduc.2021.702406
https://doi.org/10.25656/01:16789
https://doi.org/10.1186/s40561-020-00140-9
https://doi.org/10.3102/00346543075003417
https://doi.org/10.1016/j.compedu.2015.02.004
https://doi.org/10.1371/journal.pone.0255629
https://doi.org/10.1024/1010-0652/a000306
https://doi.org/10.3389/fpsyg.2022.779217
https://doi.org/10.1007/s00787-020-01706-1
https://doi.org/10.1007/s00787-020-01706-1
https://doi.org/10.1007/s11423-016-9481-2
http://www.un.org/en/universal-declaration-human-rights/
https://en.unesco.org/covid19/educationresponse
https://en.unesco.org/covid19/educationresponse
https://doi.org/10.1111/bjet.13148
https://doi.org/10.1504/IJCEELL.2007.015046
https://doi.org/10.1111/jcv2.12009
https://doi.org/10.1525/curh.2021.120.822.15
https://doi.org/10.3389/fpsyg.2019.03087
https://doi.org/10.3389/fpsyg.2019.03087
https://doi.org/10.1016/j.edurev.2020.100339
https://doi.org/10.1016/j.edurev.2020.100339
https://doi.org/10.1007/s10639-022-11092-7

	Conditions of distance learning and teaching and their relation to elementary school children’s basic number skills after the suspension of face-to-face teaching during the COVID-19 pandemic
	1. Introduction
	1.1. Basic mathematical skills and distance learning in Germany
	1.2. Research questions in the present study

	2. Materials and methods
	2.1. Participants
	2.2. Procedure
	2.3. Materials
	2.3.1. Distance learning
	2.3.2. Multiple risk factors at home-based learning
	2.3.3. Digital learning environments
	2.3.4. Personalized teaching approaches
	2.3.5. Basic number skills
	2.3.6. Socio-cultural capital
	2.4. Data analysis

	3. Results
	3.1. Home learning conditions and their relation to sociocultural background and basic number skills
	3.2. Multiple risk factors and their relation to basic number skills
	3.3. Impact of distance teaching environments, approaches, and tutoring on the link between risk levels and basic number skills

	4. Discussion
	5. Limitations
	6. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	 References

