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The integration of computational thinking (CT) into primary education is often facilitated using one or more CT tools, such as block-based programming environments and educational robotics. A major concern is that these CT tools often are used to design mathematics classroom activities that focus on CT at the expense of mathematics. Hence, there is a need to investigate more closely how CT tools can be used in primary mathematics classroom activities in ways that enable a stronger focus on the learning of mathematics. Using information ecology as a theoretical lens, this study aims to understand how and why CT tools are integrated into primary mathematics classrooms, and how teachers value the possible contributions of such tools. We draw on multiple interviews with two primary teachers, recordings of planning sessions where classroom activities that include CT were designed, the classroom implementations themselves, and reflective conversations with the teachers after the CT tools were integrated in their mathematics classrooms. A deductive analytical approach to our data revealed that (1) CT tools, to varying degrees, facilitate the learning of mathematics; (2) some CT tools were valued by teachers as a better ‘fit’ than others; and (3) CT tools are primarily used to support the learning of geometry, excluding other mathematical domains. Based on these findings, we suggest that there is a need for more research on the use of different CT tools and their role in the learning of primary mathematics. Moreover, more research is needed to understand how CT tools can be used in topics other than geometry.
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1 Introduction

In many countries, a recent trend has been to include computational thinking (CT) in school curricula (Kafai and Proctor, 2022), either as a subject in its own right (e.g., England, Hungary, Greece, and Turkey), as part of an existing subject (e.g., Norway and France), or as a combination of the two (e.g., Finland) (Bocconi et al., 2022). This inclusion mirrors CT’s status as an essential 21st-century skill crucial for fostering children’s critical and analytical thinking (Voogt et al., 2015) and for promoting computer science-inspired abstract thinking, which is important for students’ future careers (Weintrop et al., 2016). Recently, in its revised school curriculum, Norway introduced CT into the mathematics, science, music, and arts and crafts curricula (Norwegian Directorate of Education and Training, 2020a). This imposed the need for mathematics teachers—whom we focus on in this article—to design classroom activities that include CT. While scholars such as Weintrop and Wilensky (2015) and Shute et al. (2017) have highlighted the natural ways in which CT and mathematics complement each other, many teachers have found the integration of CT into mathematics education challenging (Rich et al., 2019). This is often due to a lack of prior CT training, insufficient time for upskilling initiatives, and difficulties in finding connections between existing practices and CT (Reichert et al., 2020; Bocconi et al., 2022; Nordby et al., 2022b).

Recent efforts to define CT in school contexts have resulted in various ways of describing CT (Palts and Pedaste, 2020). For instance, in the literature on CT in education, researchers have inconsistently described CT as CT concepts (Barr and Stephenson, 2011), CT practices (Weintrop et al., 2016), CT perspectives (Brennan and Resnick, 2012), CT facets (Shute et al., 2017), CT aspects (Komm et al., 2020), and CT skills (Wing, 2006), resulting not only in confusion about what CT encompasses, but also about how to teach, learn, and assess CT (Kalelioglu et al., 2016; Tang et al., 2020). This lack of consensus makes it hard to find out what role CT shall play in the classroom (Israel and Lash, 2020; Lv et al., 2022; Nordby et al., 2022a). While there are researchers, such as Pérez (2018), who provide examples of what the relationship between CT and mathematical practices might look like, a gap between CT and mathematical practices within practical classroom activities is evident (Nordby et al., 2022a).

Despite the inconsistent ways of addressing CT in education, it is easy to get the impression that CT is often, if not always, included in mathematics classroom activities using different tools (see, e.g., Chan et al., 2023). Block-based programming languages (such as Scratch) and educational robotics (such as Bee-Bot) are often used in primary mathematics classroom (Nordby et al., 2022a). Therefore, in this paper, we focus on such tools which we refer to as CT tools. A major concern with most (if not all) of these CT tools is that, generally, activities that include their use most often produce CT activities rather than mathematical activities (Chan et al., 2023). Hence, more research is needed to investigate more closely how CT tools can be used in primary mathematics classroom activities in ways that enable a stronger focus on the learning of mathematics.

Considering the growth in the availability of CT tools (Chan et al., 2023), in this paper we report on two Norwegian primary school mathematics teachers’ attempts to integrate different CT tools into their teaching practices, while reflecting on how these CT tools can support the learning of mathematics. Hence, we propose the following research questions:


How and why are CT tools being integrated into primary mathematics classroom activities?

How do primary mathematics teachers, if at all, value the possible contributions of CT tools in teaching mathematics?
 



2 Literature review

Considering the vast number of CT tools available (Chan et al., 2023), and due to the focus of this paper, we continue here by reviewing the literature on how different visual block-based programming languages and educational robotics have been integrated and used in primary mathematics classroom activities. We have chosen not to include text-based programming languages as these are not common in primary mathematics classrooms.


2.1 Visual block-based programming languages

Several visual block-based programming languages have been developed for educational purposes, such as LogoBlocks, Alice, and Scratch (Weintrop and Wilensky, 2015). In visual block-based programming languages coding blocks are dragged and dropped to give instructions to solve the task at hand. Scratch is the most popular visual block-based programming language and is widely used to enhance students’ CT learning (Moreno-León and Robles, 2016).

While the literature shows that Scratch is mostly used in subject areas such as computer science and programming courses (Zhang and Nouri, 2019), there is also an increasing number of studies reporting on the use of Scratch in primary mathematics classrooms (see, e.g., Martinez et al., 2015; Calder, 2019). Studies on the use of Scratch in mathematics have focused on students’ mathematics learning (e.g., Rodríguez-Martínez et al., 2020; Laurent et al., 2022; Al-Otaibi et al., 2023) and mathematical thinking (Gadanidis et al., 2018; Miller, 2019), as well as on teachers’ reflections on using it in their mathematics classrooms (e.g., Sjöberg et al., 2018; Iyamuremye and Nsabayezu, 2022). In their systematic literature review, Nordby et al. (2022a) showed that only a few studies have reported on successful ‘full integrations’ where CT tools and mathematics showed to have a reciprocal relationship within primary mathematics classrooms’ activities. Nordby et al. (2022a) succeeded in finding only two such studies, namely that of Gadanidis et al. (2018), who used Scratch and Google’s Blocky to introduce students in Canada to the ideas of symmetry and group theory, and that of Miller (2019), who investigated Australian students’ mathematical thinking related to patterns and structures using Scratch. In addition, a more recent study of 21 primary teachers showed that teachers from Rwanda expressed positive views on using Scratch in their teaching of mathematics, as it ‘supports them to visualize abstract content’ (Iyamuremye and Nsabayezu, 2022, p. 1). While these studies provide examples of the potential of integrating CT tools in primary mathematics classroom activities, there are still few that have reported on activities where CT and mathematics have a reciprocal relationship.

A byproduct of Scratch, ScratchJr, is a programming environment aimed at children aged 5–7. In his systematic literature review, Stamatios (2022) showed that while most of the relevant studies (n = 18) reported ScratchJr to be helpful in teaching preschoolers about CT and basic coding skills, less is known about how it can play a role in the learning of mathematics. One study on the issue showed how ScratchJr was used in activities focusing on counting and pattern recognition for 4–7-year-old Latin American students (Vega et al., 2021). Pre-and post-test scores revealed that the use of ScratchJr had a positive effect ‘on the development of early mathematical skills in children from 4-to-5 years old’ (Vega et al., 2021, p. 253). As such, while Vega et al. (2021) showed that ScratchJr can provide advantages for the learning of mathematics, most studies do, however, report on ScratchJr being mainly used for coding activities (Stamatios, 2022).



2.2 Educational robotics

There have been research reports on different types of educational robotics used in primary mathematics classrooms, such as Lego Mindstorms and VBOT with physical robots (Ioannou and Makridou, 2018). In a systematic literature review, Seckel et al. (2023) investigated how 25 studies reported on the use of Bee-Bot (one educational robotic tool). Seckel et al. (2023) concluded that Bee-Bot was an appropriate resource for the development of CT skills, although little was said about the mathematical learning outcomes gained from using it. The missing out on mathematics learning opportunities seems to be a recurring concern; Bee-Bot is reported as being primarily used to learn CT. However, there have been some promising thoughts on how CT skills could be transferred to enhance mathematics learning (Angeli and Valanides, 2020; Cervera et al., 2020). For instance, Muñoz et al. (2020) reported on how Bee-Bot was used in developing logical mathematical thinking skills in Panama. They reported on students obtaining ‘a favorable level of performance in the different challenges proposed’ (Muñoz et al., 2020, p. 22).

A study by Bartolini Bussi and Baccaglini-Frank (2015) reports on how Bee-Bot was used in northern Italy to design primary mathematical classroom activities, focusing specifically on a mathematics learning goal. They reported on how Bee-Bot was used in primary mathematics classrooms to introduce the idea of rectangles for grade 1 students. By including activities using sequences of commands for creating rectangles, and from students’ notion of seeing it as a ‘squarized O’ (Bartolini Bussi and Baccaglini-Frank, 2015, p. 398), the authors concluded that Bee-Bot could contribute to students developing an understanding of what a rectangle is. Moreover, in a later study, Baccaglini-Frank et al. (2020) investigated Italian primary mathematics teachers’ ideas on using GeomBot educational robotics (similar to Bee-Bot) to create teaching activities that provide geometrical experiences for their students. Baccaglini-Frank et al. (2020) reported that GeomBot led teachers and students to focus on concepts such as internal and external angles. The teachers in the study agreed that working with GeomBot ‘provided greater ease’ (Baccaglini-Frank et al., 2020, p. 387) for the students to engage in mathematics. Baccaglini-Frank et al. (2020) suggested that GeomBot lead to new ways of discussing geometrical attributes in primary mathematics classrooms. The findings from these two studies (Bartolini Bussi and Baccaglini-Frank, 2015; Baccaglini-Frank et al., 2020) indicate that educational robotics has the potential to be used in a meaningful way in geometry.

There are also other variants of educational robotics used for promoting CT in education. One example is micro:bit, which is used in primary classrooms to promote students’ problem-solving skills and coding abilities (Carlborg et al., 2019; Brandhofer, 2021; Kalogiannakis et al., 2021). Studies where micro:bit is used in primary mathematics classrooms are sparse. Carlborg et al. (2019) used micro:bit to investigate how Swedish mathematics teachers produce teaching materials that can enhance students’ autonomy and scaffold their progression in basic programming concepts. As such, micro:bit was used to create activities where problem-solving, programming, and coding skills were foregrounded rather than mathematics. That being said, micro:bit also allows for connections to robotics, such as Bit:Bot (Lobnig et al., 2022). One small-scale intervention study conducted by Heim and Wang (2023) reported on how Bit:Bot can provide learning opportunities for Norwegian students within both programming and a specific subject, such as mathematics. While focusing on how 36 students perceived the possibilities of using programming in mathematics, Heim and Wang (2023) found that only seven reported that they found any connection between programming and mathematical contexts.

In sum, there is a growing body of research focusing on how CT tools promote CT skills in mathematics (e.g., Stamatios, 2022; Seckel et al., 2023). Relatively few studies have focused on how such tools can be used to facilitate primary mathematics classrooms activities. The studies that do exist show that there are opportunities for the use of CT tools to design such activities (see, e.g., Gadanidis et al., 2018; Baccaglini-Frank et al., 2020). More research is needed to understand not only how CT tools are being integrated into primary mathematics classroom activities, but also why. Furthermore, there is a need to understand whether primary mathematics teachers value the possible contribution of CT tools in teaching mathematics. Therefore, in this paper, we investigate the integration of CT tools in primary mathematics activities focusing not only on the ‘how’ but also on the ‘why’. Furthermore, inspired by the duration in the field reported on by Baccaglini-Frank et al. (2020) our paper reports over an eight-month data collection period.




3 Theoretical framework

In this study, we draw on Nardi and O’Day’s (2000) notion of information ecology, understood as a ‘system of people, practices, values, and technologies in a particular local environment’ (Nardi and O’Day, 2000, p. 49). As such, the notion of information ecology can be used to investigate interactions between people and technologies within a specific ecology. When studying ecological systems, Nardi and O’Day (2000) highlight that evolution is important and often investigated in terms of how new technologies are established in already existing systems. New technologies enter ecological systems for a reason. For example, CT tools in the Norwegian mathematics classrooms was prescribed by the new curriculum (Norwegian Directorate of Education and Training, 2020a). In this study, we investigate how CT tools, as a new technology, are integrated into the primary mathematics classroom. While doing so, we view the primary mathematics classroom as a local ecological information system comprising people (teachers and students), practices (mathematical activities), values (teacher and student’s values), and technologies (tools used in mathematical activities).

When investigating the integration of different CT tools - as a new technology - into the primary mathematics classroom, we acknowledge, as suggested by Nardi and O’Day (2000), that these CT tools must be considered in the context of existing core values in the information ecology being studied. An example is the introduction of the calculator, where discussions of its place in the mathematics classroom ecology were grounded in whether activities facilitated by the calculator ‘fit’ with existing core values.

According to Nardi and O’Day (2000), it is the key actors in the ecology that determine and shape the new technology to fit into established practices. The key actors in this study are the primary mathematics teachers, as they are the ones that are responsible to ascribe meaning to using CT tools (as a new technology) within their existing teaching practice. Nardi and O’Day (2000) state that in determining how actors make sense of new technologies within an ecology, core values come into play. Within the primary mathematics classroom, core values typically focus on nurturing the best possible practices for mathematical learning, such as mathematical modeling (English, 2004).

Nardi and O’Day (2000) highlight that values are challenged by new technologies, possible entailing negotiation processes. These consist of interactions and interpretations that contribute to forming and defining the ecology. We suggest that integrating CT tools into primary mathematics teaching practices may lead to negotiation processes when teachers try to understand how CT tools can be used to design mathematical activities. Moreover, as stated by Nardi and O’Day (2000), the key actors may need to undertake some translating efforts in their negotiation process when attempting to adapt the use of the technology (here, CT tools) to fit into the established information ecology (the primary mathematics classroom). As such the integration of new technologies in established ecologies can also be a question of to which extent there is the need for translation, where little or no need for translation might lead to better chances of sustainability in the ecology (Nardi and O’Day, 2000).

Viewing CT tools as new technologies that have entered the primary mathematics classroom, a question that can be raised is how primary mathematics teachers value the possible contributions of CT tools in teaching mathematics. Drawing on and adapting Zhao and Frank’s (2003) model of a teaching eco-system, we place CT tools as the new technologies (see Figure 1). While Zhao and Frank (2003) focus on the broader eco-system, including the institutional school context, we zoom in on the primary mathematics classroom ecology, where we focus on how teachers may or may not need to negotiate or translate the activities that the CT tools facilitate in order to fulfill mathematical activities.

[image: Figure 1]

FIGURE 1
 Key concepts in the primary mathematics classroom ecology, adapted from Zhao and Frank (2003).


We continue by outlining our methodological choices that allow us to look at CT tools as ‘newcomers’ and to what extent they can be adopted in existing ecologies.


4 Methodology

Data were collected over a project period of 1.5 years where the focus was on investigating CT in primary mathematics education. In this paper we draw on data collected during the final 8 months of the project period. We focus on two teachers who, like most teachers in Norwegian primary schools, are non-specialists, meaning that they teach all subjects. They were recruited through convenience sampling, where the first author contacted various schools that signposted commitment to CT-related areas of focus on their schools’ web pages.

Since neither of the teachers had been trained in CT or programming, and both lacked previous experience in using different CT tools, this study was designed using a research-practice partnership approach (Coburn and Penuel, 2016). This approach enabled the first author to establish a long-term relationship with the two teachers to get an in-depth and comprehensive understanding of them integrating CT into their existing teaching practices. The first author actively participated in the planning and implementation of both teachers’ lessons, not as an expert, but by contributing with ideas and asking questions that prompted discussions and reflections. When one of the teachers for example planned an activity using the CT tool Bee-Bot, the first author could ask: ‘Where do you see the mathematics in this activity?’ or ‘How can we use this CT tool to create an activity with a mathematical focus?’. Also, when needed, the first author assisted both teachers conducting the lessons, helping out with practicalities.

The two teachers included in this study worked at different schools (both with approximately 600–700 students) in a large city in the eastern part of Norway. We proceed by giving a more detailed presentation of the two teachers (Olivia and Kimmi, both pseudonyms) and of how the participatory role of the first author played out. This is followed by a presentation of the study’s data collection methods, after which we end this section by outlining the steps taken in the analysis process.


4.1 Olivia

Olivia has 60 Credits in mathematics (equivalent to 1 year of full study) as part of her teacher education and 2 years of experience as a primary mathematics teacher. At the time of our study, Olivia was teaching grade 1 (aged 6–7 years), and 12 of her students agreed to participate (signed forms were provided by the students’ parents).

In agreement with the first author of this paper, Olivia decided to use an online license-based work package provided by the Norwegian Directorate of Education and Training (2020c). The aim of this work package was to help teachers integrate CT into existing subjects, such as mathematics. The work package included different modules directed to the subject of mathematics, and Olivia and the first author chose to use a module that provided plans and ideas suitable for grades 1–4. During the 8 months that the data collection took place, the following three modules were used: one on basic structures in programming, one on CT in mathematics, and one on programming in mathematics. The teaching plans and ideas in the work package were used for inspiration, while the actual activities were designed to fit the CT tools Olivia preferred to test and use, namely Codespark, Bee-Bot, ScratchJr, and an unplugged approach. Kamilla, one of Olivia’s colleagues, was invited to the planning sessions. Kamilla and Olivia were used to planning their mathematics lessons together, so instead of disrupting their routine, Kamilla participated with ideas and reflections on how CT tools could be used to design different mathematical classroom activities.



4.2 Kimmi

Kimmi has 30 ECTS in mathematics and 26 years of experience as a mathematics teacher. She was teaching mathematics in grade 5 (aged 10–11 years), and 24 of her students agreed to participate.

Kimmi did not use the license-based work package. Instead, through discussions with the first author regarding how to integrate CT into her teaching practice, Kimmi decided to involve a teacher responsible for technology at the school in one of the planning session of the CT-inspired lessons. This teacher introduced the educational robotics tool Bit:Bot to Kimmi. Consequently, Kimmi decided to use Bit:Bot in her first two lessons that were observed. In planning the next two lessons, Kimmi and the first author discussed how the block-based programming language Scratch could be integrated. Consequently, Scratch was the educational objective for the final two lessons.



4.3 Data collection

The data corpus consisted of planning sessions (audio-recorded), observations of lessons (video-recorded), and reflective conversations (audio-recorded). During the lessons that were observed, a wireless microphone was attached to the teacher, and a video camera was placed on a tripod. This enabled the first author to move the video camera around the classroom to capture the conversations the teachers had with their students. All the collected data were transcribed in full by the first author in the original language (Norwegian) and organized according to the CT tool that was used.

During the 8 months of data collection (see Figure 2), Olivia integrated four different CT tools—Codespark, Bee-Bot, ScratchJr, and an unplugged approach—into her teaching. The data collection from the Codespark and ScratchJr lessons consisted in total of four planning sessions (45–60 min), four lesson observations (35–40 min), and four reflective conversations (5–10 min). The Bee-Bot lessons consisted in total two planning sessions, three lessons observed and three reflective conversations. The unplugged approach consisted of one planning session, one observed lesson, and one reflective conversation.

[image: Figure 2]

FIGURE 2
 Data collection.


Kimmi used two different CT tools in her teaching, namely Bit:Bot and Scratch. The data collection from the Bit:Bot integration consisted of one planning session (45–60 min), two lesson observations (70–80 min), and one reflection conversation (5–10 min). The same amount of data was collected for the Scratch integration.

In addition to the sets of data described above, the first author conducted two semi-structured interviews with each teacher, one at the very beginning of this participatory project phase (30 min) (see the interview-guide in Appendix 1) and one at the end (60 min) (see the interview-guide in Appendix 2). The intention was to capture the two teachers’ reflections on the role that CT tools play in designing mathematics classroom activities before having tried them and after several conducted lessons. For instance, they were asked, ‘How do you think the different CT tools contribute to the mathematical activity?’ and ‘To what extent do you think that the CT tool can be integrated into the teaching of mathematics?’

The overall project was given ethical approval by the Norwegian Social Science Data Service, ensuring the interests of the participants. Written informed consent was obtained from the participating teachers and the parents of the participating students prior to the start of the research project.



4.4 Analysis

Drawing on Nardi and O’Day’s (2000) notion of information ecology, we used a deductive approach when analyzing our data in five steps using the Hyper Research software:

1. Transcription: The data, covering four interviews, nine planning sessions, 12 observation sessions and nine reflective conversations, were transcribed. Participants talk was transcribed. In addition, a description of activities during periods of silence, such as ‘students worked silently’, or ‘teachers read in their curricular materials’, in the observation data was included. Utterances that were not related to mathematics and/or CT (e.g., students discussions of what to do during the recess) were not transcribed. Non-verbal activities were transcribed when these were related to teaching and learning activities, but not transcribed if they were not related to mathematics and/or CT.

2. Identifying sequences: The data were content logged to identify sequences where both CT and mathematics were involved. In order to identify these sequences, we searched the data for specific activities or use of terms that involved the use of CT language such as ‘code [the Cat] it’ or ‘programming blocks’. We also searched the data for mathematics language such as ‘coordinates’ or ‘squares’. These excerpts were highlighted for further analysis. Sequences that did not involve both CT and mathematics were excluded as the focus in this paper is on the integration of CT in primary mathematics.

3. Categorization: The sequences where CT and mathematics were involved were categorized drawing on the information ecology perspective (Nardi and O’Day, 2000). An example of this is negotiation. In categorizing a sequence as ‘negotiation’, we studied how the teachers used the features in the CT tools (e.g., commanding blocks such as loops or steps) to facilitate mathematical content in the classroom, and whether the teacher needed to negotiate the use in order to meaningfully integrate the CT tool in their existing teaching practices.

4. Presentation: Data excerpts were selected for further analysis. Relevance was based on whether these were typical/atypical.

5. Translation into English: Excerpts selected for further analysis were translated into English after analysis in order to stay as close to the data as possible.

While the number of participants presented in this paper may initially seem limited, this limitation is offset by the researcher’s duration in the field. During the eight-month period that we spent in the field, and the combination of methods, planning sessions, observations and reflective conversation we were able to study the teachers’ practices in depth.





5 Results

The following section is organized according to the CT tools used by the teachers: Scratch, ScratchJr, Bee-Bot, and Bit:Bot–micro:bit. While focusing on how and why the CT tools were integrated into primary mathematics classroom activities and how the teachers valued them as part of their mathematics teaching practices, each section reports on the negotiations and translations needed.


5.1 Scratch

In one of the planning sessions, the first author and Kimmi discussed how Scratch, a CT tool Kimmi had previously used in her class, could be used to meet the mathematical goals outlined in the curriculum. Scratch is a programming environment that allow the students to combine different blocks to design for example games or stories (see Figure 3).

[image: Figure 3]

FIGURE 3
 The programming environment in Scratch.


According to the Norwegian school curriculum for grade 6, students shall ‘use variables, loops, conditionals, and functions in programming to explore geometric shapes and patterns’ (Norwegian Directorate of Education and Training, 2020b). Consequently, in one of the planning sessions, Kimmi decided to use Scratch when designing activities for two of her lessons to ‘create geometric shapes, such as triangles, squares, circles, and spirals’ (Kimmi, planning session). In the following extract, Kimmi introduces Scratch to her grade 5 students and discusses how to create squares and rectangles:

1. Kimmi: When you click on this [Kimmi points to the green flag], you can start. It is also smart to have blocks from Control [the orange dot named ‘Control’] here is one called Repeat. Why is it smart to have Repeat?

2. Student: [Sound is unclear.]

3. Kimmi: Yes, it is true what you [the student] say, that you should repeat and do the same thing several times. But if you are creating a rectangle, can I repeat it four times, then?

4. Student: No.

5. Kimmi: No. Why not?

6. Student: Because all the sides are not the same length.

7. Kimmi: And what do we call it when all the sides are the same length?

8. Student: A square. But if we create a rectangle, then you can use Repeat twice.

In utterance 1, Kimmi introduces the program and the different ‘block’ commands to the students. She asks the students why ‘Repeat’ is a smart block to use when programming the Cat to move in a given number of steps (see Figure 4) making an effort of translating the language used in the CT tool into a mathematical context. In her introduction, Kimmi focuses on the CT concepts (Control and Repeat), and then turns the discussion to mathematics in utterance 3 by asking whether repeating the command ‘four times’ is the correct way of proceeding when creating a rectangle. The student’s response in utterance 6–8 reveals that he/she is fully aware of the difference between a square and a rectangle.

[image: Figure 4]

FIGURE 4
 A reconstruction of Kimmi’s results after the whole-class conversation (the board image was unclear).


The Scratch environment accepts commands using the term ‘Steps.’ Both the teacher and the students easily accepted this as a translation of the mathematical term ‘length,’ which is needed when discussing geometric shapes (squares and rectangles) in terms of the length of their sides. In using terms that are readily accessible and that are easily translated into mathematical language, translation efforts are minimal between the CT tool and the discussion of the attributes of rectangles and squares. To a certain extent, the CT tool enables the visualization of mathematical activities, such as walking or drawing a geometrical shape. When the Cat ‘walks’ the shape, this gives room for discussing squares and rectangles in terms of geometrical attributes. The above discussion, while within the realm of mathematics, focuses on CT and understanding the role of commands such as ‘Repeat’. In the following, where the students and the teachers continue working with geometrical shapes, mathematics is foregrounded within the realm of the CT tool Scratch:

1. Kimmi: 150 [enters 150 steps into the block]. Okay!

2. Student: Then you need to turn 90 degrees.

3. Kimmi: Turn 90 degrees, okay. What do you want to do now? We moved 150 steps and turned 90 degrees.

4. Student: Walk 100 steps.

5. Kimmi: Why not 150?

6. Student: Because then it becomes a square.

In the above conversation, we see that mathematics is foregrounded. Kimmi does not mention what blocks the students should use, but rather how the selected blocks can be used to construct a rectangle. Utterance 4 and 5, for example, show how Kimmi and her students discuss what numbers to insert into the blocks for the shape to become a rectangle. The discussion in the above excerpt is therefore rooted in mathematics rather than in CT. As a CT tool, Scratch appeared to facilitate mathematical activities, fitting in with current practices.

However, despite the apparent ‘good fit’ between Scratch and mathematics, in the post interview, Kimmi pointed out a challenge, that can be seen as a negotiation with the CT tool, revealing doubts about its usefulness. She found its use to be connected only to ‘maybe mostly geometry’ (Kimmi, post-observation interview). Kimmi’s perspective was that this CT tool made a rather narrow contribution, as it was only usable in parts of her mathematics teaching practices.



5.2 ScratchJr

Olivia had some experience using ScratchJr when teaching Norwegian to her students and wanted to find ways to integrate it into her mathematics teaching as well. ScratchJr is a programable app, redesigned from Scratch, that allows the students to snap together blocks to make the Cat move (see Figure 5).

[image: Figure 5]

FIGURE 5
 The ScratchJr environment with its turning blocks.


Olivia used ScratchJr in two of her grade 1 lessons to design activities involving squares and rectangles in the first lesson and coordinates in the second. During a planning session, Olivia recounted what she had planned for her lessons using ScratchJr, she wanted to ‘show them [the students] the grid, show them the starting block, and show them the blue ones [the motion blocks], and tell them to make the Cat walk in a quadrilateral.’ (Olivia, planning session). Olivia starts the lesson by introducing what blocks the student can use to create a quadrilateral in ScratchJr. At the end of the lesson, Olivia sums up the mathematics activity by choosing three students to present their work using a whiteboard projector. After having presented how one of the students solved the task of creating a quadrilateral, Olivia and the presenting student discussed the solution (see Figure 6):

1. Olivia: How many [programming blocks] are there straight ahead?

2. Student: Five.

3. Olivia: One, two, three, four, five [drawing the lines with a whiteboard marker depicting the movement blocks]. How many up?

4. Student: Three.

5. Olivia: Three. How many are there going back [referring to the blocks with arrows pointing left shown in Figure 6]?

6. Student: Five.

7. Olivia: And how many down?

8. Student: Three.

9. Olivia: Does the Cat walk in a square or a rectangle?

10. Student: Rectangle.

11. Olivia: Why’s that?

12. Student: Because there are two more; they are slightly longer than those [pointing at the lines].

13. Olivia: Yes, here, it takes five steps, and here, it takes three steps; here it takes five steps, and here it takes three. Do you agree that there are two short and two long sides?

14. Student: Yes!

15. Olivia: Yes. Then it is called a rectangle.

[image: Figure 6]

FIGURE 6
 Image from the student’s explanation of how the Cat moves.


In the absence of a commanding block that visualized the movement of the Cat in ScratchJr, utterance 3 in the extract above and Figure 6 show how Olivia used a whiteboard marker to draw the identified steps. In utterance 1–8, the focus is on how many blocks the Cat has to ‘walk” to create a rectangle. Olivia asks the student in utterance 9 if the Cat walks in a square or a rectangle, which makes the student argue that the geometrical figure must be a rectangle, since the side lengths are unequal. Here, we see how Olivia uses the student’s solution in ScratchJr to discuss the characteristics of rectangles, by translating the program’s language to that of mathematics. Hence, the mathematical focus in the summing up appears to be twofold: first, counting the steps (as a means to measure length), and second, investigating geometrical shapes (a result of direction and counting).

Initially, it seemed that using ScratchJr did not require extensive translations to facilitate mathematical discussions of numbers (counting) and the relationship between numbers, directions, and the attributes of geometric shapes. However, during the lesson, we observed how some of the students ran into difficulties, as the figure drawn by the Cat took the form of a circle: ‘Mine [the Cat] only goes in a circle.’ (Student, observed lesson). Olivia’s workaround for this challenge was to use a whiteboard marker to draw the movement of the Cat ‘walking’ a rectangle. She highlighted that, as the interface in ScratchJr did not have a block command that could be used to draw the Cat’s movements, this challenged the visual representation of the rectangle:


I noticed that, because when they made small ones [squares], it was very difficult, and some said that it went in a circle. And I understand why they thought that, because it [the Cat] turns, so it can almost look like it is going in a circle … um … so I noticed when I drew the lines [on the whiteboard], and then they saw it. So, we should have had that pen (Olivia, reflective conversation)
 

As Olivia pointed out, it appears that the lack of a pen created the need for some translations while using the CT tool, where the aim was to understand the different attributes of geometrical shapes. Olivia’s workaround of using a whiteboard marker can be understood as a translation needed for the CT tool to facilitate what she found important in the activity. Using the CT tool was not enough to visualize the different attributes of geometrical shapes and could potentially lead to confusing images (a circle rather than a rectangle). The introduction of the whiteboard marker functioned to fill the gap between the teacher’s intentions for the mathematical activity and the limitations of the CT tool.

ScratchJr was also used by Olivia in the same class a few weeks later. The following extract shows how Olivia integrated ScratchJr to design a mathematical activity that focused on coordinates, as she found that coordinates was a part of its interface. Olivia introduced the lesson by uploading an image of a classroom and using it as a background scene in ScratchJr (see Figure 7). Olivia talked the students through their task by explaining how to code the Cat to move to a specific item in the ScratchJr background (from the bottom left to a drawer on the right in Figure 7) and to eventually find the new coordinates for the Cat.

1. Olivia: The first task is for you to place Scratch [Olivia used the name Scratch for the Cat] at the coordinates (3, 3). You can clearly see that there is a big blue circle around the coordinates—horizontal and vertical. Today, you must use only yellow and blue [movement] blocks. We always start with the yellow [block] and insert a starting block […] with a green flag. You can make [the Cat] go anywhere in the classroom. I think I want [the Cat] to walk to the drawers. Then, I must try to code him [the Cat] there. (.) [Olivia explains how she wants her blocks to be nine forward, six up, and six forward].

2. Olivia: So that will be my code. Let us see where he [the Cat] ends up (.). And then the question is, what coordinates is [the Cat] on now? He started in (3, 3). What are the coordinates now?

3. Student: (9, 18)

4. Olivia: (9, 18) (…) We always say the number that goes horizontally first, so the coordinates become (18, 9) [writes on the board using a whiteboard marker].

[image: Figure 7]

FIGURE 7
 Olivia writes the coordinates from utterance 4 on the whiteboard.


Since Olivia had already used ScratchJr in a previous lesson, the students were familiar with how the CT tool worked. From the above extract, we can see that Olivia uses little time discussing the different blocks’ actions, but instead focuses on how they are used to move the Cat within the coordinate system. Utterance 1, for example, shows that Olivia only gave a brief explanation to her students about how to use the yellow and blue blocks (motion and event) before moving on to focus on mathematics in utterances 2–4. To direct the Cat to the desired location, Olivia uses CT language (‘code him’) as well as mathematical language (‘coordinates’) to show how both the CT tool and mathematics play an important role in the activity:


There is a grid and coordinate system and coordinates. Absolutely, that is what it is. … I feel that it was more the task [coordinates] now than only the coding. But you had to use your knowledge to create the codes to be able to get to those coordinates… so now the programming was used more to help to learn about coordinates (Olivia, reflective conversation).
 

As the extracts above illustrate, Olivia reflects on how she found ScratchJr to be suitable for promoting a mathematical activity involving coordinates. Olivia’s experience with ScratchJr when working with coordinates contrasts with her experience with the same tool when working with geometrical shapes. While ScratchJr entailed some translations on Olivia’s part, as the lack of pen or tracing led to mathematical misconceptions, (a square looked like a circle), there was little need for translations in working with coordinates.



5.3 Bee-bot

The educational robot Bee-Bot is a CT tool that Olivia’s school had bought. In this way, she found it interesting to use. To program and make the Bee-Bot move you push the buttons on top and push ‘go’ (a picture of the Bee-Bot is shown in Figure 8).

[image: Figure 8]

FIGURE 8
 Top view of the Bee-Bot.


Olivia decided to design one activity where the Bee-Bot was used for a mathematical activity. The following extract shows how Olivia and Kamilla planned and discussed how and why they could integrate Bee-Bot to design a mathematical activity focusing on squares and rectangles:

1. Olivia: Yes, it [Bee-Bot] should return to where it starts, or should it then also go in a square?

2. Kamilla: Yes, because I think they [the students] can understand the term [square] just fine. Like, you can try [to create] the square, but you do not need to talk about the characteristics of the square but use the term. (.)

3. Olivia: Okay, I will draw it [the square] on the whiteboard so they can see what it is. But there is a difference between a square and a rectangle in the form of two, two, turn, two, two, turn, or if they take three, two, turn [referring to Bee-Bot’s movements]. This might be the first task, then.

In this conversation, Olivia and Kamilla agree that the CT tool can be used to teach the students about squares, but Olivia points out in utterance 3 that she wants to use Bee-Bot to point out the distinction between squares and rectangles to their students. Their conversation did not concern discussions about CT, but rather how this CT tool could be used to construct geometrical shapes in terms of the number of movements and turns. Initially, it appeared as if the teachers saw the potential for designing a mathematical activity involving squares and rectangles using the Bee-Bot.

Olivia started the lesson with a whole-class conversation about the difference between squares and rectangles on the whiteboard and how the Bee-Bot could be used to create movements of squares and rectangles. After a short introduction, Olivia made the students choose whether to work with a square or a rectangle and made them start by drawing the chosen shape on a piece of paper. Next, the students were told to draw the arrows needed to push on top of the Bee-Bot to make it move in their chosen shape (see Figure 9). When they finished drawing the arrows, they were asked to verify their ‘code’ by inserting it into the Bee-Bot and pushing GO. The following extract and Figure 9 show how one group of students, together with Olivia, worked on this task.

1. Olivia: Okay (…) How many steps must he [Bee-Bot] walk forward? What do you think?

2. Student: Three. [The student draws three forward arrows on the paper; see Figure 9.]

3. Olivia: Okay, now he [Bee-Bot] is standing here [pointing at the upper left corner of the rectangle on the sheet]. What is he going to do now?

4. Student: There. [Presses the left arrow on Bee-Bot and draws an arrow turning left.]

5. Olivia: Yes, turn around. Then he turned around and is now standing that way [moving Bee-Bot by lifting it and placing it in the correct direction]. What should he do now?

6. Student: Go down one. [The student draws one forward arrow on a new line on the paper.] (.)

7. Olivia: Okay, one down. So, what does he do? [The student pushes the left arrow on Bee-Bot and draws one right arrow.] Hmm, then he turns [lifting Bee-Bot]. How many steps does he have to walk now? [The student draws three forward arrows on the first line of the paper and inserts three forward arrows in Bee-Bot.]

8. Olivia: Yes, and then it comes here. [She points to the bottom right corner of the rectangle and lifts Bee-Bot to that place.] What must he do now? [The student pushes the left arrow but does not draw the arrow.] Yes, he must turn [Olivia turns Bee-Bot], and how many up? [The student pushes one up on Bee-Bot but does not draw the arrow.] Okay, let us try. [The student pushes GO, and Bee-Bot moves in a rectangle: three, turn left, one, turn left, three, turn left, and one.]

[image: Figure 9]

FIGURE 9
 Students and Olivia working on creating a movement for Bee-Bot to walk the shape of a rectangle.


The extract shows how the Bee-Bot has the potential to promote a mathematical activity in two ways. First, the students were involved in a spatial experience involving squares. For example, utterance 5 shows how Olivia uses Bee-Bot as a physical representation to concretise correspondence between the arrows on top of Bee-Bot and how it moves on the floor. The combination of lifting the Bee-Bot to first indicate where it should move and later seeing the Bee-Bot’s own movements is an activity involving spatial insights into rectangles.

Second, the students were invited to focus on the length of the lines in creating a rectangle. By drawing the arrows before transferring the commands to Bee-Bot, (utterance 2) shows how the students were engaged in how many arrows and ‘pushes’ were needed to create, in this case, a rectangle. Both the spatial exploration and the use of the non-standard units of arrows show how the Bee-Bot has the ability to facilitate activities with squares and rectangles.

Adding of a sheet of paper used to draw the instructions that the students should insert into the Bee-Bot, reveals the translation efforts Olivia found necessary to concretise the actions of the Bee-Bot in the activity. Utterance 1 and 2, for example, show how Olivia encourages the student to demonstrate how many arrows, referred to as steps the students needed to program the Bee-Bot to move along the lines of the rectangle. However, this extract also shows how difficult it was for the students to write down the correct sequence. Utterance 8, for example, shows that the student does not draw one of the arrows, and Figure 9 shows that it is an error in the sequence of arrows, because the students lack accuracy in drawing the arrows in the right order. Consequently, it was not easy to understand which arrows on the sheet of paper corresponded to the buttons on Bee-Bot, and it was easy to make mistakes.

Both the need for translations and the challenges found here add to the question of whether the role and characteristics of Bee-Bot are good enough to correspond to the commonly accepted accounts of facilitating mathematical activities in primary mathematics classrooms. Olivia reflected upon these challenges in a reflective conversation:


It was like when I was sitting with those boys [one group of students], and then… I kind of kept trying to ask about […] why it went wrong—what happened that went wrong—and they struggled to answer … so then I kind of had to tell them that … now you started with him [Bee-Bot] looking the other way to where he was supposed to be looking, … but they, because they pressed [the buttons on Bee-Bot] so quickly and just pressed GO, then you can’t quite figure out where it went wrong. It might be a matter of practice for them, but it would obviously be easier if you could see the commanding blocks, as you can in Scratch (Olivia, post-observation interview).
 

Olivia evaluated the CT tool as having some characteristics that limited rather than encouraged mathematical activities, which she found easier with other CT tools, such as Scratch. The absence of a visualization also made Olivia reflect upon how easy it was to make mistakes, but also how difficult it was to uncover mistakes. These findings raise the question of whether translating efforts and the existing challenges contribute to negotiations against values, resulting in the CT tool not finding its rightful place within the primary mathematics classroom ecological system.



5.4 Bit:Bot–micro:Bit

Kimmi was introduced to the CT tool Bit:Bot by the teacher in charge of technology at the school. He provided her with instructions of how to use it. Kimmi chose to try the Bit:Bot in two of her grade 5 lessons. Bit:Bot, a robotic ‘car’ that is not a single tool but rather a collection of CT tools: a micro:bit, a programable chip, and a block-based programming environment connected to the micro:bit (see Figure 10). The Bit:Bot is controlled by the micro:bit.

[image: Figure 10]

FIGURE 10
 (A) The Bit:Bot with the attached MicroBit, showing the marker holder and its marker. (B) The block-based programming environment needed for programming the MircoBit.


Kimmi’s main goal in designing a classroom activity was to get ‘[the students] to try to make it [Bit:Bot] move and then come back’ (Kimmi, planning session). While explaining these blocks to her students, Kimmi discussed how they could get Bit:Bot to move:


When you press driving, there are many kinds of commands. (…) Drive forward at a speed of 60%. It’s a bit difficult to know what 60% is, so we must try our best. (…) Drive forward at a speed of 60% for 400 milliseconds. Just how far? How much like that … these numbers here … you must adjust … and know … and understand … so you must try. I used this with a speed of 60%, then I turned with less speed there [pointing at the fourth block], and I had to repeat it four times. I also had this [pointing at the fifth block] repeat four times. And if we intend to return to the starting point, we must just try.
 

As we can see from the above extract and Figure 11, a prerequisite in Bit:Bot is the use of mathematical language. When Kimmi wanted Bit:Bot to move to the right, she used the block ‘drive right with speed 60% for 400 milliseconds.’ However, it was clear that this mathematical language was unfamiliar to the teacher: ‘It is difficult… we must try our best.’ Kimmi did not quite understand how the mathematics in the blocks connected to Bit:Bot’s movements, revealed by how she repeatedly said, ‘You must just try.’ Substantial translations in mathematical language were therefore needed to understand what driving at a speed of 60% for 400 milliseconds actually meant in practice. However, these translations were difficult for the teacher to understand and use, resulting in both the teacher and the students to use trial and error.

[image: Figure 11]

FIGURE 11
 Kimmi’s example of her sequence of block commands.


In the post-observation interview, Kimmi highlighted how she struggled to understand how this CT tool could be an active feature in her teaching activities when she was asked how it contributed to mathematics:


No, I still find it difficult. Like the micro:bit, for example, so I sort of did not see a connection at all. […] You maybe must set a degree and sort of think about […] the milliseconds and things like that, and you use numbers. But […] it might as well be science, because it contributes to exploration. So, you could call the subject technology (Kimmi, post-observation interview).
 

Kimmi is clearly unsure of how this CT tool can contribute to her mathematics teaching practice. She found it difficult to ‘build a bridge’ between the mathematical language used in the CT tool and the mathematical language used in her primary mathematics classroom. As such, on the basis of Kimmi’s negotiations against what she valued as important for her teaching practice, she found that Bit:Bot was not suitable for mathematical activities in grade 5, but instead she saw it as a CT tool that could be used in other subjects, such as science or technology. This raises the issue of whether this CT tool is too complex for mathematical classrooms at this level. Consequently, it may be too much work for teachers to bridge activities with the CT tool to existing activities in a primary mathematics classroom ecological system. It is therefore not clear what purpose and added contribution Bit:Bot has in such a system.




5 Discussion

By drawing on an information ecology perspective (Nardi and O’Day, 2000), we discuss how and why CT tools can be integrated into primary mathematics classroom activities and whether or not teachers value the CT tools’ possible contributions.

We recognize that the integration of a CT tool into a mathematics classroom ecological system can stage negotiations with the primary mathematics teachers’ values, which, in terms of Nardi and O’Day’s (2000) arguments, will affect their choices regarding what can and cannot be done. Hence, we start by discussing how attempts were made to integrate the four CT tools presented in the Results section into the two teachers’ mathematics teaching practices. We do this by bringing to the fore two instances of translations that did not call for any negotiations and one that did. This eventually leads us to raise some issues in relation to how and why CT tools are integrated and found to be suitable for primary mathematics activities. We end this discussion by drawing attention to how the two teachers valued the CT tools’ possible contributions.

First, from an information ecology perspective, both Scratch and ScratchJr appeared to use a language that was readily accessible and that made the translation between the given CT language and the mathematics language redundant. The ‘steps’ in both Scratch and ScratchJr can be linked to non-standardized measures for length. This was rather different from Bit:Bot, where Kimmi struggled to find how the language used could be mathematically relevant for her grade 5 students, a finding that adds to those of Heim and Wang (2023), who found a limited connection between Bit:Bot’s features and primary mathematics. From an information ecology perspective, this limited connection appears to be partly due to the language used in the CT tool. This counterexample partly strengthens the finding of the role of language in the CT tool. For CT tools such as Scratch and ScratchJr, where translation efforts were minimal between the CT tool and the discussion of the attributes of rectangles and squares. This appeared to facilitate the meaningful integration of the CT tool into the teacher’s primary mathematics activities—non-standard units of measurement are prominent in the Norwegian curriculum for mathematics in grade 2. As such, while Gadanidis et al. (2018) and Iyamuremye and Nsabayezu (2022) showed how teachers were positive about using Scratch, this study expands on their findings by showing examples of why the teachers were positive.

Second, when talking about Scratch, ScratchJr, and Bee-Bot, there was no need for the teachers to negotiate a ‘place’ for integrating the CT tool in their mathematics teaching, as the teachers found these CT tools to be conducive in foregrounding mathematics discussions. These findings are in line with those reported in other research studies, for example, that Scratch is found useful in the learning of symmetries (Gadanidis et al., 2018), ScratchJr in the introduction of counting and pattern recognition (Vega et al., 2021), and Bee-Bot when exploring squares (Bartolini Bussi and Baccaglini-Frank, 2015), to name a few. Furthermore, we also saw traces of more advanced mathematics in using ScratchJr for introducing coordinates to grade 1 students. This is in line with Gadanidis et al.’s (2018) findings where Scratch was used to introduce students in grades 3 and 6 to symmetry and group theory, the latter being a very advanced topic for primary students. Based on these findings, it appeared that Scratch, ScratchJr, and Bee-Bot contributed opportunities for primary mathematics activities, but we also found an instance where more translations was needed.

When using both ScratchJr and Bee-Bot, Olivia used different methods of translations that staged negotiations; however, in two different ways. First, when challenged by how the Cat in ScratchJr did not leave a trace, Olivia decided to use a pen to draw the Cat’s route. While the use of the pen can be viewed as a way of translations needed for meeting the immediate challenge of the Cat depicting an ‘invisible’ shape, which was necessary because the Cat’s behavior disrupted the teacher’s practice of making mathematics visible to her students. Such disruptions will, according to Nardi and O’Day (2000), contribute to the human actor’s values which in turn affect their experiences of the possibility of using such technologies. The disruption here contributed to an evaluation that a pen was needed to better visualize the results of the Cat’s walk. This observation makes it legitimate to ask whether this CT tool inhibits more than it promotes mathematical activities and, as such, raises issues of whether these tools have a place in the primary mathematics classroom ecological system.

Second, in line with Bartolini Bussi and Baccaglini-Frank (2015), our analysis showed that Bee-Bot can contribute meaningfully to mathematics classroom activities that focus on understanding rectangles. However, as with the Cat in ScratchJr, Bee-Bot does not leave a trace. This time, Olivia solved this issue by including a piece of paper on which the students were told to draw arrows that, in turn, visualized Bee-Bot’s movements on the floor. This action of visualizing the process can be regarded as what Nardi and O’Day (2000) talk about as a translation. The sheet of paper contributes to visualizing both instructions and the shape of the geometrical figure. These translations were staged in order for the CT tool to fit better with what the teachers considered to be mathematically relevant within primary mathematics education.

Finally, we draw attention to how the two teachers valued the CT tools’ possible contributions, acknowledging that the actors in a local ecological system value new technologies according to their utility (Nardi and O’Day, 2000). Our findings indicate that there is compliance between how the teachers value the CT tools’ possible contributions and the discussion above on the need for translations. A significant point is that how and why translations are staged, appear to influence the extent to which teachers find the CT tool meaningful or not. For example, even if ScratchJr appeared to use a language that was readily accessible, and therefore needed no translation in that regard, translations were needed at other times because the teacher was challenged by what the CT tools could accomplish, in this case by how the Cat in ScratchJr did not leave a trace in drawing geometrical shapes. Such a need for translation lowered the CT tool’s contribution, because it spurred negotiations against what the teacher finds important in the primary mathematics teaching practice.

Of the four CT tools included in our analysis, Scratch was the only CT tool where the teacher did not need to use extensive translations to make the activity fit into the teaching practices. However, despite this apparent ‘good fit’, the teacher had retrospective doubts about its usefulness. The teacher found that Scratch was suitable only for geometry learning. The focus on geometry learning when integrating Scratch as a CT tool is also prominent in the research literature, where studies have focused on using Scratch for geometry learning, such as patterns (Miller, 2019) and symmetry (Gadanidis et al., 2018). However, and issue can be raised if there is any point in using a substantial amount of time for both teachers and students to integrate a CT tool if it can only be used in limited parts of a mathematical topic? Will these efforts be worth it in terms of what opportunities for learning the CT tool can provide? These issues warrant further investigations.

In line with previous studies, our findings also highlight the need for upskilling initiatives for mathematics teachers (Sands et al., 2018; Reichert et al., 2020; Bocconi et al., 2022). Primary mathematics teachers need to learn more about how and when to include what CT tool. That is, we find, in line with Weintrop et al. (2016), that teachers need to learn to choose the appropriate CT tool for a given task. In sum, understanding not only how but also why teachers integrate and use CT tools in their teaching of mathematics, contributes to a better understanding of teachers’ value of CT tools in the teaching of mathematics, and additionally, of the role that CT play in teaching mathematics. We assert that a better understanding of the role of CT tools in primary mathematics classroom ecologies has implications for both future developments of CT tools, and also for the requested upskilling initiatives. However, more research is needed to further explore which CT tools are beneficial for designing primary mathematical activities. Currently, it appears that integrating CT tools into primary mathematics teaching practices is a challenging task for teachers. Considering the varied approaches to integrating CT into education globally, further research is needed to determine whether CT tools should continue to be taught as a standalone subject, within other subjects, or as a combination of the two.
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