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Computational Thinking (CT) has been included in curricula worldwide. In several countries, it is included as a part of mathematics education. Integrating CT into subjects and core curricula has challenges, with one such challenge being assessment. This study explores formative assessment of CT in mathematics through a qualitative case study of a Norwegian 10th-grade mathematics teacher and two students. The teacher's formative assessment and feedback included many questions for students. Additionally, the teacher provided hints and explanations and generated discussions with the students to initiate formative assessment. The teacher activated students as owners of their learning and connected CT to mathematics, demonstrating how assessment can enhance learning.

Introduction

In recent years, many educational systems around the world have considered the introduction of computational thinking (CT) in compulsory education [START_REF] Bocconi | Reviewing Computational Thinking in Compulsory Education[END_REF][START_REF] Yadav | Computational thinking for all: Pedagogical approaches to embedding 21st century problem solving in K-12 classrooms[END_REF]. CT is a multi-faceted term, involving problem decomposition, abstraction, algorithm design, debugging, iteration and generalisation [START_REF] Shute | Demystifying computational thinking[END_REF]. To further strengthen the connection to science and mathematics education, [START_REF] Weintrop | Defining computational thinking for mathematics and science classrooms[END_REF] propose a CT definition that suits this context, entailing data practices, modelling and simulation practices, computational problem-solving practices and systems thinking practices. The intersecting elements of CT and mathematics can motivate the integration of CT into mathematics, and countries like France, Finland, Sweden, and Norway have included CT in mathematics in compulsory education [START_REF] Bocconi | Reviewing Computational Thinking in Compulsory Education[END_REF].

In this study we follow a Norwegian 10 th grade teacher working with the recently introduced topic of CT in mathematics. In 2020, the Norwegian Directorate of Training and Education (NDET) included CT and programming in mathematics, science, arts and crafts and music [START_REF] Ndet | Fagfornyelse (curriculum[END_REF][START_REF] Vinnervik | Computational thinking as part of compulsory education: How is it represented in swedish and norwegian curricula? Nordina[END_REF]. The Norwegian definition of CT includes the core concepts of logic, algorithms, decomposition, patterns, abstraction and evaluation (Barefoot Computing, 2016), while the 10 th grade mathematics curriculum includes competence goals such as modelling situations related to real data sets and exploring mathematical properties and relationships by using programming (NDET, 2019). However, Norwegian teachers are not that well prepared to teach CT [START_REF] Nordby | Primary mathematics teachers' understanding of computational thinking[END_REF].

Internationally, one of the identified significant challenges of CT in education is its assessment [START_REF] Bocconi | Reviewing Computational Thinking in Compulsory Education[END_REF]. As CT is a relatively new topic, formative assessment of CT could aid in its successful integration into mathematics. Formative assessment and feedback have been found to support learning [START_REF] Black | Assessment and classroom learning[END_REF][START_REF] Hattie | The power of feedback[END_REF], and formative assessment has also been given a prominent place in curricula in Norway [START_REF] Ndet | Fagfornyelse (curriculum[END_REF]. However, research on CT formative assessment is scarce [START_REF] Bonner | Formative assessment of computational thinking: Cognitive and metacognitive processes[END_REF] and there is a need to examine the teacher's role when it comes to programming in mathematics [START_REF] Forsström | A literature review exploring the use of programming in mathematics education[END_REF]. Examining teachers' formative assessment practices can contribute to further understanding of the role of the teacher and the interplay between mathematics and CT. This study contributes to the field through a qualitative analysis of CT in a mathematics classroom. The research question guiding this work is:

What characterises a teacher's formative assessment of CT in a Norwegian mathematics classroom?

Conceptual framework

Formative assessment or assessment for learning is characterised by providing information that not only assesses the students' current knowledge but provides information about a way forward, and feedback is considered a fundamental element in formative assessment [START_REF] Black | Assessment and classroom learning[END_REF][START_REF] Hattie | The power of feedback[END_REF]. [START_REF] Hattie | The power of feedback[END_REF] describe how feedback has a powerful impact on learning and conceptualise effective feedback into three strands, (1) feedback about where the student is now (FeedBack), [START_REF] Hansen | Analyzing students' computational thinking and programming skills for mathematical problem solving[END_REF] where the student is going (FeedUp) and (3) where to go next (FeedForward). Additionally, I use the following facets from the framework of formative assessment introduced by [START_REF] Wiliam | Integrating assessment with learning: What will it take to make it work?[END_REF]:

• The teacher clarifies and shares learning intentions and criteria for success.

• The students understand and share learning intentions and criteria for success.

• The teacher enables classroom discussions and tasks, revealing student understanding.

• The teacher provides feedback guiding the learner forward.

• The students are activated as resources for another.

• The students are activated as owners of their own learning. How this feedback is given or structured in a classroom is not predefined in the literature [START_REF] Hattie | The power of feedback[END_REF]. Therefore, I turn my attention to classroom dialogue, as an aspect of feedback and formative assessment.

Teacher questioning is common practice in mathematics [START_REF] Boaler | Connecting mathematical ideas: Middle school video cases to support teaching and learning[END_REF] and science [START_REF] Chin | Classroom interaction in science: Teacher questioning and feedback to students' responses[END_REF]. A common model of this is IRE/F, a discourse pattern comprising of initiation, (student) response, (teacher) evaluation or feedback [START_REF] Scott | Meaning making in high school science classrooms: A framework for analysing meaning making interactions[END_REF]. In this study, the examination of the dialogue and teacher questioning is inspired by [START_REF] Chin | Classroom interaction in science: Teacher questioning and feedback to students' responses[END_REF], who studied teacher questioning and feedback in science. Using questions which lead students through a method is common, but the use questions which point to underlying mathematical relationships and meanings are recognized to be more beneficial [START_REF] Boaler | Connecting mathematical ideas: Middle school video cases to support teaching and learning[END_REF]. While [START_REF] Chin | Classroom interaction in science: Teacher questioning and feedback to students' responses[END_REF] and [START_REF] Scott | Meaning making in high school science classrooms: A framework for analysing meaning making interactions[END_REF] describe fine-granulated analyses of the dialogue, the aim in this paper was to examine the characteristics of the formative assessment and examine the relationship between mathematics and CT.

The connections between mathematical and computational thinking are not well understood yet [START_REF] Hansen | Analyzing students' computational thinking and programming skills for mathematical problem solving[END_REF]. While there are common aspects in mathematics and CT [START_REF] Hansen | Analyzing students' computational thinking and programming skills for mathematical problem solving[END_REF][START_REF] Rich | Computational thinking, mathematics, and science: Elementary teachers' perspectives on integration[END_REF][START_REF] Rich | Synergies and differences in mathematical and computational thinking: Implications for integrated instruction[END_REF], such as problem solving, modelling, dataanalysis and statistics and probability [START_REF] Sneider | Exploring the science framework and ngss: Computational thinking in the science classroom[END_REF], there is a need to further explore if and how mathematical and CT support each other [START_REF] Hansen | Analyzing students' computational thinking and programming skills for mathematical problem solving[END_REF]. In addition to the intersecting elements in CT, there are also aspects that can cause confusion when combining mathematics and CT. Examples of these are the use of conditionals and differences in the notion of variables [START_REF] Cui | The interplay between mathematical and computational thinking in primary school students' mathematical problem-solving within a programming environment[END_REF].

Methods

Context

This study was conducted in a lower secondary school in Norway and included one teacher and four students in the teacher's class. The teacher was participating in a researcher-practitioner partnership project and was chosen because he taught CT in his mathematics classes. The teacher had two and a half years of teaching experience, a master's in mathematics education, and an additional year of studies in informatics, giving him a background in informatics that most teachers do not have in Norway. Two of the students, who had given consent to participate in the study (Amalie and Mia, pseudonyms), interacted more with the teacher, and therefore these interactions were analysed. One 45-minute mathematics lesson was chosen for analysis, since this lesson included both CT and interaction between the teacher and the students. The students worked on a task designed by the teacher. Every student had an iPad with Scratch, notebooks, and pencils. The task introduced the concept of lists in the Scratch programming environment, and the lists were connected to figurate numbers and the mathematical concept of sequences. Sequences were introduced through a recursive formula and then connected to a function. The students were instructed to code a program, where the output was a list with elements of an arithmetic sequence.

Data collection and analysis

This study was based on a qualitative exploration of a teacher's formative assessment, utilising an approach inspired by reflexive thematic analysis [START_REF] Braun | Reflecting on reflexive thematic analysis[END_REF]. The data collection was conducted by observing and filming the teacher and the selected students, common methods allowing for in-detail classroom observation [START_REF] Derry | Video research methods for learning scientists: State of the art and future directions[END_REF]. The speech in the videos was transcribed, and the analysis focused on the teacher's interaction and dialogue with students, excluding wholeclass instruction. In the first round of coding, I used a data-driven approach, where I identified codes such as question_general, question_asks_for_confirmation, explanation_task. I identified a pattern of questions where these codes were grouped into two themes: returns (including e.g. ask_for_confirmation) and hints and explanations (including e.g. explanation_task). In the second round of coding, I looked for how the different aspects in the framework of [START_REF] Wiliam | Integrating assessment with learning: What will it take to make it work?[END_REF] were present in the themes. Additionally, the analysis focused on what the students did after the dialogue with the teacher to see how the students responded to feedback.

Findings

The patterns in the teacher's formative assessment can be described by two types of feedback, presented in the following sections.

Returns

One type of feedback provided by the teacher in the dialogue with students was described by returns, meaning that the teacher, with a question, returned the responsibility for determining the answer to the student. In the case of one of the students, Amalie, the teacher did the following:

Teacher:

Can it be recreated? Amalie:

Put n there? Or can you? Teacher:

Why couldn't you? Amalie:

I don't know. I do not know! Like, no [comments on what she is doing on the screen] Teacher:

You may need to make a few more changes. Amalie:

Yes, but is it wrong? Teacher:

What is the formula?

As demonstrated by this sequence, the teacher answered with questions, returning the responsibility to the student. This activated the student as the owner of her learning. The student wanted to confirm whether she had the correct answer; however, the teacher countered this by asking her what the formula was and probing how she could evaluate herself if it was correct by examining the formula.

Similarly, the teacher asked another student, Mia, several questions, such as "What is wrong?" and "What do you want it [the code] to do?". The teacher challenged the student when she responded that she did not know. This type of formative assessment focuses on the teacher clarifying, through questions, to himself and the student where she is going and the steps to get there (FeedForward).

Providing feedback through questions promotes the student as the owner of her learning. The teacher asked the student to make the arguments herself for why it could be wrong or right, what might be wrong, or what the code is supposed to do.

After the dialogue with the teacher, Amalie worked out the code and obtained the desired result. Upon this, the teacher asked, "What about square numbers?" encouraging her to proceed to the next task. This is again an example of FeedForward, a formative assessment guiding the student forward, although not as a response to a problem, but as general encouragement. The teacher worked at two levels here. In addition to probing and returning the questions to the student, by stating "What is the formula?", he connected the mathematical representation of the sequence and function to the programming task at hand. Thereby, he gave the students the possibility to, through formative feedback, activate as owners of their own learning while connecting the mathematics in the task with CT.

Hints and explanations

The teacher also provided hints and explanations to the students. After some rounds of questions and returns, the teacher provided a hint. In the sequence below, the teacher was in dialogue with Mia, who was unsure why the code was not producing the desired result. This excerpt is preceded by the teacher returning with questions four times, but Mia did not elaborate or hypothesise much on why her code was not producing the desired result. Hence, she did not activate as an owner of her learning. The teacher then proceeded to give a hint:

Teacher:

[…] If you take the notebook... Mia:

Yes. Teacher:

...and then you write that formula here literally, then you will quickly see where the error is because the formula should really be 6n + 1, right? Mia:

Yes.

Teacher:

So, what is actually written here? [Points to M's code block] Is it six n plus one, or is it something else? Mia:

Okay [opens the notebook], okay. Teacher:

Check it first, and then I'll get back to you. Literally, write what it says there [points to the screen] and then you compare it to 6n + 1.

After being given a hint, the students answered either by confirming or with a new question, after which the teacher provided a more thorough explanation. Thus, the teacher provided formative assessment by guiding the learner forward (FeedForward). However, in the example above, the student's responsibility of her own learning might be weakened when the teacher explicitly instructs without asking questions. Since the teacher, before the hint, tried to probe for student activation without much success, the hint with explanation was a logical step in guiding the student forward. Following the exchange, Mia wrote in her notebook "6•figure + 1", as encouraged by the teacher, although the teacher was likely aiming at the formula 6n + 1. Thereafter she changed her code, and the program output was correct. After this, Mia proceeded to the next task, a sequence with aunknown to her -formula f(n) = 4n + 8. She started by writing "8 + 4" in her notebook. However, after discussing it with Amalie, Mia dropped the task and continued to other tasks, which she completed without being in dialogue with the teacher.

The hint connects CT to mathematics, since the teacher asks the student to compare the function in her code, which is embedded in a loop, to the analytical representation of the function on paper.

Connecting the mathematics to the programming was, in this case, helpful, as it seemed to clarify the connection between the variable, which is the index in the loop (n), and the list elements (f(n)) described by the function f of a sequence. However, Mia used the word "figure" instead of the variable n, and in the second case, she did not include the variable in the expression. This might be evidence of her not understanding the concept of variable in this case -a term with slightly different properties in programming and mathematics. Despite the hint from the teacher she was not able to proceed with the task, which can imply that there would be a need for further supporting in clarifying how functions and variables operate in mathematics and programming.

Discussion

The teacher's formative assessment strategies were primarily characterised by posing questions to the students and feedback on how to progress to the next step (FeedForward). In the dialogues with the students, the teacher also gave hints or provided longer explanations. Much of the teacher's formative feedback resembled questioning (using open questions), and coaching (using closed questions) or hints [START_REF] Andrews | Mathematics teachers' didactic strategies: Examining the comparative potential of low inference generic descriptors[END_REF]. The teacher in this study used some questions that point to underlying mathematical and CT-specific relationships [START_REF] Boaler | Connecting mathematical ideas: Middle school video cases to support teaching and learning[END_REF], but several of the returns were also related to the method of solving the task. Although not all questioning is helpful questioning [START_REF] Black | Assessment and classroom learning[END_REF], the findings suggest that when done in a way that elicits student understanding and provides feedback on how to proceed, the questioning can contribute to the students completing their tasks.

Mathematical and computational thinking share some common concepts and labels to describe concepts, such as variable [START_REF] Sneider | Exploring the science framework and ngss: Computational thinking in the science classroom[END_REF]. The teacher in our study connected the mathematics with the CT through the feedback. However, the difference between a variable in the mathematical sense and programming was not emphasised explicitly in the dialogues with students, a known challenge when including CT in mathematics teaching [START_REF] Cui | The interplay between mathematical and computational thinking in primary school students' mathematical problem-solving within a programming environment[END_REF]. [START_REF] Nordby | Primary mathematics teachers' understanding of computational thinking[END_REF] found that Norwegian primary school teachers were uncertain about the knowledge and teaching of CT, and that their activities were disconnected from mathematics. Although it is contested whether learning CT supports learning other subjects, such as mathematics [START_REF] Rich | Synergies and differences in mathematical and computational thinking: Implications for integrated instruction[END_REF], there are instances of CT which potentially can contribute to a conceptual understanding of mathematical concepts, such as functions. On the other hand, CT can also complicate mathematics teaching as shown with the case of variables.

Whether the formative assessment with CT-infused mathematics differs from formative assessment in mathematics is not evident. It is probable that the teacher uses returns and hints in his regular mathematics teaching, as these are established practices in mathematics teaching [START_REF] Boaler | Connecting mathematical ideas: Middle school video cases to support teaching and learning[END_REF]. However, incorporating CT into the mathematics classroom displays some strengths of mathematics teaching (active teacher questioning) and some interesting aspects, such as conceptual understanding of variables and functions.

This study focused on the teacher's formative assessment in the teacher-student dialogue and the students' subsequent actions. However, the teacher's time with students is limited, and dialogues between peers would be another dimension of formative assessment to examine. Adding to the feedback dimensions in play, a programming environment can generate feedback in the form of output or error messages from the wrong syntax. Further studies could examine the feedback and formative assessment on these dimensions.

Conclusions

This paper demonstrates how formative assessment of CT can be applied in a mathematics classroom and how students can be activated as owners of their own learning through the teacher's formative assessment through feedback. Given that CT has been introduced into mathematics in several European countries [START_REF] Bocconi | Reviewing Computational Thinking in Compulsory Education[END_REF] and that some synergies between teaching CT in the context of mathematics have been identified [START_REF] Rich | Synergies and differences in mathematical and computational thinking: Implications for integrated instruction[END_REF], the findings can be relevant to contexts beyond the Norwegian classroom. The contribution of this study was to illuminate some of the practices which can contribute to the integration of CT in mathematics and to open up for a discussion on what the role of feedback is when CT is integrated in mathematics. In studying the formative assessment practice of the teacher, this study adds to the scarce literature on teachers' formative assessment of CT in mathematics.