Journal of Pedagogical Research
Volume?7, Issue 2, 2023
https://doi.org/10.33902/JPR.202319033

Research Article

Parents' and children's learning when collaborating
on inquiry-based mathematics and computational
thinking tasks

Anders Kalsgaard Meller! and Camilla Finsterbach Kaup?

1Aalborg University, Denmark (ORCID: 0000-0003-4581-4094)
2University College of Northern Denmark & Aalborg University, Denmark (ORCID: 0000-0001-7442-9174)

In this paper we study how children aged 12-15 years learn together with their parents while solving a
series of playful inquiry-based tasks with an educational robot. The purpose of the study is to understand
how children and their parents learn mathematics and computational thinking in non-formal out-of-school
learning activities. For the study we designed tasks that included mathematic problem solving and
programming. The tasks were designed based on input from three mathematics teachers who participated
in individual workshops. Over a period of approximately six weeks, three families worked together on the
tasks. In the process, they were told to self-record and self-assess the process. The families video-recorded
the process and after each task they completed they answered a few questions. At the end of the
intervention, we interviewed the families about the process. The results showed examples of how the
families worked with mathematics and programming within different practices. In general, the children
were more challenged when it came to understanding the problems, the abstraction process and problem
solving. In this part they received guidance from the parents. Conversely, the children were not
particularly challenged by programming and in applying mathematics in the solutions..
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1. Introduction

Science, technology, engineering, and mathematics (STEM) competencies are in high demand, and
many experiments have been conducted to introduce programming and computational thinking
(CT) to children in primary school. While most teaching activities typically occur during regular
school hours, there is significant potential for engaging students in STEM-related activities outside
of school (Stevens & Bransford, 2007). According to Eshach (2007), to fully understand children's
science learning, it is essential to also look at learning that takes place out-of-school. Eshach (2007)
identifies three types of learning: formal, non-formal, and informal. Formal learning occurs in
school as planned activities. Non-formal learning occurs in prepared but adaptable institutions
and situations in an out-of-school context. Although non-formal learning has similar characteristics
to formal education, the motivation for learning may be entirely internal for the individual.
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Informal learning refers to situations that arise spontaneously, such as among friends and families.
The family environment has a significant influence on children's development (Garcia-Valcarcel-
Mufoz-Repiso & Caballero-Gonzalez, 2019). Sheehan and colleagues (2019) found that parents
who engage in programming activities benefit their children's learning, and from Vygotsky (1978),
we know parental involvement plays an essential role in children's learning. In this study, we
apply a non-traditional approach to parental involvement. The non-traditional approach is more
culturally and socially inclusive. It recognizes the importance of home and school involvement by
supporting parents to help with modeling, encouragement, and communication. To support
children, we are exploring how parents can use scaffolding (Wood et al., 1976). Scaffolding occurs
within the zone of proximal development. The zone represents a space between learners' actual
and potential levels of development, and it is a dynamic concept that helps learners move forward
(Vygotsky, 1978). In scaffolding, the learner moves continuously toward the next level of
development. Initially, scaffolding may appear strongly, disappear occasionally, and reappear
when necessary (Wood et al., 1976).

In this paper we study how children aged 12-15 years learn about mathematics and
computational thinking together with their parents. This, with the purpose of answering the
following research question:

How do children and parents learn and support each other when engaging in non-formal
inquiry-based learning activities involving mathematical- and computational thinking?

2. Literature Review
2.1. Computational Thinking

In 1980, Seymour Papert coined the term computational thinking (CT), and he believed that CT
could be used to teach children to think in new ways and develop their creative and problem-
solving abilities. Jeanette Wing later defined it as: "the thought processes involved in formulating
problems and their solutions so that the solutions are represented in a form that can be effectively carried out
by an information-processing agent" (Wing, 2011 p. 1).

Grover and Pea (2013) recommend that students learn programming and CT using a
programming tool that is easy for beginners to use and powerful enough for advanced
programmers. To provide a low floor, graphical programming environments can be used (e.g.,
block-based programming), which allows the user to focus more on the design and content
creation rather than the syntax. Scratch is one of the most widely used graphical programming
environments (Zhang & Nouri, 2019; Brennan & Resnick, 2012). Scratch is a block-based
programming language developed at MIT for children. With Scratch the user can create interactive
stories by combining blocks of codes. Based on Scratch programming, Brennan and Resnick (2012)
developed a framework for studying and assessing CT development. This framework was divided
into computational concepts that students use when programming (such as sequences, loops, and
conditions) and practices that students develop when they apply the concept (abstracting and
modularizing, testing, and debugging, reusing and remixing). Finally, computational thinking
perspectives about who they are, how they interact with others, and how the technological world
works (p. 1). When working with technologies, different disciplines are often intertwined and
borrows methods from one another (Denning & Freeman, 2009). Keeping disciplines intertwined
when teaching can be beneficial since, for example, CT and mathematics build a reciprocal
relationship for learning between the two domains and are more closely aligned to professional
practices (Weintrop et al., 2016).

In the same way, educational robots can promote learning across all STEM disciplines as
children engage in activities that involve constructing, programming, and interacting with robots
and, in the process, learn about gears, actuators, sensors, and programming. Furthermore, working
with robots can also support collaboration, creativity, self-confidence, and leadership (Gonzalez, &
Munoz-Repiso 2018; Bers, 2012)
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Researchers have also demonstrated positive effects on children when parents and children
collaborate, such as when they co-view (Strouse et al., 2017), co-read (Lauricella et al., 2014), or
program (Sheehan et al.,, 2019). Collaborative problem-solving allows people to acquire more
abstract knowledge compared to individual problem-solving (Scwartz, 1995) and competencies
such as abstraction, algorithms, and procedures, debugging, problem decomposition,
parallelization, pattern recognition, and simulation can be enacted while engaged in engineering
design tasks with their families (Ehsan & Cardella, 2017).

2.2. Computational Thinking and Mathematics

For K-12 students, robots can be an appropriate way to learn programming and problem-solving.
Programming goes beyond simply coding; it reinforces abstraction and decomposition concepts
and teaches children how to solve problems (Lye & Koh, 2014). This concept aligns with Sung and
Black's (2021) view that CT involves solving problems systematically, sequencing the solution
steps, and expressing solutions in a language an information-processing agent could understand.
Problem-solving is highlighted as the common ground between CT and mathematics (Kallia et al.,
2021). The core competencies of CT for mathematics are abstraction, decomposing, pattern
recognition, generalization, modeling, automatization, analytical thinking, generalization, and
evaluation (Kallia et al., 2021). Families can gain insight into prior problem-solving approaches as
they work with those aspects. One of the things that link CT and mathematics together is problem-
solving. According to Kallia et al. (2021), problem-solving should be a central goal of mathematics
education According to Sung and Black (2021), CT can be used in mathematics to provide a better
perspective on the field and support children's understanding of mathematics. Schoenfeld (1992)
emphasized that mathematics is a subject that aims to understand patterns that surround us and
are present in our minds. Mathematical language is based on rules, which children need to learn,
but they must be motivated to move beyond rules to express mathematical activities. The goal of
learning to think mathematically entails, learning a mathematical perspective, applying
mathematization and abstract processes, and developing competencies with mathematical tools
(Schoenfeld, 1992). The overlap between these disciplines has also been described by Pei et al.
(2018). Their view is that CT and mathematics are distinct areas of study that support one another
and may also be instructional related: Although they are closely related, they only sometimes
appear together in instruction.

According to Lockwood et al. (2016), CT strengthens a child's understanding and learning of
mathematics and ability to solve mathematical problems. For children to understand a
mathematical problem, CT must be facilitated and provide them with conceptualizing factual and
conceptual knowledge (Lockwood et al., 2016). A task can facilitate scaffolding that supports a
child's CT and mathematical thinking. It emphasizes the importance of more knowledgeable peers
of parents knowing when children are ready to advance to the next level of problem-solving
(Lockwood et al., 2016). The more knowledgeable peers is aligned with Vygotsky’s concept of
ZPD. Using CT and mathematics can help children better understand how a problem-solving
process works. Children who work with CT in mathematics develop procedural and strategic
knowledge, which helps them plan and solve mathematical problems (Lockwood et al., 2016).

To gain a deeper understanding of mathematical phenomena, families can use computational
problem-solving strategies, such as programming, algorithmic thinking, and creating
computational abstractions (Weintrop et al., 2016). According to Weintrop et al. (2016), CT for
mathematics and science can be framed and defined from a more theoretical perspective using a
taxonomy with four categories. An example of where the taxonomy is applied is for a group of
physics students who are attempting to calculate the gravitational constant and conservation of
energy and momentum from a series of data observations. In the process, they go through several
practices such as Data Collection, Data Visualization, Data Analysis, and Using Computational
Models to Find/Test Solutions. An inquiry-based approach to mathematics can be enhanced by
using this taxonomy to analyze and integrate CT into math curricula. This paper will focus on the
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categories of computational problem- practices. This category was also used when we created the
task used by the families. Figure 1 illustrates the taxonomy in its entirety.

Figure 1
Computational thinking in mathematics and science taxonomy (Weintrop et al., 2016 p. 135)
Data Modeling & Computational Problem  Systems Thinking
Practices __ Simulation Practices __Solving Practices Practices

Collecting Data
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Preparing Problems for
Computational Solutions

Investigating a Complex
System as a Whole

Programming

Choosing Effective
Computational Tools

Assessing Different
Approaches/Solutions to a
Problem
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Computational Solutions
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Communicating
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Creating Computational
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The taxonomy will be used to analyze how families develop CT skills when solving tasks with
the robot RoboMaster. The taxonomy presents opportunities for looking at how families develop
math practices within each category when working with robots. Although most children are
exposed to mathematical concepts in their early years, developing connections between
computational skills and practical science methods is rare, especially in the out-of-school context.

2.3. Meaning-making within Families

According to Sheehan et al. (2019) parents can promote children's STEM learning by coding
together. Through this, the parents can support the children through spatial talk, question-asking,
task-relevant talk, and responsiveness, creating meaning about the task together. Taking part in
social contexts involves two processes of meaning-making. According to Wenger (2010),
participating in social life is directed at engaging in activities, conversations, and reflections.
Similarly, we create physical and conceptual artifacts, such as words, tools, concepts, methods,
stories, documents, links to resources, and other reification forms that reflect our shared
experience and organize our participation. The interplay between participation and reification is
essential for meaningful learning in social contexts. It is meaningless to produce artifacts without
participation, and it is pointless to achieve implementation without artifacts. However, it is
essential to note that participation and reification are not inseparable. When people participate and
use reification, the memory of those two is intertwined but distinct. As they interact, a social
history of learning combines individual and collective learning. The participants of this history
define a 'regime of competence,' criteria, and expectations they rely on to recognize their
membership in the community.

The competence can be seen as: 1) Being able to understand what matters, what the
community's enterprise is, and how it offers a lens through which to view the world, 2) Having the
ability (and permission) to engage in productive community interaction, and 3) Making
appropriate use of the repertoire of resources that the community has accumulated over time
(Wenger, 2010, p. 180)

We analyze the communication of the families and observe how they negotiate and make sense
by working on tasks with the robot.

2.4. Inquiry-based Scaffolding

We offered families opportunities to engage with complex tasks through scaffolded inquiry-based
tasks. Providing scaffolding creates a more tractable learning environment for families by making
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complex and challenging tasks available, manageable, and within the zone of proximal
development (ZPD) of the families (Hmelo-Silver et al., 2007; Vygotsky, 1978, Wood et al., 1976). A
collaborative inquiry-based environment fosters content knowledge development and skills for
inquiry-based learning, often seen in scientific disciplines. When children/families are given
structure and guidance by mentors who scaffold them through task structuring and hints without
explicitly giving them the final answer, scaffolding can be seen as an integral part of a learning
environment where they become increasingly competent problem-solvers. As families gain
experience, scaffolds gradually fade as they can accomplish learning goals without the scaffold
(Lajoie, 2005). In the zone of proximal development of the families, scaffolding is essential for
assisting them in comprehending aspects of a task they cannot solve on their own (Vygotsky,
1978).

According to Saye and Brush (2002), scaffolds can be divided into two processes. Hard scaffolds
are "static supports that can anticipate and plan for student difficulties with a task in advance" (p.
81). In addition to hard scaffolds, there are also 'soft scaffolds,' which are dynamic and situational.
To provide soft scaffolds, teachers should continuously diagnose their learners' understandings
and provide timely support to their responses (Saye & Brush, 2002, p. 82). To support families in
trying inquiry-based learning, we developed tasks that act as hard scaffolding. With these
scaffolds, families can move forward with the subsequent phases of inquiry and engage in self-
directed learning. In our study, we investigated how families used the hard scaffolds and how
they worked together to provide soft scaffolds to enable them to understand the inquiry process
better and the use of RoboMaster.

3. Research Design

In this paper, we study how children and their parents engage in inquiry-based learning outside of
school, which meant that the study had to take place in the families' own homes. Due to practical
and privacy reasons, it is difficult to carry out studies where you enter people's homes. To
overcome these challenges, we apply a method inspired by the cultural probe approach (Gaver et
al., 1999). Cultural probe is a method for collecting information about a particular culture, group,
or context, in which a probe containing various artifacts is sent to the user, encouraging them to
share different things about their daily life. In our study selected families receive a package with a
series of playful educational tasks with the DJI RoboMaster S1 educational robot
https:/ /www.dji.com/dk/robomaster-s1. Using this approach, we instructed the families to self-
record and self-assess the process of solving the tasks. As an alternative to more time-consuming
and intrusive ways of collecting data, the cultural probe concept is explored here for use with
families for gathering contextually sensitive information (Wyeth & Diercke, 2006). By asking the
families to self-record themselves we gave them control of what they wanted to document. This
way respecting the privacy of their household while still gaining access to information.

3.1. Participants

Three Danish families participated in the study. In the following we present a short description of
each family and their opinion and experience with math and programming.

Family 1: A mother and her two sons aged 14 and 15. The two boys think that math in school is
okay but sometimes challenging. Besides, the youngest boy had no prior experience with
programming. The oldest boy has a little experience with building and programming a small
robot. The mother had a little experience with block-based programming.

Family 2: A mother and her son aged 13. The son is decent at math but more interested in other
science courses. He also had a little experience with Scratch programming. The mother has no
prior experience with programming.

Family 3. A father and his daughter aged 12. She likes math and have tried to program a micro:bit
in school and have done some Scratch Junior projects with her father. The father has some
experience with programming.
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3.2. Data Collection

For a period of six weeks the families were invited to experiment with the robot and try to solve
the tasks from the booklet together. We instructed the families to self-assess the process of solving
the tasks. During each task, the families used a screencast on the iPad that recorded data about
how the families programmed RoboMaster. The families were also told to use the camera to
document the process. After each task they completed there was an envelope with five questions
about their work with RoboMaster. They were e.g., asked to review the task and what challenges
they had. In the process they were asked to discuss both mathematic, CT, and robotics-related
content and how they collaborated.

The families received information about the purpose and process of the study, how data was
collected, used, and stored. To ensure voluntariness we asked both children and parents to sign a
consent form after introducing them to the study. The collection and storage of the data was done
in accordance with the existing GDPR legislation.

After completing the test period each family was interviewed about the process. The interviews
were held as semi-structured interviews (Ravitch & Carl, 2021). The interview contained questions
about their experience of working with the robot, how they had worked and collaborated, what
they thought about the specific tasks and mathematics and programming activities.

3.3. Materials and Tasks

For each family we put together a package with the robot RoboMaster S1, an iPad, a video camera,
a booklet with tasks and different materials needed for the tasks such as cones, tape, practice
targets and a folding rule (Figure 2).

RoboMaster S1 is an educational robot (Figure 3). The robot is built with four omnidirectional
wheels that enable it to drive in all directions. It has a cannon that can shoot with laser and water
beads. It can be remotely controlled and programmed with Scratch using an app for 10S and
Android devices. The robot has a camera mounted under the cannon which provides a first-person
view from the tank when controlling it. The robot has several built-in LED’s that can be
programmed to change color. The robot also comes with build-in sensors that enables it to respond
to touch and sound. Furthermore, the camera uses image-recognition to detect different objects
such as practice targets, people, hand gestures and marked lines.

We developed eight tasks for the booklet. The tasks were developed based on input from
individual sessions with three mathematic teachers who all had experience with working with CT.
The teachers participated in sessions to help us create age-appropriate tasks for the RoboMaster
that included mathematic and CT content. In the sessions we first introduced RoboMaster. We
proceeded to ask questions concerning their students” learning goals and different approaches for
teaching, including specific activities, didactics, and pedagogical considerations. Finally, we asked
about specific activities with RoboMaster to meet these learning objectives. The input was adapted,
and subtasks added to ensure a proper scaffolding of the content. The booklet was afterwards sent
to one of the teachers who gave feedback. The feedback included suggestions for different
wordings and minor changes to the content. We focus on the category of computational problem-
solving developed by Weintrop et al. (2016). They define this category of practices and strategies
from computer science to capture its contributions to contemporary mathematics and science (p.
139). Using the category, we scaffolded the task so families could learn different mathematics
practices to solve different problems step-by-step. An overview of the tasks can be seen in Table 1
and an excerpt of task 1 can be found in the appendix.
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Figure 2
The package with the Robomaster robot, iPad, video-camera, booklet and other materials

Figure 3
Picture of the RoboMaster S1 robot

3.4. Data Analysis

We have followed a thematic analysis (Braun & Clarke, 2006) using interviews and video
recordings data. According to Humble and Mozelius (2022), thematic analysis supports an analysis
that can contribute to a deeper understanding of what is being studied. The thematic analysis was
chosen to create a deeper understanding of how children and parents learn together. In the
analysis of the data we carefully followed Braun and Clarke's six steps of thematic analysis (2006)
where themes have continuously been developed, adapted, and merged/divided. The six steps
are: familiarization with the data, generating initial codes, searching for themes, reviewing themes,
defining and naming themes, and producing the report. The selected quotes in the results and
analysis section were translated from Danish to English and reproduced to capture their meaning
rather than a literal translation.
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In the process we first transcribed the interviews and made observation notes from the video
recordings. This way we familiarized ourselves with the data and began labeling it with codes
(Braun & Clarke, 2006). In this process, we also anonymized the data.

In the following sections, we will use the notation F1, F2, and F3 when we refer to each family
and F1C1 as the youngest child of family 1, and F1P is the parent in family 1.

4. Results and Analysis

In the following section we first provide an example of how the families worked with the tasks
through a vignette of F3’s interaction while solving task three. The vignette shows how they work
together and discussion of CT and mathematical concepts and the use of different Computational
problem-solving practices. Subsequently, we present an analysis of the results divided into two
overarching themes. First, we analyse the distribution of roles between children and parents and
how they supported each other. In the next part, we analyse how they learned and developed an
understanding of Computational Thinking and Mathematics.

4.1. Vignette

In the vignette, F3 is working on task three where they use tape to create different geometric
shapes and afterwards program Robomaster to move in the given shape.

The father reads the task, and the daughter programs on the iPad during the activities. With
tape, the daughter draws a one-meter line on the floor. The daughter calculates how many seconds
the robots should be moving if the chassis speed is 0,5 m/s. She says 2 seconds, and then they try it
with the robot.

After that, the father asks if she can get RoboMaster to move backward (this was not a part of
the task).

F3C. “Yes, instead of 0 degrees, we have to change it to 180 degrees.”
F3P: Confident young lady.

F3C: No, I just had mathematics.

FCP: Why is this mathematics?

F3C: It's about degrees, and I have had about angles.

With her father's help, she can see how she uses mathematics to solve the problem. It can also
be related to Weintrop et al. (2016)'s taxonomy, where she used computational problem-solving
practices to test and explain how to solve the problem.

Her next step was to place another 0,5-meter tape perpendicular to the tape on the floor. Then
she tries to make the following algorithm on the iPad. By pointing to the iPad, her father assists her
in choosing the right block. They are having problems finding the correct block to use when the
robot has to turn 90 degrees. In addition, they are trying a variety of solutions. After some tries,
they found the right solution.

Now they must build a rectangle. In the booklet, they are now presented with loops. The
daughter starts to make the first part of the algorithm from the beginning, with help from her
father.

Next, her father asks if she wants to repeat the process or use a loop.

Her father explains that she must build half of the rectangle.

F3C: puts a loop on?

F3P: yes, you can ask it to do it all again. The same movements must be repeated.
F3C: Okay, let us make a loop. How do we do that?

They identify that the first part of the program that needs to be repeated two times to make the
rectangle. By then, they are using the CT practices: pattern recognition. To accomplish this, they
developed an algorithm that repeats half of the rectangle twice. They are using the CT practices:
algorithm.

After completing the task, the father and daughter decided to set up the speed to 1 m/s (This
was not a part of the task). They then discuss how to determine and manipulate the measurement
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to solve problems about the distance and then change the chassis to translate at 0 degrees for 1
second. Furthermore, the family realized that by doubling the speed while keeping the duration
fixed, the RoboMaster would travel half as far, demonstrating the family's problem-solving
abilities.

4.2. Roles and Family Support

In F1, all three family members worked together on the tasks. Occasionally, only the mother and
F1C2 worked on the tasks as the youngest had lost patience. In general, the mother would read the
tasks, and the boys would do the programming. However, the mother would also pitch in when it
became challenging or if the boys gave up.
“So you had to do some strange things on the iPad sometimes. Me and (F1C2) had tried something
and spent 5-10 minutes programming, then you had to go back in and delete it” (F1C1)

The above quote shows how the mother occasionally tried to experiment with programming
but at one point, she ended up deleting the codes to the boys' frustration as she found
programming challenging.

In F2 it was primarily the boy who has worked on the project and asked for help when he
needed it. He received help from both his older brother (aged 17), his father and his mother. The
help he received was mainly to understand the tasks, and practical issues. After completing the
tasks, he has often shown the tasks to the other family members.

“It was a lot about understanding the tasks.... So, he (the father) got like... Then he got to tell me
what to do, because he is not.... He's not that good at how to code them and then when he explained
it to me, I could figure out the code afterwards.” (F2C1)

The quotes show a clear distribution of roles. The boy did the programming but needed help to
understand the task. The father did not understand the code but helped with explaining the task.

In F3, the robot and the tasks were considered a fun activity to do together. It was mainly the
father who read the tasks and the daughter who programmed; however, the roles have also
changed a bit along the way and the father has sometimes helped if there were difficulties.

“yes, I've touched it a few times (The iPad), when I get too enthusiastic, and then I'm reminded of
what the roles are, and I go back to my role” (F3P)

This shows how the two are both equally enthusiastic and involved in the tasks. The father
explained that the daughter could do most of the programming but sometimes needed help with
translations because the interface was in English.

All three families were very busy, and it was difficult to find time to work with the robot. The
various commitments such as school, work, cooking and cleaning and various hobbies meant it
was often during the evenings or in the weekends that there was time to do the tasks.

All the children expressed that the robot was fun, cool and had a lot of functions. Overall, the
impression seems to be that the progress has been fun, however with some frustrations and all
have enjoyed having a shared activity.

4.3. Computational Thinking and Mathematics

All children expressed that it was relatively easy to program the robot. They showed
understanding of computational concepts (Brennan and Resnick, 2012 such as repeat (loops),
variables and if/else statements (conditions). Implicitly, they also talked about parameters and
sequences.

F1C1, F1C2 and F2C1 believed they had an easier time understanding the codes and
programming the robot than their parents. The biggest obstacle seemed to be to understand the
task and afterward figuring out how to solve it.

“what kind of codes do you set up... That has not been the most difficult (thing). It is about figuring
out what to do, i.e. figuring out how long it will run for? How do you get it to spin and stuff? The
code itself makes sense, but information and then how to put it into the codes (is harder).” (F2C)
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F2C points out that the process from understanding the task or problem and finding a way to
solve it and translate that into programming was the hardest part. This shows an abstraction
process, a computational practice (Brennan and Resnick, 2012). In addition, the described process
includes several of the categories in Weintrop's (2016) Computational problem-solving practices.

The children also applied different debugging strategies such as experimenting with changing
the code. Another strategy was used by (F3C) who knew that a segment of the code from the last
exercise had worked before, thus he deduced that the error must be somewhere else. This
approach shows that (F3P) understand that code can be divided into modules and that you can
reuse and remix codes. Both approaches are also descripted as computational practices by Brennan
and Resnick (2012) and as Developing Modular Computational Solutions by (Weintrop, 2016).

While the parents were not as quick at picking up programming as the children, they also
learned something about programming in the process by collaborating with the children and from
the children presenting the solutions as is evident in the following quote:

“He (the father) was very interested in how it worked. I think he also learned some of it along the
way when I showed it to him.” (F2C)

As with the programming it seemed that children found it easy to understand the mathematics
involved in the tasks. They recognized the mathematics and could apply their knowledge to solve
the problems.

“Yes, a coordinate system, when you know the coordinate system, it was fairly easy.” (F2C)
“there was the equation of how X works, so that also made sense.” (F2C)
However, there were also times when the mathematics caused a bit of trouble.

“the thing with calculating exactly where it is, then having to shoot at it with what's it called? yaw
and pitch I think it was called. That's the thing with calculating how many degrees it would have to
shoot to hit the things, I think that too... that video is considerably long.” (F2C)
Although (F2C) understood how to calculate in degrees, it was new and challenging for him to
have to do it in two dimensions, namely with yaw and pitch.

5. Discussion

The results show families engaging in mathematical thinking and CT practices. Using CT practices
within the context of a task, enables mathematical reasoning to be supported and enacted. We
created the booklet to support the families through scaffolded inquiry-based tasks. The booklet
contains tasks that support the taxonomy developed by Weintrop et al. (2016). As we have chosen
an inquiry-based approach most of the practices used and articulated were within the category of
Computational problem-solving practices (Weintrop 2016). The booklet is a hard scaffold that
gives families a plan for completing the tasks (Saye & Brush, 2002). In a collaborative inquiry-
based environment, families provide themselves with soft scaffolds through which the child or
parent explains CT concepts, mathematical concepts, or CT practices to each other. The hard and
soft scaffold is shown in our vignette of task three. They supported each other by explaining
mathematical concepts, such as degrees and angles, when they needed to rotate the robot, or CT
concepts, such as loops, when they needed to repeat an algorithm. It was highlighted that the
children, in two of the families had challenges with understanding the problems and finding a way
to solve it. The parents often assisted with this part. Which indicate a superior understanding of
the abstraction process (Schoenfeld, 1992) that enabled the parents to solve problems with the
robot despite a lack of experience with programming. Which is consistent with the findings in
(Ehsan & Cardella, 2017) and (Kallia et al., 2021). Once the children understood the solution, they
could easily program the solution. This shows that within computational problem-solving
practices, the children were particularly good at computer programming, whereas the parents had
a greater understanding of practices such as: preparing problems for computational solutions and
computational abstractions. This could be due to the parents' greater experience with general
problem solving and reading text descriptions.
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We saw the families work with troubleshooting and debugging practices. We saw F2C was able
to break down the code into smaller parts, understanding that the part he used in the previous task
should be working the same way. Thus, he showed an understanding of the practice Developing
Modular Computational Solutions. As the skills within this practice increase it becomes easier to
incrementally construct solutions, test components and be able to reuse them (Weintrop, 2016 p.
139).

The vignette, presented in this paper, shows that the task provided the family with a hard
scaffold. Having completed the task efficiently, the family began assessing different solutions to
the same problem and creating a new task. Their understanding of mathematics is helping them
solve problems by creating CT practices. This is in line with Lockwood et al. (2016), which states
that CT can strengthen a child's understanding and learning of mathematics. The interviews,
evaluations, and video observations show that families use mathematical language to explain what
happens when, for example, they have programmed RoboMaster to create a square (Schoenfeld,
1992). It was motivating for the families to work with RoboMaster. The families express that they
enjoy working with the robot but also emphasize the connection to mathematics in their
evaluations. As families work on tasks and use RoboMaster, they engage in activities and
conversations. Through RoboMaster, they produce meaning and investigate CT and mathematical
concepts. Negotiation occurs when they solve problems together. When working with
RoboMaster, the families collaborate and create a community and history of working with the
robot. For the families, reification is getting into meaningful processes to work with the robot,
understand CT, and use mathematics when programming (Wenger, 2010). When using
RoboMaster as an artifact for reification, they can help and support each other. By working with
the robot, they develop new competencies in CT and programming and use mathematics to
understand CT practices. Over time, they accumulate a repertoire of resources.

With our research approach of using cultural probes, we have collected data about interactions
and conversations that are typically difficult to access without intervening and disrupting the
environment in which they occur. Additionally, the sporadic occurrence of the events makes it
challenging to gather data. The recorded data has been analyzed using thematic analysis. One risk
of using thematic analysis is the potential for subjective bias when collecting and analyzing data
(Humble & Mozelius, 2022). Since the families themselves have been responsible for the data
collection, they have determined what was recorded and when. This means that they have largely
been able to decide what was important to document. The disadvantage is that we have not been
able to make these selections ourselves and may not necessarily have the complete picture. The
research design may have provided more ecological settings, however with the cost of control of
the scenario.

The findings in our study are based on results from three families where we see great diversity
in the families' approach and their prerequisites for working with the tasks. We therefore expect
similar variation in other families.

Thus, more research is needed to investigate this area further. Similar, the study is carried out
with selected tasks primarily within the category that Weintrop (2016) defines as computational
problem-solving practices. The parent-children relationship might unfold completely differently if
the focus was on one of the other categories.

6. Conclusion

Engaging in non-formal inquiry-based learning activities focused on mathematical and
computational thinking can help families develop new competencies and support each other's
learning. Through collaboration on tasks, families can investigate CT and mathematical concepts,
create meaning, and improve their CT and programming skills. The study found that the use of a
booklet as a hard scaffold helped families complete tasks, while soft scaffolds facilitated
collaborative inquiry-based learning and enabled family members to explain mathematical and CT
concepts to each other. Children may develop proficiency in computer programming and using
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mathematical concepts, while parents may gain a greater understanding of how to create
computational abstractions and prepare problems for computational solutions. Parents can also
provide support to children, indicating mutual support between them in the learning process.
Further research in this area is important, as there may be variation in how families approach
tasks, and different CT practice categories may lead to different outcomes in parent-child learning.
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Appendix. In this appendix we present an excerpt of the booklet. The excerpt is a translated version of task 1
from Danish to English.



A. K. Mgller & C. F. Kaup / Journal of Pedagogical Research, 7(2), 108-126 124




A. K. Mgller & C. F. Kaup / Journal of Pedagogical Research, 7(2), 108-126 125




A. K. Mgller & C. F. Kaup / Journal of Pedagogical Research, 7(2), 108-126 126






