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Introduction

Abstract

In reaction to the COVID-19 pandemic, the government of Luxembourg suspended
in-school teaching and learning towards remote teaching. A survey conducted by
the Ministry of Education after three weeks of confinement, showed that more than
half of the parents faced difficulties when using remote teaching with their
students. To tackle this new challenge, we adapted our research to the use of
augmented reality, digital and physical mathematical modelling in remote
mathematics education for elementary schools. The elementary school students
(aged 5 to 12) created cultural artifacts (i.e., Easter egg cups) during the
confinement. In this paper, we will describe mathematical modelling in remote
teaching and further concentrate on parents’ perspectives, who played an essential
role in assisting their children. Moreover, we will discuss different didactical
principles that emerged from the task design during the study through parents’
eyes. Thus, understanding parents’ perspectives became highly important in
enabling us to improve task designs and related pedagogical approaches in remote
teaching. The data collected in this study included semi-structured interviews with
students, parents, and teachers as well as questionnaires and field notes. We
followed an exploratory stance with our data analyses, primarily utilizing grounded
theory (Corbin & Strauss, 1990, 2014) approaches. Through the insights we gained
from our findings, we aim to explain how the parents perceived teaching and
learning mathematical modelling in our experiments, how they scaffolded the given
tasks, and what support they required and would need in future remote teaching.

Keywords: Mathematical modelling, Geometry, Parents, Remote teaching,
Educational technology

COVID-19 and the confinement induced a series of profound changes to teaching and

learning mathematics in elementary schools in Luxembourg. One major change was that
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schools were closed, and teaching was moved from in-school to complete remote teaching.
Teachers, parents, and students needed to identify and adapt to a rather unknown teaching
and learning setting. Teachers needed to rethink their methodologies and use a variety of
technologies to create a new learning environment for their students. School
administrations and specialized services from the Ministry of Education in Luxembourg
did however guide teachers in this crucial period. But how were parents perceiving this
major change? Although parents took part in the learning and teaching processes before
the pandemic by doing homework reviews or test preparations with their children, this
meant for them to interfere in a different way. Before the confinement, parents were mainly
guided by the class teacher or got feedback in class almost the next day. Hence, in remote
teaching, parents needed to anticipate far more often the teaching guidance and organize
the teaching with their children. During the pandemic, based on a survey led by the
Ministry of Education in Luxembourg, half of the parents reported a difficult start with
remote teaching. They stated not having enough time to deal with remote teaching, having
a lack of knowledge and skills, not being equipped sufficiently with technologies, or not
having all the needed information for students’ learning. This raised questions about the
teaching that happened during remote teaching. How did these concerns from parents
influence mathematical task solving that students received from their teachers? How could
parents be best supported? The period of remote teaching in elementary school did last
more than eight weeks in a row during the last two trimesters. A long period where students
would have learned and experimented with their teachers’ topics in mathematics class, such
as mathematical modelling with geometric shapes. Mathematical modelling is a central
topic in mathematics education in elementary and it is learned through various hands-on
learning activities (e.g., apply geometric shapes to real-world objects, combine objects to
create shapes), which connect classroom learning to the student’s everyday life (Haas et
al., 2020; Lavicza et al., 2020). Although, even in in-school settings, research showed that
students encounter difficulties in mathematical modelling, while connecting real-life three-
dimensional worlds and two-dimensional space (Gonzalez, 2015). Further, to get a better
understanding of geometry and mathematical modelling, students should work their visual-
spatial memories (Szucs et al., 2013). Thus, in regular class, they would have used different
scaffoldings and materials with the parents, which were not necessarily present in remote
teaching. Based on our experiences, we had to pose the question: Do parents in remote
teaching have the materials and skills to support their children in getting a better
visualization and modelling geometric shapes? Yet, teaching and learning in the digital age
are not limited to the classroom and due to the accessibility of educational technology, the
interactions on learning content, such as mathematical modelling with geometric shapes,
are likely to happen as well at home. Students can use these technologies during class and

at home for their learning purposes. Dynamic geometry software on mobile devices, such
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as GeoGebra 3D Graphing Calculator (Hohenwarter et al., 2020) and Autodesk®
Tinkercad® makes it even possible to realize mathematical modelling in nearly any
environment. Hence, there are possibilities to support students with materials in
experimenting and visualizing geometric shapes in remote teaching. Among these
educational technologies software, you find the rather innovative use of augmented reality
(AR), as well as digital and the physical mathematical modelling with 3D printing. These
technologies are already used in class, with their teachers and peers. However, tasks were
scaffolded and organized by a professional of the education system. What would this mean
for parents in remote teaching? Even with the materials to teach geometric shapes to their
children in remote teaching, would they be able to take the role of the professional and
what would they need to do so? What influences would this have on the students’ learning?
With the start of the confinement on 16 March 2020, the teaching and learning changed to
complete remote teaching. We used this opportunity to experiment mathematical modelling
study in remote teaching. In this study, parents were able to enroll voluntarily or had been
asked by their children’s class teacher to participate in an online mathematical modelling
challenge and create a cultural artifact (i.e., Easter egg cup). The mathematical modelling
tasks were done with complete remote teaching with 44 students, aged from 5 to 13 years.
We were able to collect data on the motivation students and their parents perceived during
the modelling task, description of how the learning and teaching setting was realized and
on the support the parents asked for. Further, we will present how parent’s scaffolding
could increase or decrease the complexity of a mathematical modelling task with real-
world information.

Although we collected data from students, teachers and parents, our main focus in this
paper is on the parent’s perspectives in remote teaching, as this could be relevant for any
further research on parent’s participation in remote teaching in mathematical modelling

and parent’s involvement in teaching in general.

Theoretical framework

Mathematical modelling framework

Mathematical modelling is an element of the main process skills (i.e., problem-solving,
reasoning and proof, representation, and modelling) which are taught, according to the
national curriculum throughout elementary school in mathematics primary education.
Furthermore, according to the curriculum and research, mathematical modelling should
connect to real-world situations, problems or objects in the students’ living environment
(Liljedahl et al., 2016; Singer et al., 2013). However, process skills and mathematical
modelling are described slightly different in various research and organisations. Thus, we
compared international standards (NCTM, 1999), national standard (MENFP, 2011) and
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theoretical references mostly used in Luxembourgish schools (Selter & Zannetin, 2019), to
have a holistic understanding for our remote teaching and establish a research framework.
Apart from language differences (i.e., NCTM in English, national curriculum in French
and theoretical references in German), we conclude that mathematical modelling refers,
according to the different references, to the application and modelling of mathematical
concepts to real-world objects, situations, and problems, where students deploy
mathematical skills and knowledge to act on given real-world information (Haas et al.,
2020).

Referring to the model of Blum and Leil? (2007), which showed to cover the different
references as well, mathematical modelling with real-world information can be described
through seven steps. Thus, (1) students construct a situation model based on real-world
information and (2) simplify this model to a real problem (e.g., What is the given problem?
What do we need to solve?). (3) This real problem is then mathematized (i.e., connecting
mathematical knowledge and skills and applying the most appropriate mathematical
concept) and (4) worked mathematically. (5) Students interpret the results, (6) proceed to
a validation by transferring the mathematical results to real-world and (7) finally expose
the results to real-world situation. These steps can be seen as subskills in mathematical
modelling and should therefore be considered in development and scaffolding.
Mathematical modelling on geometric shapes remained one core topic domain during the
confinement in schools. In regular class, teachers would work with students from early
childhood to grade 6 on properties, areas, volumes, or combinations. Within a continuous
development of process and content skills, teachers would support students through
different scaffoldings and feedback. However, in the imposed remote teaching, the regular
support in learning mathematical modelling teaching was not possible. Parents were mainly
involved, and the professional scaffolding of a teacher was in general not feasible.
Therefore, we investigated the use of different technologies to present scaffoldings and
support to students in remote teaching.

Augmented reality, digital and physical modelling

We carried out literature reviews on the use, in elementary school, on augmented reality
(Bacca Acosta et al., 2019; Billinghurst & Duenser, 2012; Cai et al., 2019; Gonzélez, 2015;
Liu et al., 2019), as well as digital and physical mathematical modelling (Berdik, 2017;
Haas et al., 2020; Lavicza et al., 2020; Lieban, 2019; Ng & Chan, 2019). Based on these
literature reviews, we focused on four basic principles of Dienes’s theory of mathematics
(Dienes, 1960) to elaborate the tasks on mathematical modelling in remote teaching. Thus,
tasks could reach from reproducing and recreation, to free construction and combination
of different geometric shapes. In the remote teaching, we presented tasks which were open

to different solution paths. Thus, depending on the scaffolding or the performances in
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mathematical modelling, produced during the tasks, elementary students experienced tasks
differently. With augmented reality elementary school students could have simply
transferred the real-world information into three-dimensional digital modelling (i.e.,
Dynamic Principle) or do a slight modelling of the existing real-world information (i.e.,
Perceptual Variability Principle), by adding small add-ons. Moreover, students could
combine different real-world information (i.e., Mathematical Variability Principle) to a
new geometric model or create an entirely new construction (i.e., Constructivity Principle).
Referring to the remote teaching challenge we undertook, some students reproduced Easter
egg cups, which were almost identical to standard egg cups (i.e., two symmetrical opposed
hemispheres) or created complex egg cups with patterns, different modelled geometric
shapes and transformed real-world objects. Mathematical modelling with GeoGebra 3D
Graphing Calculator or Autodesk® Tinkercad® could support students during the remote
teaching and increase the learning outcome in modelling geometric shapes. Thus, the
important spatial reasoning in geometry (Sinclair & Bruce, 2015) could be widely
supported by these technologies (Clements & Sarama, 2011; Liu et al., 2019). The
identification of the needed scaffolding, on how to use the augmented information (Bacca
Acosta et al., 2019) plays an important role.

Scaffoldings and task design in mathematical modelling with technologies

Before starting the online remote teaching challenge, we experimented with task design
within two grade 4 (age 10 to 13) classes. We wanted to identify which task setting would
be more likely to fit into a remote teaching and be adapted to the teaching of the parents.
Both classes had the same design to fulfill by using AR, digital and physical mathematical
modelling, but in different settings, feedbacks, and scaffoldings. In the first class (Figure
1), students randomly chose three shapes out of a basket and integrated these shapes into
their designs. Before starting to work on digital modelling, they draw a design with paper
and pencil. After this, they designed an Easter egg cup and verified the functionality of the
design with AR.

Fig. 1 Tasks realized in the first class @
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Fig. 2 Tasks realized in the second class

In the second class (Figure 2), the students were free to use the shapes they wanted to
integrate in their designs and did not need to create a paper-pencil design. They designed
an Egg cup and then verified their functionality of the design with AR.

Thus, the two settings provided us with interesting findings on scaffoldings and supports
we should provide in the remote teaching challenge. In the first-class setting, the
scaffolding was mostly guided by the teacher and there was less space for students to
express their creativity. Students’ motivation was high for the interaction with the digital
modelling, but low with the paper-pencil design and they felt a hindrance in using the given
shapes for their designs. The discussions among students were less focused on their
planning and solution processes in mathematical modelling. Students stayed very close to
real-world information and the process of mathematization was referring mostly to
common geometric concepts.

Thus, to increase the task complexity and the modelling outcome, continuous scaffolding
is needed. With this setting, in remote teaching, parents would need to follow a given
methodology and apply a large amount of scaffolding, which is done in in-school teaching
by a professional teacher. Parents would need a very guided description on the different
scaffoldings and some of these scaffolding techniques require skills that are part of the
professional training of teachers. In consequence, depending on the parents’ educational
status, the settings could or could not be done with the required scaffoldings.

In the second class setting, students seemed to be engaged in a more creative and
motivated process. Students argued and communicated on their plans and solutions for their
designs. They seemed to be in a flow where the task was appropriated, the goal clear, and
accepted by the students (Nakamura & Csikszentmihalyi, 2014). Hence in this setting,
parents could get involved and interact in the teaching based on their experiences and skills.
This situation we would qualify as less scholarly and probably more accessible to a broader
public, i.e., parents. However, both settings could be used in the remote teaching as some
parents could gain more safety in using a clear scaffolded teaching setting than in a setting

that is less controlled and more open to the creativity of the students. Yet, this would require
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stronger guidance by the parents and could be more difficult to execute for a non-
professional teaching person.

Remote teaching challenge

The government in Luxembourg decided to suspend onsite teaching and learning, due to
the COVID-19 Pandemic, from 16 March on. Thus, jointly with the Ministry of Education
in Luxembourg, we set up a remote teaching challenge by using AR, digital and physical
mathematical modelling, building on our previous experiences in class. The task consisted
in creating a cultural artifact (i.e., Easter egg cup) in an online challenge. We made the
decision to propose this task, as it fitted to the cultural context of Easter, where in regular
school students would perform creative Easter activities. We further expected a broader
acceptance among the school community with this thematic choice. Students were
encouraged to design an Easter egg cup with digital mathematical modelling in GeoGebra
3D Graphing Calculator or Autodesk® Tinkercad® and send their design to an email address
we communicated to the parents. To support parents and the students we offered several
tutorial videos to explain functions on the digital mathematical modelling software and a
dedicated space on the web page. Moreover, parents could reach out by mail or Microsoft
Teams (for which each student has a free license) for additional support. Students joined
voluntarily or had been enrolled by their class teacher. We had 44 students from ages 5 to
13 who participated in the challenge.

The execution of the tasks was done in various ways, some of the students worked alone
and some created their Easter egg cups together with their parents. Some parents proposed
scaffoldings to their children, where they first measured the size of the egg, chose different
shapes and designed an egg cup on paper (Figure 3).

Students worked either on iPads or on computers (Figure 4). Some switched during the
design process, as they were not used to design with a touch screen. This was mainly the
case for younger students aged 5 to 7. Parents also reported that to support their children
they needed aid with some manipulations in the digital modulation software (e.g., rotations

Fig. 3 Student measuring before starting to design
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Fig. 4 Design realized on tablets and computers

and size adjustments of the shapes). During the challenge, we collaborated with some
parents to assist their use of Autodesk® Tinkercad® and to explain how to place or move
different objects in the design. Further, we supported them with resources on mathematical
modelling (e.g., geometric shape families, measurements instruments, construction issues).
Neumann (2018, p. 1661) describes in relation to parents and young students where
“children may be developing experience and skills in operating tablets at home, age and
technical ability are important factors to consider when supporting younger children’s
interactions with tablets”. Parents tended to adapt their scaffolding to the age and estimated
technical ability of their child (Kermani & Brenner, 2000).

Although not all students and parents used all features of AR in Autodesk® Tinkercad®
or GeoGebra 3D Graphing Calculator, we got replies from some parents that it was
beneficial to control the design through augmented reality (Figure 5). One could argue that
the use or not use of AR was related to the parents’ scaffolding strategies (cognitive,
affective, or technical) and therefore not be used in every setting. This seems to be similar
to the teaching in class. Parents in a teaching role seem to make their own choices in their
methodology to conduct the remote teaching. These choices could be related to their own
skill set, to their perception of mathematics courses or their teaching experiences so far.

Fig. 5 The use of AR in the design
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Fig. 6 3D Prints of the student’s designs

At the end of the challenge our group printed out the different designs (Figure 6).
However, unlike the in-school experience at this stage, students could not optimize their
designs, rearrange them, or supervise the printing process. This element was only possible
if students had their own 3D printer at home. Thus, unfortunately, in some of the designs,
the egg cups were not equilibrated once they got printed and were not able to accomplish
their function and hold the egg. In these cases, we collaborated via a shared link with
parents and students to aid them to modify their designs. Still, most of the designs have
been designed in a manner that they were possible to complete and print without any
difficulties.

In the next sections we will outline our data analyses and results. As described earlier, in
our analyses we mainly focus on parents’ perspectives as during the confinement parents
played a major role in the teaching of their children and we aimed to explore these
educational dynamics in this paper.

Method

Grounded theory approach

To carry out an exploratory study on parents’ perspectives in confinement, we decided to
follow a grounded theory approach by Corbin and Strauss (1990, 2014). This qualitative
approach was chosen as it allowed us to develop new theoretical aspects through
uncovering concepts and relations in this new learning setting. In this exploratory study,
we wanted to identify how parents were dealing with their new role as students’ helpers in

mathematical modelling and how working on our tasks challenged them. According to
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grounded theory approaches, we used the three different coding methods (open, axial, and
selective) for our analyses.

Data collection

We collected data on the use of AR, digital and physical modelling in remote teaching
through parent’s perspectives in various ways. We conducted, four semi-structured
interviews with parents, three semi-structured interviews with elementary school teachers,
one semi-structured interview with a school leader, eight semi-structured interviews with
students from age 7 to 13, and received data from open questions (e.g., How did you as
parents assist your child? Which parts in the mathematical modelling process were difficult
for you and your child? How was the motivation of your child during the modelling?) in
an online questionnaire with the 13 parents at the end of the remote teaching. Adding to
this, we analysed emails, conversations and messages on Microsoft Teams and WhatsApp
groups that we got from parents.

Methods of data analysis

Thus, we coded and compared the collected data (i.e., answers in the semi-structured
interviews, response from the online questionnaire, observations, Microsoft Teams
conversations and others) in iterative cycles. This process of constant comparative data
analysis and re-coding (Corbin & Strauss, 2014) allowed us to identify themes and a
conceptual framework on parents’ perspectives. Thus, rereading of transcripts,
questionnaire responses, and coding highlighted a set of different themes that were
dominating the data.

Results

We were able to identify six overall themes:
e Theme 1: Perceptions of mathematics courses and teaching
e Theme 2: Motivations of students
e Theme 3: Scaffolding and parent-assisted teaching in mathematical modelling
e Theme 4: Technical knowledge of parents
e Theme 5: Support and guidance
e Theme 6: Influences on learning and teaching behaviours
We used these themes as a conceptual framework and sorted codes from the studies into
the different themes. In the upcoming paragraphs, we will outline these different themes

that emerged from the data analyses with explanations and examples.
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Theme 1: Perceptions of mathematics courses and teaching

Perception on mathematical modelling in Geometry emerged from almost every conducted
interview. Thus, these perceptions are constantly compared to existing beliefs and beliefs
from new experiences (Diego-Mantecon et al., 2019). The use of new technologies, such
as AR or the digital and physical mathematical modelling was perceived more or less
important in the learning of mathematics. Parents indicated that in the beginning AR,
digital and physical mathematical modelling were valuable assets to foster creativity and
visual experiences of students (e.g., show a geometric shape in 3D, try to place different
shapes with AR on a given object); however, it should have been more connected to the
textbooks and schedules of classes. Parents also indicated that written calculations (e.g.,
calculating the result of a volume of geometric shapes is seen as more important than
understanding how to modulate these shapes) seemed to be a priority focus in mathematics
and that mathematical modelling in Geometry was perceived as less important. Hence,
according to some parents’ perceptions, tasks shouldn’t interrupt traditional teaching, but
should be offered as optional work for some students. These parents reported that “our
children already have to do much homework and calculations and we need to help them
with these” or “the schedule in school is very tight and we need to follow the textbooks
and exercises required by the teacher” or “children need to solve calculations without
technology”.

Other parents affirmed that they wanted technologies such as AR, digital and physical
mathematical modelling more often in remote and class teachings. Further, these parents
accorded higher importance to mathematical modelling and active transfer of mathematical
skills, than executing simple operations on volumes or areas. “Our boy was able to use his
mathematical knowledge to create the design. This was more challenging than the textbook
exercises or the long calculation exercises in the homework”, or “It is preparing the
children for secondary school and the skills they will need for a future job”, parents
reported. Referring to the mathematical modelling framework (Blum & Lei3, 2007), these
parents described how their children went from real-world information through the
different steps of modelling (e.g., combine shapes, rearrange their volumes, compare
different models).

Overall, perceptions of mathematics and teaching mathematical modelling in geometry
seem to play an important role in how parents accept new technologies in their children’s
mathematics learning. Similar to findings of Tapia and Marsh (2004), changes could be
attributed to “confidence” and “enjoyment”. Hence, a positive learning experience of their
children, could support parents in time to understand the value of these technologies. Hence,
we should reflect on future tasks and how we could promote and explain the benefits of
these technologies in mathematical modelling as well as to allow parents and students to

exchange these experiences.
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Theme 2: Motivation of students

Parents reported high motivations for their children during working with AR, digital and
physical mathematical modelling, comparable to findings of Bacca Acosta et al. (2014).
There had been no differences in reported motivation, whether children were low or high
performing in mathematics courses. Unlike regular remote teaching, without the use of
these technologies, parents did not need to insist and give continuous scaffolding to keep
their children doing their learning tasks. Students seemed to be motivated by the hands-on
activities and the active creation tasks (Craig, 2000). Further, students seemed to be more
self-confident in their mathematical modelling and studied more autonomously. Positive
self-esteem could even be related to increased academic performances (Alkhateeb, 2014).
Further, parents reported that “the challenge made them really curious”, “they (children)
were motivated because of the creative uses of maths” and “he was motivated to do
something in 3D which will be created in real”. The use of technologies connecting
mathematical knowledge with real-world information to be able to create and design an
object, was overall seen as highly motivating by parents during remote teaching. One could
assume that the more a goal of a task relates to real-world situations, objects or problems
the more parents and students seemed to be motivated in the execution of the task (Liu et
al., 2019; Singer et al., 2013). Accordingly, future remote teaching, whenever it is possible,
should consider connecting learning to student’s real-world information within the students’

living environments.

Theme 3: Scaffolding and parent-assisted teaching

During remote teaching, parents adopted a similar role as a teacher and employed different
strategies to motivate and guide their children during their learning processes. They
assisted their children to solve tasks, by asking questions, giving hints, or motivating them
with various strategies. Similarly, as teachers in classes, parents used different forms of
scaffoldings, where a scaffolding means to provide assistance when children require
assistance in solving tasks (Pressley et al., 1996). Comparable to findings of Hirschland
(2008), parents tried to adapt scaffoldings to their children’s estimated skill levels or their
requirements. We classified parents’ reported scaffoldings into three different categories,
based on the framework outlined by Neumann (2018). Parents utilised cognitive, affective,
and technical scaffoldings. “We did measurements with our child and asked questions
about the shapes to be used” or, “we asked our daughter which shapes would fit well
together and how they can be built up”, where these typical cognitive scaffoldings were
reported by parents. These cognitive scaffoldings had been performed in a similar way to
the Dienes’ theory of mathematics (Lieban & Lavicza, 2019) and referred essentially to the
different steps in the mathematical modelling process described by Blum (2013). Parents

supported students in simplifying real-world information (e.g., size of the egg and negative
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Fig. 7 From simple to complex Easter egg cups

print in the egg cup) and mathematization (e.g., recognize shapes and their properties,
family of shapes or identify measurement concepts). Further, from the data, we know that
parents engage students in iterative process design cycles, while supporting complexity of
the modelling process (e.g., variations of sizes, new combinations of shapes and
transformations of given objects), by creating a cognitive “path with questioning” to help
their children to reach a high-quality design. Moreover, the learning paths were segmented
into subtasks, from measuring shapes to designs with technologies, and students were
guided through them with their parents’ questions. These cognitive scaffoldings could be
reproduced from parents’ own scholastic experiences, similar to findings of Crook (1997).
Thus, designs from the students reached from construction close to standard egg cups, up
to complex designs, which were not distinguishable at first sight as an egg cup (Figure 7).
As for effective scaffoldings, parents encouraged their children and offered positive
feedback to support their designs. During the interviews, parents reported that their
children’s motivation was high and that they could easily give positive feedback. Some
parents reported that it came “very naturally” and it was “easy to support him, because he
did so well”. Affective scaffoldings in such remote teaching situations seemed to
strengthen the relationships between parents and their children and influence teaching and
learning positively (Price et al., 2011). Positive strengthening of these learning
relationships, however, was reported rarely the case for the traditional remote teaching
activities and assignments they did so far without these technologies. Parents admitted “this
3D task is more comfortable to do, than just to fill out pages of written calculations”.
Technical scaffolding consisted mostly of connecting modelling software and design
tasks. Parents needed to guide their children through software functions such as “rotating
the design”, “drag and drop shapes”, “place different layers” and “uses of tactile modelling
on iPad”. These technical scaffoldings were more present in parents-student’s settings with
younger students aged 5 to 8. This was similar to the findings of Neumann and Neumann
(2014), who agree that higher technical scaffolding could improve learning with

educational technologies in this young age and to Wood et al. (2016) assuming that the
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intensity of scaffoldings is higher in a younger age. Based on our findings, parents’ choice
of scaffoldings and quality of scaffoldings should be supported in possible future remote
teaching situations and teaching in general, after the end of the confinement. The high
influence on students learning through parents’ scaffoldings (Bodrova & Leong, 1998)
should not be left as the responsibility of parents but should be supported through training
or guidance to ensure that every child receives better learning scaffoldings.

Theme 4: Technical knowledge of parents

Educational technologies can be categorised, according to Means (1994), into four different
categories: tutors, exploring, subject tools and communication enhancers. Each educational
technology category requires different approaches and manipulations by the user. In our
study, parents and students used Autodesk® Tinkercad® and GeoGebra 3D Graphing
Calculator, which were the required technologies to explore, learned their interfaces, and
decided how to use them with their children (Murray & Olcese, 2011). These technologies
were rather new to both parents and students. Throughout the semi-structured interviews,
parents indicated that in the regular course they used tutoring systems and communication
applications; consequently, parents needed to rely on other skills than they used during
traditional remote teaching. Parents with different technical knowledge expressed
remarkably different concerns about their uses of technologies; thus, we were able to
identify three different groups of parents in relation to their technical knowledge. In the
first group of parents, we included parents who were highly familiar with design
technologies, mostly because they had to use similar technologies in their professions or
parents who were working within the educational system. These parents were able to
identify manipulatives and were proficient with most aspects of required technologies. In
the second group, we had those parents who indicated struggling with some manipulatives
such as the rotation of the entire construction or adding of layers. These parents indicated
that they did rely on their children’s skills in technology to identify the needed
manipulatives and/or asked for additional via email and obtained screenshots or tutorials.
They were able to continue working on the task after receiving sufficient help. In the third
group we placed parents who needed more support than the previous groups and having
tutorials and screenshots were insufficient for them. These parents indicated that they had
not worked with these kinds of technologies before and therefore encountered “general
problems with technology”. For these parents, we needed to set up additional assistance
and we had to show manipulatives and processes for them in our school. Considering these
technological differences among these three groups of parents we assumed that during
remote teaching several parents would need extensive support. We set up additional
support but realised that the latter two groups required even more assistance to be able to

fully help their children. This is aligned with the study of Pacifici et al. (2006) on web-
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based training for parents. Learning from this experience we offered structured and
personalised training for parents, afterwards in a similar study in kindergarten, and now we
would be able to design better support. Nevertheless, further investigations and approaches
would be needed in future studies.

Theme 5: Support and guidance

We offered several kinds of support and guidance for students and parents. Our support
was based on multiple communication channels in order to ensure that parents with
different technology expertise and Internet access could benefit from our support, similarly,
as was described by Rothbaum et al. (2008). We communicated regularly with parents
through telephone calls, emails, Microsoft Teams and WhatsApp. Parents could ask
questions or ask for guidance to be able to assist their children. Initially, their main
questions concerned technical issues like “how can we save a design”, “where do I find the
different shapes”, “how can we add an object on another side of the shape” or “how can |
take a picture of the design in AR”. Later they mostly asked questions about how they
should work with their children; they asked, “how much guidance should I provide” or
“how much time should I let my children work with the technologies”. According to the
study of Neumann (2015) the time a child spends using educational technologies was from
20 to 80 minutes a day, while parents in our study estimated and asked for 30 to 60 minutes
periods. We developed three video tutorials on technical manipulations, explained tasks on
a webpage and in a podcast to be also used in our later studies. Furthermore, we offered
additional support via email if parents came up with additional questions. Parents reported
that “the shared link in the program helped to visualize the problems”, “I think it is good
to get some help through telephone calls or the Microsoft Teams account of children”, or
“When you showed it to me, I was able to show it to my child”. Similar to the findings of
Liao et al. (2017), parents increased their engagements with their children’s learning
processes through the offered support opportunities. Parents reported in interviews that not
all of their issues would have required direct support from teachers, thus, we are working
on developing communication channels among parents and encouraging community
support. We will aim to analyse such community channels in our future studies. According
to Shilling et al. (2013) peer support and community building among parents could have a

positive effect on the entire educational process.

Theme 6: Influences on learning and teaching behaviours

Throughout our studies, we observed, and data analyses also supported, that parents and
students were highly engaged and motivated while using AR, digital and physical
modelling during their learning and teaching processes. We observed, as Selter and

Zannetin (2019), that transfer of mathematical modelling and solving real-world situations,
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objects or problem tasks with digital and physical modelling influenced students’
mathematical problem-solving strategies overall. Students changed the way they tried to
solve tasks with technologies and tended to visualise and experiment more in their solutions.
Their perception of mathematical tasks seemed to change and they utilised more creative
strategies and different mathematical skills comparable to findings of Steen et al. (2006)
and Moyer-Packenham et al. (2008). Parents were also experiencing new ways of
supporting their children’s mathematical learning and many were able to utilise skills from
their professional lives. Some parents used knowledge from their jobs, “I am an architect
and | work with similar programs; it was really fun to work with my son on this project”,
or some parents experimented with new types of learning “we were on a kind of expedition
to create something together”. Most parents tried to guide their children and motivate them,
as we reported in the scaffolding theme. Their supports were more visual and thus more
appropriate for the utilised technologies, “I asked my child to create a prototype and then
we discussed it”, or “we created all possible solutions in the program”. The change of
teaching compared to the experiences they had with more traditional tasks could be related
to the aids of manipulatives, however, while using digital and physical modelling their
experiences shifted toward more creative approaches similarly to findings of Sung et al.
(2015). Parents also reported that “we argued about the possible solutions and tried
different ways” and “we modulated the geometric shapes many times and discussed them
to get the right design”. Thus, parents and students used process skills in mathematical
thinking, to solve the required tasks, which could be seen as a strong predictor of
performance growth in mathematics courses (Sackes, 2013). Students were able to connect
their experiences with other subjects and took different perspectives for complex solution
strategies, according to some of the parents. This was further enhanced by teachers’ and
parents’ scaffoldings and heightened students’ motivations, technical and content
knowledge. It was clear that parents had extensive influences on the students’ learning

behaviours and on our experiments.

Conceptual framework and discussion

After regrouping the codes into different themes, we were able to identify interactions that
were influencing remote teaching with AR, digital and physical mathematical modelling
for parents. Figure 8 outlines our conceptual framework. Perceptions of mathematical
modelling in Geometry made parents more or less open-minded for the use of these
technologies in remote teaching, which we assume is strongly related to their beliefs from
past experiences with mathematics (e.g., Diego-Mantecén et al., 2019). Parents who were
more likely accepting technologies were the ones who were able to observe connections

between the mathematical curriculum and the overall usefulness of technologies in life as
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Fig. 8 Conceptual Framework on parents’ perspectives in teaching with AR, digital and physical
modelling

well as in learning. Of course, the results of the study are only of limited significance, as
the number of participants was relatively small.

Those parents who were uncertain about the uses of technologies in classes did not
believe that it could be useful for learning; however, their perceptions and openness
changed after working with their children using AR, digital and physical modelling. Thus,
based on these findings we are developing new kinds of tasks and support for students,
teachers and parents, to work together to stimulate positive perceptions by strengthening
motivations, enjoyment, and confidence in these mathematical modelling tasks (Tapia &
Marsh, 2004). Furthermore, motivation of students appeared to be one of the key factors
for strengthening relationships between parents and students in remote teaching. Similarly,
as Craig (2000), we assumed that mathematical modelling with real-world situations,
objects and problems could raise the motivations of students. AR, digital and physical
mathematical modelling served as important elements of our task and pedagogy designs
during the remote teaching, as it supported, based on our observations, transitions from one
mathematical modelling step to the next. Comparable to the findings of Price et al. (2011),
adequate tasks and teaching approaches not only strengthened relationships of students and
their parents, but also positively influenced students’ performances in their courses. Hence,
students could gain mathematical modelling skills, by using technology, outside the
classroom, with their parents. Moreover, students showed perseverance in solving tasks
and gained higher self-esteem during their learning process according to reports of parents
and consistent with other research (Hall, 2006). Findings, concentrating on students and
parents will be reported in further papers. Nevertheless, in future studies, we will

investigate long-term effects, while students return to school and continue using AR, and
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digital and physical mathematical modelling and explore students’ knowledge on national
tests.

In remote teaching, parents scaffolded tasks with cognitive, affective, and technical
approaches as described in the work of Neumann (2018). Similarly, to students’ learning
in non-digital activities (Aram, 2008), we were able to identify some positive effects of
these scaffolding approaches with AR, digital and physical modelling. Parents often
utilised their own experiences with these technologies during their work with their children.
While supporting parents, we had to attend a variety of requests and encourage parents to
utilise their own experiences and learn new skills to be able to better help their children.
We noticed that peer support was important and in future studies closer attention should be
paid on developing communication channels and building a support community. Findings
also suggested that shifting from traditional tasks and learning approaches was beneficial,
increasing parents’ motivations and dedications in their involvement in children’s learning
processes. Students were able to apply mathematical knowledge on real-world information,
with the guidance of their parents. The designs had different complexities and parents
guided and supported them in many ways. Overall, in our study during confinement,
parents played a crucial role in remote teaching and in utilising new technologies while
learning mathematics. In comparison to our classroom teaching phases, parents became
assistant teachers and gatekeepers who can engage students in active learning processes
and experimentations with new technologies. However, since parents were not professional
teachers, they needed new kinds of assistance and support to empower their potentials, but
it became clear that the roles of parents, especially during home schooling, are crucial for
students’ successes and must be considered in future studies not only during home learning
situations, but also involving them in school and mixed learning activities.

Abbreviations

3D: Three dimensional; AR: Augmented Reality; COVID-19: Official name for the disease caused by the SARS-CoV-2
(2019-nCoV) coronavirus.

Endnotes
a We collected permission from all participants shown on the pictures.
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