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Abstract

The COVID-19 pandemic has confronted mathematics teachers with the challenge of
developing alternative teaching practices—in many cases at a distance through digital
technology—because schools were closed. To investigate what distance practices in
secondary mathematics education have emerged and how teachers experienced them,
we set out online questionnaires in Flanders—the Dutch-speaking part of Belgium—,
Germany, and the Netherlands. The questionnaire focused on teaching practices,
teacher beliefs, didactics, and assessment. Data consisted of completed questionnaires
by 1719 mathematics teachers. Results show that the use of video conferencing tools
increased massively, while the use of mathematics-specific tools that teachers used
before the lockdown reduced substantially. Further findings are that teachers’ confi-
dence in using digital technologies increased remarkably during the lockdown and that
their experiences and beliefs only marginally impacted their distance learning prac-
tices. Also, we observed some differences between the three countries that might be
explained by differences in educational policies and in technological facilities and
support. For future research, it would be relevant to investigate long-term changes in
teachers’ practices, as well as students’ views and experiences related to the teacher’s
practices.
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1 Introduction

Since the spring of 2020, the COVID-19 viral pandemic has drastically disrupted the
international community worldwide. After an initial period of confusion, rapid transi-
tions have taken place in society and economy. The pandemic has also clearly impacted
education, which has been confronted with critical measures such as home confine-
ments in many countries. Schools in many countries have been closed, leaving teach-
ers with the challenge of developing alternative teaching practices, in many cases at a
distance through digital technology. At the time of writing this paper, this process of
developing new teaching practices is ongoing.

Mathematics education, of course, has also been affected by this crisis. Whereas
mathematics teachers in the past may have been reluctant to change their teaching
practices, for example concerning the integration of digital technology, school lock-
downs have thrown them en masse into a steep learning curve on practices for distance
education. Mathematics education having its specific characteristics and demands,
such as an emphasis on interaction and reinvention, and the need for specific represen-
tations like formulas and graphs, it is highly relevant to monitor the first experiences
with the emerging practices in this situation of crisis.

Some recent literature sheds some first light on these emerging practices.
Aldon et al. (2021) showed that mathematics teachers in France, Israel, Italy, and
Germany were facing challenges in teaching at distance with respect to support-
ing students’ learning, developing assessment, supporting students who face diffi-
culties, and exploiting potentialities for fostering typical mathematical processes.
Hodgen and colleagues (Hodgen et al. (2020) interviewed heads of departments in
the UK and found that student—teacher interaction in mathematics teaching at dis-
tance was a concern. Clark-Wilson et al. (2020) claimed that mathematics teachers
in many countries were unprepared for online teaching. The Nesta (2020) report
suggested that COVID led to continuing and even widening gaps between students
in terms of their engagement and access to technology. Overall, there is a con-
cern of students’ learning loss (Engzell et al., 2020), and recent policy documents
highlight the need for new teaching structures, practices, and advocacy in math-
ematics education (NCSM & NCTM, 2020).

Still, much remains unknown about the mathematics teaching practices that have
emerged in times of school closure. The topic at stake in the study presented here,
therefore, is what distance teaching practices in mathematics have emerged in the
spring 2020 period of school lockdown and how teachers experienced these drastic
changes; a topic that is highly relevant to educators, researchers, and policy makers,
also in the light of possible future pandemics. In particular, we wanted to investigate
the emerging practices of mathematics education at distance, the relationship between
these practices and teachers’ beliefs on mathematics teaching and learning, the impact
of distance education on didactical approaches to mathematics, and emerging assess-
ment practices.

We investigated these topics through a theory-based online questionnaire
among mathematics teachers in three neighboring, Western-European countries
or regions in which schools closed in spring 2020: Flanders—the Dutch-speaking
part of Belgium—Germany, and the Netherlands. In what follows, we describe
the theoretical background, the setup and the administration of the questionnaire,
and its results.
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2 Theoretical background

In the conception phase of this study, we identified four perspectives that, in interplay, may
be helpful in describing a teacher’s preparation and delivery of teaching practices at dis-
tance: (1) instrumental orchestration as a means to capture the way teaching practices are
set up, (2) the teacher’s beliefs on mathematics education and the role of digital technology
in it, (3) the teacher’s didactical ideas on how and what to teach, and (4) the opportuni-
ties for formative and summative assessment. Therefore, the theoretical background of the
study includes these four perspectives to describe and understand the teaching practices.
Below, we address each of these perspectives in more detail.

2.1 Instrumental orchestration

Instrumental orchestration, the first theoretical lens, acknowledges that learning and teaching
mathematics with and through technology requires a rethinking and a re-arrangement
of traditional teaching formats. As such, it can be used to identify and describe teaching
practice. Stein and colleagues describe orchestrations that focus on productive mathematical
discussions (Stein et al., 2008), which might be challenging to set up in education at distance.
Bozkurt and Ruthven (2018) particularly address activity structures in mathematics teaching
while using digital technology. Recently, NCSM and NCTM (2020) provide guidelines for
teaching practices for the case of distance education in times of COVID-19.

An instrumental orchestration (I0) is defined as the teacher’s intentional and sys-
tematic organization and use of the various artifacts available in a—in this case com-
puterized—Ilearning environment in a mathematical task situation (Trouche, 2004).
We distinguish three elements within an instrumental orchestration: a didactical con-
figuration, an exploitation mode, and a didactical performance (Drijvers et al., 2010).
A didactical configuration is an arrangement of artifacts in the environment, a config-
uration of the teaching setting, and the artifacts involved in it (Drijvers et al., 2020).
An exploitation mode is the way the teacher decides to exploit a didactical configu-
ration for the benefit of the didactical intentions. A didactical performance involves
the ad hoc decisions taken while teaching on how to perform in the chosen didactical
configuration and exploitation mode.

In this study, we used the IO model in the design of questionnaire items on the emerging
teaching practices, from a didactical configuration perspective (“how to set up the teach-
ing”), and an exploitation mode perspective (“how to use the setting”). Seen from this the-
oretical lens, we conjecture that teachers in the school lockdown period would set up new
configurations and exploitation modes.

2.2 Teacher beliefs

Teachers’ instrumental orchestrations of digital technology are closely associated with their
beliefs (Thomas & Palmer, 2014), which is the second theoretical lens of the study. Beliefs
can be described as “psychologically held understandings, premises, or propositions about
the world that are thought to be true” (Philipp, 2007, p. 259). Teachers’ beliefs impact on
their practices, as they filter and frame, provide an orienting and guiding function, and
connect knowledge and action (Fives & Buehl, 2012). Therefore, teachers who believe in
the value of digital technology for teaching and learning process are more likely to incor-
porate technology into their practice (Ertmer & Ottenbreit-Leftwich, 2010). In addition,
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teachers need self-efficacy beliefs for teaching with digital technology (Thomas & Palmer,
2014; Thurm & Barzel, 2019), described as “beliefs in one’s capabilities to organize and
execute the courses of action required to produce given attainments” (Bandura, 1997, p.
3). Teachers’ high self-efficacy beliefs are associated with incorporating digital technol-
ogy and holding more positive beliefs about its value for teaching mathematics (Thomas &
Palmer, 2014; Thurm & Barzel, 2019).

Teacher beliefs can vary in strength and are part of a dynamic belief system (Philipp,
2007). Strongly held beliefs usually have been shaped over a long period of time and are
grounded in substantial personal experience. Changing such beliefs is considered difficult.
New personal experiences are the strongest impetus for change in teachers’ beliefs. For
example, teachers’ self-efficacy for teaching mathematics with technology may change
through the experience of being able to successfully implement digital technology in their
classroom (Ertmer & Ottenbreit-Leftwich, 2010).

Most studies so far have addressed teacher beliefs in classical teaching settings (e.g., Pierce
& Ball, 2009; Thurm, 2018). In the study presented here, we focused on teacher beliefs about
mathematics distance education. Because many teachers were pushed into distance learning,
and their beliefs about distance learning were not yet deeply rooted, we expected changes in
beliefs due to their distance teaching experiences. We conjectured that the type of change
(more positive or more negative) might depend on factors such as school support, technical
infrastructure, previous experience with digital technology, and frequency of online distance
teaching. These ideas are reflected in the questionnaire items on teacher beliefs.

2.3 Didactical approaches to distance mathematics education

The third theoretical lens guiding this study concerns didactical approaches to (distance)
mathematics education. Many teachers, educators, and researchers share the view that the
goals of mathematics education go beyond training basic procedural skills and include
higher-order competences such as mathematical thinking, conceptual understanding,
and processes such as problem solving, modeling, and reasoning. To address these
competences, different didactical approaches have been suggested. Freudenthal (1991)
suggested guided reinvention as an underlying principle of a Realistic Mathematics
Education approach. More recently, inquiry-based learning (IBL) was developed as a
means to focus on these higher-order learning goals. IBL refers to a teaching approach
in which students work at their level of competence “to do inquiry” in unstructured
problem situations (Swan et al., 2013). In contrast to direct instruction, the IBL-approach
allows students to take responsibility for their learning as they work individually or in
groups while developing new mathematical insights (Barzel, 2005). Authentic problem
situations may be used to invite students’ engagement in modeling processes.

Many of these didactical approaches are student-centered and ask for interactive teach-
ing formats, in which the role of the teacher is not straightforward, since results of students’
inquiry can be quite diverse, and unexpected classroom situations may arise (Dobber et al.,
2017). The teacher should ensure, using a variety of solutions to open and model-eliciting
tasks, to foster a shared understanding of general mathematical concepts and procedures,
which is not an easy task (e.g., Doorman, 2019; Gravemeijer, 2004).

Distance teaching may limit student and teacher interaction, and, for example, the
opportunities to observe students’ work to notice potentialities (Stillman, 2019). In online
settings, the teacher’s guidance is limited, or at least teachers are hardly experienced in
exploiting the potential of open-ended tasks and guidance-related challenges in online
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environments. Therefore, we used the above theories on new didactical approaches in the
study presented here as a lens to find out whether teachers in the situation of distance edu-
cation have changed their didactical approach and focused on procedural basic skills and
practices rather than on higher-order learning goals.

2.4 Assessment

The fourth theoretical lens, assessment, has always been a topic of interest to both teach-
ers and students. Traditionally, summative assessment, which includes high-stakes tests in
which student learning and skill acquisition are evaluated, is considered highly relevant.
More recently, formative assessment, which concerns the response “on the fly” to student
processes to enhance further learning, receives much attention as well (e.g., see Wiliam,
2011). Both summative and formative assessments are at the heart of teachers’ practices
and are subject to changes if face-to-face education changes into distance education.

Stacey and Wiliam (2013) distinguished two types of technology-rich summative assessment,
which Drijvers et al. (2016) labeled “assessment with technology” and “assessment through
technology.” In assessment with technology, the test may have a traditional paper-and-pen format,
but additional use of technology, such as a calculator, is included. In such cases, the technology
serves as an add-on to the traditional assessment setting. In assessment through technology,
however, the test is delivered and administered through technological means. Technology
is the vehicle and provides the environment in which the assessment takes place. Online tests
are a typical example of assessment through technology. Whereas mathematics teachers
may be experienced in summative assessment with technology—using a calculator during an
examination is quite common—we conjecture that they may be less familiar with assessment
through technology, which might be a natural option in the distance education scenario.

For technology-enhanced formative assessment, the following key strategies have
been identified (Ruchniewicz & Barzel, 2019; Wiliam & Thompson, 2008): clarifying
learning intentions, engineering classroom discussion & learning tasks that elicit student
understanding, providing feedback to move learners forward, activating students as resources
for one another, and activating students as owners of their learning. We conjectured that
teachers might be hindered in using these strategies to provide formative feedback to their
students by the limited means of communication available in the technological environments.

2.5 Research questions

Responding to the challenges that mathematics teachers in our countries have been facing
recently, the study’s central research question is: Which distance teaching practices in sec-
ondary mathematics education have emerged in Flanders, Germany, and the Netherlands in
the spring 2020 period of school lockdown and how have teachers experienced them?

In a one-to-one correspondence to the four theoretical perspectives addressed above, we
phrased the following sub-questions, each with some hypotheses.

1. Which distance teaching practices do mathematics teachers shape, and how do they
experience them?

The instrumental orchestration model highlights the intertwinements of opportu-
nities and constraints of the technological infrastructure and support on the one
hand, and the didactical configurations and the exploitation modes that teachers
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enact. Therefore, we would expect a correlation between infrastructure level and,
for instance, the use of synchronous or asynchronous orchestrations.

2. How do emerging teaching practices relate to mathematics teachers’ beliefs?

We conjecture that emerging teaching practices relate to the teachers’ beliefs, and
to their confidence in and experience with using digital technology in their teach-
ing. In particular, a positive attitude towards digital technology in mathematics
teaching is expected to become even more positive.

3. Which didactical approaches arise during the distance mathematics education?

In line with past experiences (e.g., see Rudd, 2007, on the integration of inter-
active whiteboards), we expect teachers to focus on “safe and easy” approaches
to their teaching, that is, to rehearsing and practicing mathematical procedures,
rather than to focus on higher-order learning goals such as mathematical under-
standing, and on new mathematical topics.

4. What assessment formats are used and what are their opportunities and limitations for
teachers?

In terms of the summative-formative dimension and the with-through distinction,
we expect teachers to feel somewhat hindered in providing formative feedback to
their students through digital means because of the limited means of communica-
tion, and to struggle with formats for summative assessment through technology.

Of course, the four perspectives described above act in interplay. We conjectured that
school infrastructure and support might relate to the use of (a)synchronous orchestrations,
as synchronous formats put more demands on technological infrastructure. Also, we
expected a relationship between teachers’ beliefs and confidence on the one hand, and their
use of synchronous teaching formats and their didactical approaches on the other: would
it not seem likely that a high level of confidence helps in setting up more challenging
orchestrations involving new mathematical topics, conceptual understanding, and
student—teacher interaction?

3 Methods

To address the above research questions, we set up an online questionnaire in Flanders (FL),
Germany (GE), and the Netherlands (NL) among mathematics teachers in secondary education,
as we considered this to be the most feasible and efficient way to attract a large number of
respondents. Through describing and comparing the responses in the three countries and
regions—from now on just called “countries”—we wanted to answer the research questions.
We also administered a similar questionnaire among these teachers’ students; in this paper, we
only report on the teachers’ responses.

3.1 Research context in the three participating countries
We chose to include these three countries in our study because of their interesting simi-

larities and differences. As for the similarities, Flanders, Germany, and the Netherlands are
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March 15 March 24

........... (National) restrictions on teaching and grading

Apri 28
Fig. 1 Timeline for school lockdown and questionnaires in 2020 in the three countries

adjacent countries in Western-Europe and share an educational system of primary and sec-
ondary school, where the latter includes students of 1218, or in Germany 10-18-year-old.
The three countries also have had quite similar COVID-19 pandemic restriction policies.
In particular, all three took the political decision to close secondary schools on March 15,
2020, until early June (see Fig. 1).

Despite these common characteristics of the three geographically close countries, there
are important institutional differences. Whereas Flanders and the Netherlands each have a
nationwide educational system, Germany’s federal structure includes sixteen states (the so-
called Bundeslinder), each with its own educational system. In at least some of them, the
local ministries of education suggested the teachers to focus on rehearsing and practicing
during the closing of schools. Furthermore, in some German states, students’ performance
during school closure could not be used for grading purposes. In Flanders, teachers were
obliged to rehearse already seen content until the Easter holidays (19th of April). After the
Easter holidays, schools were encouraged to start providing new materials to students. As
Flemish education is organized in a decentralized way, schools could decide freely whether
they would re-open at the end of May and if and how they would organize final exams. In
the Netherlands, the ministry of education decided that national central final examinations
(CE) would be canceled, and that students would receive their secondary school diploma
based on previously administered school-based assessments.

3.2 Instrument development: the questionnaire

The study’s main instrument was a questionnaire for mathematics teachers. As a conse-
quence, the study is based on teachers’ self-reports. We designed the questionnaire in Eng-
lish and translated it into German and Dutch. Although Dutch is spoken in the Netherlands
as well as in Flanders, the questionnaires were localized according to differences in avail-
able technology, in commonly used vocabulary, et cetera. Despite these localizations, we
carefully maintained the common meaning of questionnaire items. Appendix 1 shows the
English version of the questionnaire, after the deletion of items that, for instance, concern
the consent to participate.

For each of the four research perspectives reflected in the sub-questions—practices,
beliefs, didactics, and assessment—we designed questionnaire items. Appendix 2 (Table 9)
shows an overview of the questionnaire items and their correspondence to the research sub-
questions. As we aimed to get a global picture of all these aspects and in the meantime
would not want to ask too much of the respondents’ time to fill in the questionnaire, many
of the topics are addressed in only one item. As item types, we used multiple-choice, multi-
ple-response, Likert-type items, slider bars, and open response items. Most items referring
to teachers’ confidence had a 0—100 scale format, as recommended by Bandura (2006).
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As a questionnaire for this pandemic situation did not exist, we designed its items, based
on the literature referred to in Sect. 2, which was expected to provide content validity. In
addition, an earlier version of the questionnaire was piloted among a limited number of
teachers in the three participating countries, and the feedback led to clarifications in the
final version.

3.3 Questionnaire administration

The questionnaire was implemented in Qualtrics,' a system that allows for digitally sign-
ing for consent. The study setup was approved by Utrecht University’s Science-Geo Ethics
Review Board (for German and Dutch data) and the University of Antwerp’s Ethics Com-
mittee for the Social Sciences and Humanities (for Flemish data). Overall guidelines for
privacy and data management were respected.

The online questionnaire was released on April 28, 2020, in Germany and the
Netherlands, and on May 18, in Flanders, and was closed in all countries on June 1
(see Fig. 1). The invitation to take part was communicated to mathematics teachers
through professional online newsletters, direct mails to members of associations of
mathematics teachers, dedicated social media groups, teacher association websites,
messages to school principals, et cetera. As a minor incentive, teachers were prom-
ised to receive a report on the findings through email after their participation and
our data analysis.

3.4 Participants

In total, 2616 teachers responded to the invitation to fill in the questionnaire. However, only
1719 of them (about two-third) finished the questionnaire, in the sense that they opened the
final item—which does not imply that all items are answered. As many of the items in the
uncompleted questionnaires were not answered, we decided to only include and analyze
the 1719 finished ones. Because of the voluntary participation of the teachers, results need
to be interpreted with caution as they might not be representative for all the mathematics
teachers in each country. Based on responses to items on teachers’ beliefs, it seems that
teachers who are enthusiastic about their new teaching practices might be over-represented.
Still, the topic of how to teach in the lockdown situation was such an important issue to
teachers that we expect that teachers who felt badly about it also shared their experiences,
which was reflected in some of the responses.

Of the 1719 included responses, 384 (22%) came from Flanders, 1131 (66%) from Ger-
many, and 204 (12%) from the Netherlands. Relative to the countries’ populations (6.6 M
for FL, 17.3 M for NL, and 83.0 M for GE), Flanders has the highest response. Table 1
provides information on the gender distribution of the included respondents. The majority
of the teachers is female, which seems to reflect the gender ratio of secondary mathematics
teachers nationwide in Flanders (68%), of all secondary teachers in Germany (50%), and to
a lesser extent for the Netherlands, where 42% of the mathematics teachers nationwide is
female. Overall, the Dutch respondents (mean age of 48.6 year) are slightly older than their
Flemish (44.0) and German (42.3) colleagues.

! www.qualtrics.com
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T?blﬂ R sp ondents’ ,gf,md?r Gender Flanders Germany The Netherlands Total

distribution in the participating

countries Female 287 (75%) 637 (56%) 113 (55%) 1037 (60%)
Male 96 25%) 485 (43%) 90 (44%) 671 (39%)
Other 1 (0%) 2 (0%) 0 (0%) 3 (0%)
Missing 0 (0%) 7 (1%) 1 (1%) 8 (1%)
Total 384 (100%) 1131 (100%) 204 (100%) 1719 (100%)

3.5 Data analysis

After the online questionnaire was closed, data from the three countries were merged,
anonymized, and exported to SPSS. As a first step in the data analysis, we addressed each of the
four perspectives and the corresponding research sub-questions (see the Table 9 in Appendix 2).

As most topics were addressed in just one item, we carried out an item-by-item analysis.
Conceptually, a single item “lends itself to absolute clarity and transparency about what
is being measured” (Postmes et al., 2013, p. 598). Research has shown that single-item
measures can have reasonably high reliabilities, depending on the nature of the construct
operationalized (Postmes et al., 2013; Wanous & Hudy, 2001). The item-by-item analyses
initially concentrated on describing and exploring the data. The intermediate results were
shared and discussed in regular video conferences with the whole team. Some items were
recoded. To allow for comparison with non-Likert items, we dichotomized responses to
some of the Likert-type items. For example, responses to item T3 on tools used before
lockdown were recoded into users (responses “twice per month,” “once per week,” “daily”)
and non-users (responses “not” and “once”), to facilitate comparison with the responses to
item T4 on practices during lockdown. Also, a variable T3_Total was created as an indi-
cator of overall mathematical tool use. To enable comparison between T20 and T21 on
changes in confidence in distant formative assessment practices, we rescaled T21’s scores
into percentages.

Next, correlations were calculated for items within these themes, to check out the initial
hypotheses phrased in Sect. 2.5. In line with recommendations from literature, and because
the Likert data showed many ties, we used Kendall’s Tau-b to measure ordinal correlations
(Croux & Dehon, 2010). Even if correlation values should be interpreted in context, as an
overall starting point, we considered Tau-b values of 0.2 or higher as suggesting a moder-
ate but relevant relationship (for a comparison, see Akoglu, 2018). Finally, we carried out
some cross-over analyses involving the four different perspectives to identify correspond-
ences across them.

4 Results

In this section, we summarize the main results according to the four research sub-questions
on teaching practices, teacher beliefs, didactics, and assessment. In Sect. 4.5, we present
the results across these perspectives to answer our initial hypotheses.
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4.1 Teaching practices at a distance

To describe the teaching practices in times of school lockdown, we distinguish how the
teachers set up their teaching (cf. the didactical configuration in the IO model) and the
ways in which they used this setup (cf. the IO exploitation mode).

To get more insight into how teachers set up their distance teaching, we asked them how
they delivered their math teaching before and since the schools were closed (questionnaire
items T3 and T4). Of the German teachers, 3% indicated they did not teach anymore since
the school lockdown. In Flanders and the Netherlands, all respondents were still teaching.
Table 2 shows which tools were used for delivering the teaching in each country before and
since school closure. For each item, the percentage of teachers who use the tool is reported.

In each of the three countries, math teachers indicate a strong increase in the use of
video conferencing software, but to a lesser extent in Germany than in Flanders and the
Netherlands. In Flanders, and to a lesser extent in Germany and the Netherlands, there is
also a big increase in the use of homemade video clips. After the schools were closed,
online learning environments (e.g., Desmos, DWO, GeoGebra Books, GeoGebra Tube,
Math4All) and audience response systems (e.g., Socrative, Mentimeter, Kahoot!) have
been used less in the three countries.

When it comes to the use of online exercise platforms, online video clips, social media,
and learning management systems, some discrepancies between the countries can be noted.

e The use of online exercise platforms (e.g., AlgebraKit, Bettermarks, DWO, Sowieso,
software from the textbook publishing company) decreased remarkably in the Nether-
lands and Flanders while it slightly increased in Germany.

e The use of already available online video clips increased the most in Flanders, where
online video clips had been used only rarely before the pandemic. An increase can also
be observed for Germany, while no important change was observed for the Netherlands.

e Social media use for mathematical learning decreased in Flanders and the Nether-
lands whereas it slightly increased in Germany. The use of learning management sys-
tems increased in Flanders and Germany while it dropped in the Netherlands, probably
because learning management systems had been used by a wide group of teachers in the
Netherlands already before the crisis (94%).

Table 2 Delivery tools before and since school lockdown in the participating countries (items T3 and T4,
N=1719)

Flanders (n=384) Germany (n=1131) The Netherlands
(n=204)

Before Since Before Since Before Since
Video conferencing software 4% 87% 2% 56% 3% 97%
Social media 12% 6% 5% 9% 12% 7%
Learning management system 57% 68% 31% 56% 94% 75%
Online video clips 27% 41% 52% 61% 60% 59%
Online exercise platforms 37% 19% 14% 19% 35% 14%
Online learning environments 55% 25% 49% 26% 50% 16%
Homemade video clips 11% 67% 8% 33% 14% 28%
Audience response systems 27% 13% 19% 10% 35% 27%
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Never

Only once
M About once a month
M About twice a month
M About once a week
W Multiple times a week

Percent

Flanders Germany The Netherlands
(n=384) (n=1093) (n=203)
Country

Fig.2 Frequency of contact with students via synchronous formats (item T5_1, N=1680

When it comes to delivery through asynchronous teaching formats (e.g., forum, send-
ing out exercises via mail), the majority of the teachers (FL: 84%, GE: 92%, NL: 72%)
used asynchronous formats weekly after the schools closed. However, the use of syn-
chronous formats (e.g., video conferencing, simultaneous working with students in a
shared document, live chats) differed between the countries (see Fig. 2). Remarkably,
almost one-third of the German teachers (31%) did not use synchronous formats, com-
pared to 9% in Flanders and 3% in the Netherlands. Only 47% of the German teachers
used them every week, compared to 82% of the Flemish and 94% of the Dutch teachers.
The use of asynchronous practices per country is shown in Fig. 3.

100 Never

Only once
M About once a month
M About twice a month
M About once a week
M Multiple times a week

80

60

Percent

40

20

Flanders Germany The Netherlands
(n=384) (n=1116) (n=193)
Country

Fig. 3 Frequency of contact with students via synchronous formats (item T5_2, N=1693)
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Fig.4 Type of activity during video conferencing lessons (item T8, N=1706)

Most Flemish mathematics teachers (65%) used Smartschool Live, local software
available to nearly all schools (item T6) as a video conferencing system to connect with
students. In the Netherlands, almost two-thirds (65%) of the mathematics teachers used
Microsoft Teams. In Germany, various systems were used such as Microsoft Teams
(14%), Zoom (13%), and Jitsi (10%).

For item T7, the majority of the teachers in the Netherlands prepared mathematics
lessons at distance by setting up groups for video conferencing (73%), setting up rules for
behavior (66%), and giving instructions on how to use the platform (61%). In Flanders,
most teachers gave instructions (64%) and set up rules for behavior (53%), and 50% of
the Flemish mathematics teachers set up groups for video conferencing. As 40% of the
German teachers did not have distant mathematics lessons yet, the overall percentages
are lower here: 43% set up rules for behavior, 42% gave instructions on how to use the
platform, and 41% set up groups for video conferencing.

As a next step, we investigated how teachers used the video conferencing
environment during teaching. Figure 4 summarizes the results of item T8. In the three
countries, video conferencing lessons are mainly used for answering questions (FL:
91%, GE: 58%, NL: 96%), giving lectures to explain mathematical topics (75%, 39%,
90%, resp.), showing solutions to tasks (59%, 42%, 73%, resp.), asking to use online
content (41%, 26%, 66%, resp.), and speaking with students about their progress and
their way of working (61%, 35%, 62%, resp.). Activities such as students showing and
presenting their work (8%, 21%, 18%) and engaging students in group work (6%, 8%,
10%) are sparse. Once more, the overall percentages for Germany are low here due to
the number of German teachers who did not have video conferences so far.

To summarize the findings on teacher practices, the main result is a drastic increase of
the use of synchronous formats such as video conferencing (in Germany to a more limited
extent), and a decrease in the use of mathematical tools embedded in online exercise plat-
forms and learning environments, as well as of social media.
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4.2 Teacher beliefs

As a starting point to consider teachers’ beliefs, item T1 in the questionnaire asks to what
extent teachers like working with technology. Item T14 concerns their beliefs on how
mathematics education at a distance provides opportunities for specific learning practices.
We focused on the following practices: teaching algorithms (T14_1), focusing on math-
ematical concepts (T14_2), focusing on argumentation and reasoning (T14_3), working
with complex mathematical tasks (T14_4), letting students discover mathematics on their
own (T14_5), and letting students learn from their own mistakes (T14_6). In addition,
one item referred to teachers’ beliefs about digital assessment (T18) and how much these
beliefs changed (T19). Furthermore, teachers were asked about their confidence in using
digital technology before the closing of schools (T9), their current confidence (T10) and
their confidence for using digital formative assessment formats (T20), and the respective
change of this confidence (T21). Table 3 gives an overview of the results on these items.

In general, teachers stated that they liked working with technology (T1), and this opin-
ion correlated positively with their confidence (T9): 7=0.42. Teachers’ confidence before

Table 3 Mean results on items related to teacher beliefs

Item # Flanders Germany The Netherlands ~ Total
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
N N N N
Beliefs
T14_1: algorithms 4.13 (1.43) 4.09 (1.55) 4.14 (1.53) 4.11 (1.52)
384 1110 203 1697
T14_2: mathematical concepts 3.81(1.33) 3.19 (1.45) 3.66 (1.49) 3.38 (1.46)
384 1112 204 1700
T14_3: argumentation and 3.15(1.45) 2.80 (1.43) 3.17 (1.39) 2.92 (1.44)
reasoning 384 1115 202 1701
T14_4: complex mathematical-  2.62 (1.31) 2.58 (1.41) 2.83 (1.50) 2.62 (1.40)
tasks 384 1115 202 1701
T14_5: discover mathematics on 4.22 (1.33) 3.72 (1.52) 3.67 (1.49) 3.82 (1.49)
their own 384 1122 203 1709
T14_6: learn from own mistakes 4.16 (1.31) 3.42 (1.48) 3.65 (1.43) 3.61 (1.47)
384 1118 203 1705
T18: digital assessment can 4.20 (1.34) 4.41 (1.33) 3.46 (1.53) 4.25(1.39)
enhance student learning 384 1119 202 1705
T19: change of T18 3.94 (1.14) 391 (1.11) 3.11 (1.25) 3.82 (1.16)
384 1091 202 1677
Confidence
T9: using digital technology 54.30 (22.15) 58.55 (25.13) 58.33 (22.61) 57.57 (24.25)
before 384 1121 203 1708
T10: using digital technology 75.39 (15.74) 71.35 (21.59) 77.48 (15.42) 72.98 (19.89)
now 384 1130 204 1718
T20: using digital formative 45.56 (28.15) 53.70 (27.26) 42.95 (28.01) 50.60 (27.87)
assessment formats 384 1099 192 1675
T21: confidence change (rescaled 54.84 (23.16) 60.24 (23.61) 4420 (24.11) 57.08 (24.13)
to %) 384 1087 200 1671

T14, 18, 19, 21 on a 1-6 Likert item, e.g., ranging from “Strongly disagree” to “Strongly agree” (see
Appendix 1); items T9, 10, 20 on a 1-100 scale
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and during lockdown increased from 58 (T9) to 73 (T10) on a scale ranging from O to
100 and the two correlated (z=0.60). In particular, of the teachers who were not confident
before the schools closed (30% of the sample, scoring less than 50 on T9), 69% indicated
being confident during the school closures (T10>50). Furthermore, teachers were quite
positive on distance learning supporting teaching algorithms (T14_1) and providing means
to make students discover mathematics on their own (T14_5). However, teachers were
more negative about the opportunities of distance learning for teaching complex mathemat-
ical tasks (T14_4). Teachers’ confidence in using digital technology clearly increased dur-
ing the closing of the schools (T9-T10). Their confidence on using digital formative assess-
ment formats, however, was not very high (T20), and—even more important—increased
only to a limited extent (T21).

Country differences appeared: German teachers were less positive about distance learn-
ing, particularly for teaching mathematical concepts (T14_2) and argumentation and
reasoning (T14_3). In addition, the confidence for using digital technology (T9, T10) of
German teachers did not increase as much as in Flanders and the Netherlands. However,
German teachers were particularly confident in using digital formative assessment for-
mats (T20). To summarize, the findings suggest positive changes in teachers’ beliefs and
confidences.

4.3 Didactical approaches to distance mathematics education

Questionnaire items T13, T16, and T17 concerned the teachers’ didactical approaches.
Item T13 asks if mathematics teaching in times of school closure focused on rehearsing and
practicing (T13_1), new topics (T13_2), conceptual understanding (T13_3), procedures
and algorithms (T13_4), argumentation and reasoning (T13_5), and authentic complex
tasks and modeling (T13_6). The results (see Table 4) show that teachers report paying

Table 4 Mean results on the focus in mathematics teaching during lockdown per country (item T13)

Item Flanders Germany The Netherlands Total
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
n n n n
T13_1: Rehearsing practicing 2.83 (1.55) 4.03 (1.56) 1.76 (1.05) 3.49 (1.71)
384 1118 204 1706
T13_2: New topics 5.29 (0.84) 4.22 (1.38) 5.07 (1.01) 4.56 (1.33)
384 1128 204 1716
T13_3: Conceptual understanding 4.51 (1.21) 3.62 (1.42) 4.27 (1.22) 3.90 (1.41)
384 1106 202 1692
T13_4: Procedures, algorithms 3.95(1.41) 3.97 (1.41) 3.79 (1.44) 3.94 (1.41)
384 1104 202 1690
T13_5: Argumentation reasoning 2.89 (1.49) 2.81 (1.35) 3.30 (1.30) 2.89 (1.39)
384 1109 202 1695
T13_6: Authentic complex tasks 2.13 (1.32) 2.32 (1.32) 2.26 (1.32) 2.27 (1.32)
384 1099 202 1685

Item on a 1-6 Likert scale, ranging from “Strongly disagree” to “Strongly agree” (see Appendix 1)
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Fig.5 Agreement with the statement “In times of school closure, my math lessons focus on rehearsing and
practicing topics that the students already knew” (item T13_1, N=1706)

attention to rehearsing, practicing, procedures, and algorithms (T13_1 and T13_4). In the
meantime, they also claim a focus on new topics and conceptual understanding (T13_2
and T13_3). Finally, attention to argumentation and reasoning (T13_5) and authentic com-
plex tasks (T13_6) is limited. However, we do not know whether this limited attention is a
change compared to regular practices before school lockdown.

Table 5 Mean results on interaction formats in mathematics teaching during lockdown (item T16)

Item# Flanders Germany The Netherlands Total
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
n n n n
T16_1: Learning intentions 3.53 (1.60) 3.86 (1.60) 3.64 (1.77) 3.76 (1.63)
384 1114 204 1702
T16_2: Discussions and tasks 4.22(1.47) 294 (1.77) 4.14 (1.57) 3.37 (1.78)
384 1111 203 1698
T16_3: Feedback 5.07 (0.91) 4.52 (1.43) 4.89 (1.20) 4.69 (1.32)
384 1117 202 1703
T16_4: Peer instruction 3.08 (1.88) 2.75 (1.80) 3.02 (1.87) 2.86 (1.83)
384 1099 201 1684
T16_5: Self-checking 5.23(1.03) 5.02(1.16) 5.52 (1.00) 5.13(1.13)
384 1117 202 1703
T16_6: Formative assessment 3.68 (1.58) 3.33(1.72) 3.06 (1.73) 3.38 (1.70)
384 1110 202 169

Item on a 1-6 Likert scale, with options Never, Only once, About once a month, About twice a month,
About once a week, Multiple times a week (see Appendix 1)
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Fig.6 Frequency of discussions and learning tasks that elicit evidence of student understanding (item
T16_2, N=1698)

The results on T13_1 show a remarkable difference between Germany and the other
two countries (see Fig. 5). German teachers report more focus on rehearsing and practicing
than their colleagues in other countries. An explanation might be the guidelines provided
by some German ministries to do so (see Sect. 3.1).

Item T16 investigates interactive formats used in the distant mathematics lessons, and in
particular learning intentions and success criteria (T16_1), discussions and tasks (T16_2),
feedback (T16_3), peer instruction (T16_4), self-checking (T16_5), and adapting teaching
to formative assessment (T16_6). The mean values in Table 5 suggest that the interactive
practices did occur on a more or less regular basis, but that giving peers a role in the learn-
ing process was only exploited to a limited extent.

These findings hold for all countries, with the practice of having discussions and tasks
to foster conceptual understanding as an exception (T16_2): Fig. 6 shows that German
teachers paid little attention to this, probably caused by the limited use of synchronous
video conferencing in Germany (see Sect. 4.1).

Quite some attention is spent on activating students as responsible for their learning
(Wiliam & Thompson, 2008), especially in the Netherlands (T16_5). However, teachers
relatively seldom adapt their own teaching based on the results of formative assessments
(T16_6).

To summarize the results on the didactical approach to distance mathematics teach-
ing, the initial hypothesis that teachers would focus on procedures and algorithms and on
rehearsing and practicing skills is not confirmed, even if there are some indicators in this
direction, in particular for the case of assessment. There is little attention for argumenta-
tion and reasoning, and for authentic, complex tasks. Some results suggest that the lim-
ited means for interaction through digital technology may hinder didactical approaches,
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probably mostly in countries where video conferencing is not used frequently, like
Germany.

4.4 Assessment

Item T15 asks for the methods the teachers used to keep track of the mathematical learning
and as such refers to formative assessment. The following methods are included: gathering
written results (T15_1), live questions during video conferences (T15_2), live chat during
video conferences (T15_3), assessment questions in the schools’ learning management sys-
tem (T15_4), online learning environments (T15_5), commercial tutorial systems (T15_6),
and audience response systems (T15_7). Table 6 summarizes the results.

The most common method of assessment is gathering results from students (e.g.,
via email or a cloud system like Dropbox). A less frequently used approach was to
keep track of students” mathematical learning using assessment items in the schools’
learning management system or using live questions during a video conference
(either verbally or using the chat window). Even more rare was the use of online
learning environments, commercial tutorial systems, or audience response systems.
Not surprisingly, formative assessment through video conferencing was used much
less by German teachers, compared to their Flemish and Dutch colleagues.

Item T17 investigates didactical aspects of assessment, and specifically addresses
procedures and algorithms (T17_1), conceptual understanding (T17_2), argumenta-
tion and reasoning (T17_3), and authentic, complex tasks and modeling (T17_4).
The results, shown in Table 7, are in line with the findings for item T13 on similar
sub-items for teaching: teachers report paying attention to both procedures and algo-
rithms, and to conceptual understanding in their assessment, even if the first seems to
gain some more attention than the latter, and in assessment less than in teaching (item

Table 6 Mean results of methods of formative assessment (item T15)

Item# Flanders Germany The Netherlands ~ Total
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
n n n n
T15_1: Results through email 5.08 (0.97) 4.19 (1.70) 3.27 (1.96) 4.28 (1.68)
382 1102 202 1687
T15_2: Live questions in video confer- 4.75 (1.56) 3.19 (2.02) 4.78 (1.61) 3.74 (2.02)
ence 382 1097 203 1682
T15_3: Chat window in video confer-  4.04 (2.01) 2.49 (1.95) 3.96 (2.09) 3.03 (2.11)
ence 378 1072 200 1650
T15_4: Assessment questions in LMS ~ 4.79 (1.37) 3.63 (2.14) 3.41 (2.03) 3.87 (2.04)
382 1098 202 1682
T15_5: Online learning environment 2.16 (1.63) 1.79 (1.44) 1.78 (1.46) 1.87 (1.49)
379 1068 201 1648
T15_6: Tasks in tutorial system 1.79 (1.41) 1.76 (1.53) 1.96 (1.68) 1.79 (1.52)
379 1079 201 1659
T15_7: Task in audience response 1.53 (1.18) 1.34 (0.91) 2.15 (1.68) 1.48 (1.12)
system 378 1077 198 1653

Item on a 1-6 Likert scale with options Never, Only once, About once a month, About twice a month,
About once a week, Multiple times a week (see Appendix 1)
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Table 7 Mean results of didactical approaches to assessment (item T17)

Item# Flanders Germany The Netherlands Total
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
n n n n
T17_1: Executing algorithms and procedures 4.45(1.41) 4.23(1.60) 4.20 (1.60) 4.30 (1.57)
371 1060 185 1616
T17_2: Concepts and understanding 4.31(1.40) 3.67(1.77) 3.78 (1.50) 3.83 (1.50)
372 1058 186 1616
T17_3: Argumentation and reasoning 2.64 (1.54) 2.87(1.43) 2.88(1.48) 2.82 (1.50)
371 1047 186 1604
T17_4: Authentic complex mathematical 2.09 (1.42) 2.34(1.80) 2.30(1.49) 2.28 (1.40)
activity 371 1044 184 1599

Item on a 1-6 Likert scale ranging from “Not at all” to “Very often” (see Appendix 1)

T13). This once more nuances our hypothesis that mathematics education at distance
might focus on procedural skills at the cost of conceptual understanding. Also, in line
with the results of T13 is the limited attention to argumentation and reasoning and to
authentic, complex tasks (e.g., modeling tasks) in assessment. All in all, these results
are very similar in all three countries.

To summarize, the most-used formative assessment practices in distance math-
ematics include gathering student materials and video conferencing (with an excep-
tion for Germany). Other options, as suggested in the questionnaire, were rarely
used. Assessment focused on procedural skills and a little less on conceptual under-
standing. There is little emphasis on argumentation and reasoning or other demand-
ing activities such as modeling. Taking into account the limited confidence teach-
ers have in their formative assessment skills through digital means (see Sect. 4.2),
the overall picture is that formative assessment is an issue in distance mathematics
education.

Since we mainly focused on formative assessment, we know little about sum-
mative assessment practices. However, summative assessment in the form of
high-stake tests was not recommended by the administration in most cases (see
Sect. 3.1).

4.5 Crossing boundaries between the four perspectives

In this section, we explore the interplay between the four perspectives that impact teach-
ing practice, that is, instrumental orchestrations, teacher beliefs, didactical approaches,
and assessment. To do so, we focus on variables that seem to be the most relevant ones
in terms of our hypotheses. For instrumental orchestrations, we include school technical
facilities and support (T2) and the use of synchronous and asynchronous teaching formats
(TS). For teacher beliefs and confidence, we concentrate on the corresponding items (T1,
T9, T10, T14) and include teachers’ previous experience with digital tools (T3). For didac-
tics, we focus on procedural versus conceptual approaches, and practicing old topics versus
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introducing new topics (T13). Concerning assessment, the items T18 and T20 are included.
The overall Kendall’s Tau-b correlation matrix for these variables can be found in Appen-
dix 3 (Table 10). In the matrix, values of 0.2 or higher are printed in bold, and the ones
of —0.2 or below in italic.

Let us first consider the interplay between school technical facilities and support on the
one hand, and synchronous and asynchronous orchestrations on the other. We would expect
the correlation between school facilities and support on the one hand (T2_1 and T2_2)
with synchronous distant orchestrations on the other (T5_1) to be important. However, for
the three countries together, these correlations are small (Kendall’s Tau-b <0.2). For Flan-
ders and the Netherlands, a possible explanation might lie in the widespread availability
of video conferencing software such as Smartschool Live (Flanders) and Microsoft Teams
(the Netherlands). For Germany, this correlation is 0.2, which we interpret as modest sup-
port for the conjecture that school support did play a role in Germany in facilitating video
conferencing.

Second, we wonder how teachers’ beliefs and confidence relate to their (a)synchro-
nous orchestrations and didactical approaches. Teachers’ beliefs are expressed in their
appreciation of using digital technology (T1), their prior experience with digital tools
(T3), and their prior confidence (T9). Despite our expectations, however, Appendix 3
shows positive but low correlations with synchronous orchestrations (T5_1), and with
didactical approaches such as treating new topics under challenging circumstances or
focusing on conceptual understanding (T13). As a possible explanation, it might be that
teachers, no matter what their previous experience was, were under so much pressure in
the lockdown situation that they faced the new challenges, despite their possible doubts
or limited experience. Overall, we found little evidence that teachers’ preparation for the
new situation in terms of prior views and experiences was decisive in their orchestrations
and didactics.

Table 8 Kendall’s Tau-b correlations for teachers’ general opinion (T1) and prior confidence (T9), and
opinion on (T18) and confidence in (T20) formative assessment (in bold if >0.20)

Item# Country T9 T18  T20
T1: Enjoying work with digital technology FL 040 030 031
GE 043 027 035
NL 037 027 030
T9: Confidence in using technology before schools closed FL 0.13  0.32
GE 0.15 0.40
NL 0.17  0.34
T18: Digital assessment in mathematics can enhance students’ learning ~ FL 0.32
GE 0.27
NL 0.26
T20: Confidence in using various digital formative assessment formats ~ FL
GE
NL

A tau value above 0.20 is considered moderate, and above 0.30 is considered strong
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Third, we consider teachers’ beliefs and confidence before school closure and their
views on digital assessment. As shown in Table 8, teachers’ general opinion and prior con-
fidence (T1, T9) positively correlated with their views on the opportunities for distance
formative assessment (T18) and on their confidence in the ability to use them (T20). We
interpret this as a support for the conjecture that teachers’ views on using digital technol-
ogy in general coincide with their views on distant formative assessment in particular.

5 Conclusion and discussion

In this study, we investigated which distance teaching practices in secondary mathemat-
ics education have emerged in Flanders, Germany, and the Netherlands in the spring
2020 period of school lockdown and how teachers have experienced them. To do so, we
designed and administered an online questionnaire among secondary mathematics teachers
in the three countries.

In line with the study’s theoretical perspectives, we phrased four sub-questions. With
respect to the first one on the distance education practices the mathematics teachers
shaped, we found a variety of synchronous and asynchronous practices, with a striking
difference on the former: video conferencing was used much more frequently in Flanders
and the Netherlands than in Germany. Surprisingly, during this initial phase of school
closure, teachers tended to use general digital tools for the delivery of lessons and com-
munication with students more than mathematics-specific learning environments, even
though the latter tools had been used before the lockdown. As a possible explanation,
we conjecture that the increased attention for new ways to deliver teaching, and syn-
chronous formats in particular, in combination with all organizational changes during
the lockdown, may have taken all of teachers’ time and attention at the cost of using
specific mathematical tools. The correlations between the use of synchronous orches-
trations such as video conferencing and the technological infrastructure and support in
schools were limited, in contrast to our expectations. A possible explanation might be
that teachers found their own ways to proceed, independent from school infrastructure,
for example through using freely available video conferencing software or other freely
available resources.

On the second research sub-question on the relation between the emerging practices
and the mathematics teachers’ beliefs, we found that teachers’ beliefs played a role in
their engagement in distance education, but to a lesser extent than expected. Closely
related to teachers’ beliefs seemed to be their confidence in the ability to deal with
distance education and the corresponding digital technology. In addition, the distance
learning experience increased teachers’ confidence remarkably. In the meantime, the
COVID-19 situation made even teachers with limited appreciation for digital technol-
ogy beforehand engage in distance education, even if there were differences between
the three countries.

For the third sub-question on didactical approaches of distance mathematics educa-
tion, our initial hypothesis was that teachers would focus on “safe and easy” approaches
to teaching, that is, on rehearsing and practicing mathematical procedures, rather than on
higher-order learning goals such as mathematical understanding and new mathematical
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topics. The study’s results do not confirm this: teachers report that they paid attention to
both rehearsing and practicing and conceptual understanding, and that new topics were
also taught. Some differences between countries may be explained by different policies
with respect to guiding teachers or not. For example, the ministries’ guidelines in Flan-
ders (initially) and in some states in Germany may have retained teachers from treating
new mathematical topics.

Fourth, we addressed assessment formats. We expected teachers to feel somewhat hin-
dered in providing formative feedback to their students through digital means because of
the limited means of communication, which would align with the findings by Hodgen
et al. (2020). This was confirmed by the teachers’ limited (increase of) confidence in this
respect. For formative assessment, teachers made little use of audience response systems,
maybe because they were not aware of the possibilities. For summative assessment, the
data provide limited information: it seems that many schools may have postponed sum-
mative assessment practices, sometimes also on the advice of the ministries of education.

Of course, the four theoretical perspectives act in interplay. We found traces of this
interconnection, for example in the correlation between teachers’ general opinions and
prior confidences and their confidence in the ability to use opportunities for distance form-
ative assessment.

These conclusions should be interpreted with care because of the study’s limitations.
A first limitation is a possible bias in the sample because enthusiastic teachers might have
been more willing to reply to the invitation to participate than other colleagues. Also,
the sample sizes were quite different for the three countries, even if they reflected the
differences in population sizes. A second limitation is the sample of three countries in
Western-Europe: one might wonder whether the picture would be different in other parts
of the world. A third limitation is that the data are based on teachers’ self-reports. On the
topic of paying attention to conceptual understanding during distance lessons, for exam-
ple, one might wonder whether this is how students perceived it. Fourth and final, the data
analysis was done on an item-by-item level rather than using multiple-item-scales. This is
in line with the study’s explorative and descriptive character. A confirmative study which
includes multiple-item scale analysis would be an important next step.

As a reflection on the study, it is interesting to notice how big the differences between the
three countries were, despite them being geographically close and the similar COVID restric-
tions. Apparently, institutional factors and national educational factors play important roles.
Furthermore, we notice that the four perspectives on teaching practices proved valuable and
rich. Still, they should not be considered as separate and independent dimensions, but rather
as a dynamic system in interplay. Further elaboration of their interconnection would be a chal-
lenge for future research.

As a second recommendation for future research, we would be interested in the
responses to a similar questionnaire after a longer period, to see whether some findings,
such as the limited attention to mathematical tools, would disappear after the novelty of
synchronous distance teaching in this “first moment study” is gone, and would be different
after some time of familiarization or in a more stable situation.

As a third and final recommendation for future research, students’ perspectives are wait-
ing to be included to get a better view on the real impact of COVID-19 on mathematics
education at distance in secondary schools.
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Appendix 1. Teacher questionnaire

Note to the reader: the tools mentioned as examples (e.g., Algebrakit in T3_7) were

localized for each of the countries.

[T1] What is your opinion on working with digital technology?
(six-point Likert item ranging from “No, not at all” to “Yes, | absolutely do!”)
e | like working with technology

[T2] Technical facilities and support.

(six-point Likert item ranging from “Highly incorrect” to “Highly correct”)
T2_1 My school has an adequate technical infrastructure to teach mathematics at a
distance.
T2_2 My school offers enough support in using the technical infrastructure.

[T3] BEFORE the schools closed, | used the following tools in my mathematics classes.
(six-point Likert item ranging from “Not” to “Very often (daily)”)
T3_1 Digital mathematics tools (spreadsheet, graphing program, Tl viewer)
T3_2 Video conference software (e.g., Microsoft Teams, Zoom, Google Classroom)
T3_3 Social media (e.g., Facebook)
T3_4 Learning management systems (e.g., Magister, Moodle)
T3_5 Home-made videoclips
T3_6 Online videoclips
T3_7 Online exercise platforms (e.g., AlgebraKit, Bettermarks, DWO, Sowieso)
T3_8 Online learning environments (e.g., Desmos, DWO, GeoGebra Books,
GeoGebra Tube)
T3_9 Audience Response Systems (e.g., Socrative, Mentimeter, Kahoot!)

[T4] Since the schools are closed, | deliver my math teaching in the following way(s):
(multiple response)

T4_1 1 don’t teach anymore

T4_2 Through video conferencing software (e.g., Microsoft Teams, Zoom, Google

Classroom)

T4_3 Through delivering homework tasks via a messenger (e.g., email)

T4_4 Through communication via Social Media (e.g., Facebook)

T4_5 Through a learning management system (e.g., Magister, Moodle)

T4_6 Through available online video clips like

T4_7 Through online exercisers (e.g., Bettermarks, AlgebraKit)

T4_8 Through online learning environments (e.g., Desmos, DWO, GeoGebra Books,

GeoGebra Tube)

T4_9 With home-made videoclips

T4_10 Audience Response Systems (e.g., Socrative, Mentimeter, Kahoot!)

T4_11 Through other means, namely ...
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[T5] Since the schools are closed, how intensively did you have contact to your students
via...
(Please refer to your experiences with the class in which your distant mathematics-
teaching went best)
(rating scale: “Never”, “Only once”, “About once a month”, “About twice a month”,
“About once a week” to “Multiple times a week”)
T5_1 Synchronous formats (e.g., video conferencing, simultaneous working with
students in a shared document, live chats etc.)
T5_2 Asynchronous formats (forum, sending out exercises via mail)

[T6] As a video conferencing system to connect with my students, | mainly use: (multiple
choice)

T6_11don't use one

T6_2 Microsoft Teams

T6_3 Zoom

T6_4 Google Classroom

T6_5 Google Hangouts

T6_6 Google Hangouts Meet

T6_7 Skype

T6_8 WhatsApp video

T6_9 BigBlueButton

T6_10 Jitsi

T6_11 Cisco Webex

T6_12 Smartschool live

T6_13 Other, namely

[T7] What did you do to prepare your distant math lessons? (multiple response)
T7_11didn’t have them so far
T7_2 | set up classes, teams, groups for video conferencing
T7_3 | gave the students instruction on how to use the platform
T7_4 | set up some rules for behavior (e.g., on muting microphones or using a chat
window)
T7_5 Other, namely

[T8] What did you do in the mathematics video conferencing lessons? (multiple
response)
T8_1 | didn’t have them so far
T8_2 | delivered lectures to explain the mathematical topic
T8_3 | showed solutions to tasks
T8_4 | answered students’ questions
T8_5 | had students showing and presenting their work
T8_6 | made students engage in group work
T8_7 | spoke with students about their progress and their way of working
T8_8 | asked them to use some online content, e.g., a video or an exercise
T8_9 Other, namely

[T9] How confident were you about using digital technology in your mathematics
teaching BEFORE the schools closed? (Slider question ranging from 0: “Uncapable” to
100: “Capable”)
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[T10] How confident are you about using digital technology in your mathematics
teaching NOW after the schools are closed? (Slider question ranging from 0:
“Uncapable” to 100: “Capable”)

[T11] What happened to turn out really well in your distant math teaching? (open
question)

[T12] What didn’t work out well in your distant math teaching? (open question)

[T13] To what extent do you agree with the statements: In times of school closure, my
math lessons focus on ... (six-point Likert item ranging from “Strongly disagree” to
“Strongly agree”)

T13_1 Rehearsing and practicing topics that the students already knew

T13_2 Teaching topics that were new to the students

T13_3 Conceptual / deep understanding

T13_4 Procedures / algorithms

T13_5 Mathematical argumentation and reasoning

T13_6 Authentical, complex, mathematical tasks (e.g., modeling)

[T14] To what extent do you agree with the statements: distance mathematics
education gives opportunities... (six-point Likert item ranging from “Strongly disagree” to
“Strongly agree”)

T14_1 For teaching algorithms and procedures

T14_2 To focus on mathematical concepts and understanding

T14_3 For mathematical argumentation and reasoning

T14_4 For authentical, complex, mathematical tasks (e.g., modeling)

T14_5 To make students discover mathematics on their own

T14_6 To make students learn from their mistakes

[T15] Since the schools closed, | used the following methods to keep track of the
mathematical learning of my students...
(Please refer to your experiences with the class in which your distant mathematics-
teaching went best)
(six-point rating item: Never, Only once, About once a month, About twice a month,
About once a week, Multiple times a week)
T15_1 Results gathered from the students through email or a cloud system like
Dropbox
T15_2 Live question during a video conference lessons
T15_3 Answers in the Chat window during a video conference lesson
T15_4 Assessment questions in the schools’ learning management system (e.g.,
Moodle, ILIAS)
T15_5 Online learning environments (e.g., GeoGebra Tube resp. GeoGebra Books,
Desmos)
T15_6 Task administered through commercial tutorial systems (e.g., Bettermarks)
T15_7 Specific tasks delivered through Audience Response Systems (Socrative,
Mentimeter, Kahoot)
T15_8 Through other means, namely

[T16] How often did you do the following in your mathematics distant teaching since

the school closed? (six-point rating item: Never, Only once, About once a month, About
twice a month, About once a week, Multiple times a week)
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T16_1 Clarify and share learning intention & criteria for success

T16_2 Discussions & learning tasks that elicit evidence of student understanding
T16_3 Provide feedback that moved learners forward

T16_4 Activate students as instructional resources for one another (e.g., peer
instruction)

T16_5 Activate students as owners of their own learning (e.g., self-checking their
results)

T16_6 Adapt my distant mathematics teaching to results of formative assessment

[T17] My mathematics assessment formats that | used since the schools closed down
focused on...
(six-point Likert item ranging from “Not at all” to “Very often”)

T17_1 Executing algorithms and procedures

T17_2 Concepts and understanding

T17_3 Argumentation and reasoning

T17_4 Authentic complex mathematical activity (e.g., modeling tasks)

T17_5 Other, namely_____

[T18] Digital assessment in mathematics can enhance math students’ learning.
(six-point Likert item ranging from “Strongly disagree” to “Strongly agree”)

[T19] How did your beliefs on digital assessment in mathematics change since the
schools closed? (six-point Likert item ranging from “A lot more negative” to “A lot more
positive”)

[T20] | feel confident to use various digital formative assessment formats (e.g., through
learning management systems, online learning environments, Audio Response Systems,
etc.) to assess the math. learning of my students. (slider item ranging from 0:
“Incapable” to 100: “Very capable”)

[T21] How did this confidence change since the schools closed?
(six-point Likert item ranging from “Much less confidence” to “Far more confidence”)

[T22] In other classes my distant mathematics teaching functioned...

o Clearly worse
o About the same
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Appendix 2. Item—research question overview

Table 9 Questionnaire item
assignements to the research
sub-questions 1. Practices 2. Beliefs 3. Didactics 4. Assessment

Item#  Research question

T1 X
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13 X
T14
T15 X
T16 X
T17 X X
T18
T19
T20
T21

XK X X X X X

KX X X

>

e

KoXX X

@ Springer



61

Distance mathematics teaching in Flanders, Germany, and the...

60" 0 10 €0 00’ 10- s§ N

14! or So° or LO 0- €9 0]

60" 1 SO° 90’ 0 10 8§ TTA  PIsOd S[o0Yds 210§aq A30[0Uda) [eNSIP S0USPYUOD) 6L,
0 €0 20~ 00’ €0 90" 90" €0 N

80" ¢l or 60" el So- €I 80 209)

Y0 10 20~ [ 90’ 0 €0 00 gt SJEULIOJ SNOUOIYOUASE 3S1) TG,
1 (174 €0 LO° 20 80" LI' II' SO~ N

91 or So° 128 St 60- €T I I 209)

€l 48 00’ €l So° €0- 0" 90" T0- gt SJEWLIOY SNOUOIYOUAS 98] [~ G,
128 €l € ¥0- €I 80" LT TE L0 60 IN

€T 11 SO 60’ 0 W- e se I IT D

! T (/) Y0 S0~ € T 0 90 II° T [BI0L €1,
L1 €T 0 el 9"  0z- YT OI' SO0 €0 Ol N

€l or So° I 9"  90- LT 0T Ol 0T 1T a0

60" 60 So° (/1) or €0- LI 61" L0~ 10 60 el 1oddns [eotuyoa], 77,
LT I 0 LO® T 6l IE I €0- TOT 8T LY N

T 4! SO° 80" 128 80- LT TT Ol 8" € 99 20)

61 148 i) 60’ 49 €0- 0T TT SO-  T0 91 89 gt SONIIORY [eIIUYIL, [ CL
€¢ (44 LO® 90’ /) 100 L 6 0 81" Ss§&€ 9T € IN

81 48 90" I I $0- € 80 9" 6T IT T a9

ST o¢’ or 80’ 80’ 000 9 T €0- L0 8" T 9T 4 A3ojouyda) yim Suryiom Sutkofug [ L
S0- 10 SI- 90~ 80~ 200 vI- 8I- Tl L0 60~ SO- 000 8I- IN

vI-  90- 0 or- Tl S0 ¢TI~ SI-  S0-  +0- +0-  Or- 80~ ¥I- HD

LO® /) 00° (174 I €r- SI- 91 T0- 80" TO- 000  ¥O° OI- I QoudLadxe Furyord,
TVIL TVIL P E€IL €€IL CEIL TEIL OIL 6L CSL TSL €L C¢cal T ol 1L # W

07°0—1s9yS1y Je o1e A2 JT OI[eI1 pue ‘07°( ISB3] e are K21 J1 pjoq ur ‘Anunod 1ad SsJUSIOJe0d UONR[RLI0d g-NE], S, [[EPUSY 0L 3|qeL

sdd3dead Huiyodea) o) bunea. L|qissod swayl 10j X11}eW UOIIR|D410D g-ne] S [Jepud) ‘€ xipuaddy

pringer

N's



P. Drijvers et al.

62

IN
209)
™ wumoocoo sjoreg NIWﬁH
9 IN
8¢’ 269}
St ™ sampadoxd syorfed 1 1.1
60’ LT IN
ST w 209)
ST w T4 SWILIOF[e / SANP0I ™ ¢ 1L
9¢’ 61 6T IN
st or 1 a0
LE 0T w7 T4 wc__v:muwuoﬁcs moo_v / ﬂm:HQGOEOU mlmfﬁ
T ST 0T o¢’ IN
€T 81" LT 8¢’ D)
(44 7w 61 o’ ™ sordoy MaN 7 €T.L
L0 €0 80" vl pp- N
90-  90- €0~ ST gg- a0
10 90™- or €0~ 61 T umouy Apeare sordof, 1 ¢T.L
91 4 90’ 90’ LO° 0T IN
0T 9T’ 80" 128 ¥I° 90- 0]
cr 9% 90’ 60 60’ €0’ Td  PasOID S[00YIs Jduls K0[OUL09) [ENTIP DUIPYUOD) O L
TVIL THIL ¥ €L € €LL T ELL TELL OLL 6L TSL TSL €L Tadl Tal IL # Wy

(ponunuoo) | 3|qel

pringer

A's



Distance mathematics teaching in Flanders, Germany, and the... 63

Author contribution All authors participated in designing the research. PD and MD started the study. All
authors took part in the design of the questionnaires, which were implemented in Qualtrics by HvdR and
FM, who also set up the data file. Data analysis was carried out by all authors and was frequently discussed
in the team. PD prepared the first draft of the manuscript. All authors participated in revising the manuscript
and/or provided feedback and read and approved the final manuscript.

Availability of data Upon request.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Akoglu, H. (2018). User’s guide to correlation coefficients. Turkish Journal of Emergency Medicine, 18,
91-93.

Aldon, G., Cusi, A., Schacht, F., & Swidan, O. (2021). Teaching mathematics in a context of lockdown: A
study focused on teachers’ praxeologies. Education Sciences, 11(2), 38.

Bandura, A. (1997). Self-efficacy: The exercise of control. Freeman.

Bandura, A. (2006). Guide to the construction of self-efficacy scales. In F. Pajares & T. Urdan (Eds.), Self-
efficacy beliefs of adolescents (pp. 307-337). Information Age.

Barzel, B. (2005). Open learning? Computeralgebra?... No time left for that. Zentralblatt Fiir Didaktik Der
Mathematik, 37(5), 336-342.

Bozkurt, G., & Ruthven, K. (2018). The activity structure of technology-based mathematics lessons:
A case study of three teachers in English secondary schools. Research in Mathematics Education,
20(3), 254-272.

Clark-Wilson, A., Robutti, O., & Thomas, M. O. J. (2020). Teaching with technology. ZDM-Mathemat-
ics Education, 52(7), 1223-1242.

Croux, C., & Dehon, C. (2010). Influence functions of the Spearman and Kendall correlation measures.
Statistical Methods & Applications, 19, 497-515.

Dobber, M., Zwart, R., Tanis, M., & van QOers, B. (2017). Literature review: The role of the teacher
in inquiry-based education. Educational Research Review, 22, 194-214. https://doi.org/10.1016/].
edurev.2017.09.002

Doorman, L. M. (2019). Design and research for developing local instruction theories. Avances De
Investigacion En Educacion Matematica, 15, 29-42.

Drijvers, P., Doorman, M., Boon, P., Reed, H., & Gravemeijer, K. (2010). The teacher and the tool:
Instrumental orchestrations in the technology-rich mathematics classroom. Educational Studies in
Mathematics, 75(2), 213-234.

Drijvers, P., Ball, L., Barzel, B., Heid, M. K., Cao, Y., & Maschietto, M. (2016). Uses of technology in
lower secondary mathematics education; A concise topical survey. Springer. http://www.springer.
com/us/book/9783319336657

Drijvers, P., Grauwin, S., & Trouche, L. (2020). When bibliometrics met mathematics education
research: The case of instrumental orchestration. ZDM-Mathematics Education, 52(7), 1455-1469.
https://doi.org/10.1007/s11858-020-01169-3

Engzell, P, Frey, A., & Verhagen, M. D. (2020). Learning inequality during the COVID-19 pandemic.
SocArXiv ve4z7. https://ideas.repec.org/p/osf/socarx/ve4z7.html.

Ertmer, P. A., & Ottenbreit-Leftwich, A. T. (2010). Teacher technology change: How knowledge, confi-
dence, beliefs, and culture intersect. Journal of Research on Technology in Education, 42(3), 255-284.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.edurev.2017.09.002
https://doi.org/10.1016/j.edurev.2017.09.002
http://www.springer.com/us/book/9783319336657
http://www.springer.com/us/book/9783319336657
https://doi.org/10.1007/s11858-020-01169-3
https://ideas.repec.org/p/osf/socarx/ve4z7.html.

64 P. Drijvers et al.

Fives, H., & Buehl, M. M. (2012). Spring cleaning for the ‘messy’ construct of teachers’ beliefs: What
are they? Which have been examined? What can they tell us? In K. R. Harris, S. Graham,& T.
Urdan (Eds.), APA educational psychology handbook (pp. 471-499). APA.

Freudenthal, H. (1991). Revisiting mathematics education. Kluwer.

Gravemeijer, K. (2004). Local instruction theories as means of support for teachers in reform mathemat-
ics education. Mathematical Thinking and Learning, 6(2), 105-128.

Hodgen, J., Taylor, B., Jacques, L., Tereshchenko, A., Kwok, R., & Cockerill, M. (2020). Remote math-
ematics teaching during COVID-19: Intentions, practices and equity. UCL Institute of Education.

National Council of Supervisors of Mathematics & National Council of Teachers of Mathematics.
(2020). Moving forward: Mathematics learning in the era of COVID-19. NCTM. https://www.
nctm.org/uploadedFiles/Research_and_Advocacy/NCTM_NCSM_Moving_Forward.pdf

Nesta. (2020). The use of online maths learning resources during the COVID-19 lockdown. https://www.
nesta.org.uk/data-visualisation-and-interactive/levelling-maths-during-lockdown/

Philipp, R. A. (2007). Mathematics teachers’ beliefs and affect. In F. K. Lester (Ed.), Second handbook
of research on mathematics teaching and learning (Vol. 1, pp. 257-315). IAP.

Pierce, R., & Ball, L. (2009). Perceptions that may affect teachers’ intention to use technology in sec-
ondary mathematics classes. Educational Studies in Mathematics, 71(3), 299-317.

Postmes, T., Haslam, S. A., & Jans, L. (2013). A single-item measure of social identification: Reliability,
validity, and utility. British Journal of Social Psychology, 52(4), 597-617.

Ruchniewicz, H., & Barzel, B. (2019). Technology supporting students’ self assessment in the field of
functions: A design based research study. In G. Aldon & J. Trgalova (Eds.), Technology in math-
ematics education (pp. 49-74). Springer.

Rudd, T. (2007). Interactive whiteboards in the classroom. Futurelab. http://archive.futurelab.org.uk/
resources/documents/other/whiteboards_report.pdf

Stacey, K. & Wiliam, D. (2013). Technology and assessment in mathematics. In M. A. Clements, A.
Bishop, C. Keitel, J. Kilpatrick, & F. Leung (Eds.), Third International Handbook of Mathematics
Education (pp. 721-751). Springer.

Stein, M. K., Engle, R. A., Smith, M. S., & Hughes, E. K. (2008). Orchestrating productive mathe-
matical discussions: Five practices for helping teachers move beyond show and tell. Mathematical
Thinking and Learning, 10(4), 313-340.

Stillman G.A. (2019). State of the art on modelling in mathematics education—Lines of inquiry. In G.
Stillman, & J. Brown (Eds.), Lines of inquiry in mathematical modelling research in education.
ICME-13 Monographs. Springer. https://link-springer-com.proxy.library.uu.nl/chapter/10.1007/
978-3-030-14931-4_1

Swan, M., Pead, D., Doorman, L. M., & Mooldijk, A. H. (2013). Designing and using professional develop-
ment resources for inquiry-based learning. ZDM-Mathematics Education, 45(7), 945-957.

Thomas, M. O. J., & Palmer, J. (2014). Teaching with digital technology: Obstacles and opportunities. In A.
Clark-Wilson, O. Robutti, & N. Sinclair (Eds.), The mathematics teacher in the digital era: An interna-
tional perspective on technology focused professional development (pp. 71-89). Springer.

Thurm, D. (2018). Teacher beliefs and practice when teaching with technology: A latent profile analysis. In
L. Ball, P. Drijvers, S. Ladel, H.-S. Siller, M. Tabach, & C. Vale (Eds.), Uses of technology in primary
and secondary mathematics education (pp. 409—419). Springer.

Thurm, D., & Barzel, B. (2019). Self-efficacy—The final obstacle on our way to teaching mathematics
with technology? In U. T. Jankvist, M. van den Heuvel-Panhuizen, & M. Veldhuis (Eds.), Proceed-
ings of the eleventh congress of the European Society for Research in Mathematics Education (pp.
2749-2757). Freudenthal Group and ERME.

Trouche, L. (2004). Managing the complexity of human/machine interactions in computerized learning
environments: Guiding students’ command process through instrumental orchestrations. International
Journal of Computers for Mathematical Learning, 9(3), 281-307.

Wanous, J. P., & Hudy, M. J. (2001). Single-item reliability: A replication and extension. Organizational
Research Methods, 4(4), 361-375.

Wiliam, D. (2011). What is assessment for learning? Studies in Educational Evaluation, 37(1), 2—14.

Wiliam, D., & Thompson, M. (2008). Integrating assessment with learning: What will it take to make it
work? In C. A. Dwyer (Ed.), The future of assessment: Shaping teaching and learning (pp. 53-82).
Erlbaum.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://www.nctm.org/uploadedFiles/Research_and_Advocacy/NCTM_NCSM_Moving_Forward.pdf
https://www.nctm.org/uploadedFiles/Research_and_Advocacy/NCTM_NCSM_Moving_Forward.pdf
https://www.nesta.org.uk/data-visualisation-and-interactive/levelling-maths-during-lockdown/
https://www.nesta.org.uk/data-visualisation-and-interactive/levelling-maths-during-lockdown/
http://archive.futurelab.org.uk/resources/documents/other/whiteboards_report.pdf
http://archive.futurelab.org.uk/resources/documents/other/whiteboards_report.pdf
https://link-springer-com.proxy.library.uu.nl/chapter/10.1007/978-3-030-14931-4_1
https://link-springer-com.proxy.library.uu.nl/chapter/10.1007/978-3-030-14931-4_1

	Distance mathematics teaching in Flanders, Germany, and the Netherlands during COVID-19 lockdown
	Abstract
	1 Introduction
	2 Theoretical background
	2.1 Instrumental orchestration
	2.2 Teacher beliefs
	2.3 Didactical approaches to distance mathematics education
	2.4 Assessment
	2.5 Research questions

	3 Methods
	3.1 Research context in the three participating countries
	3.2 Instrument development: the questionnaire
	3.3 Questionnaire administration
	3.4 Participants
	3.5 Data analysis

	4 Results
	4.1 Teaching practices at a distance
	4.2 Teacher beliefs
	4.3 Didactical approaches to distance mathematics education
	4.4 Assessment
	4.5 Crossing boundaries between the four perspectives

	5 Conclusion and discussion
	References


