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The focus of this paper is on young students' understanding of time which is hardly studied. In the presented study, Swedish 6-year-olds first worked on a task about estimating time and after that they posed their own tasks about time. The research questions concern what aspects of time come to light when 6-year-olds (1) estimate the time needed for specific activities and (2) pose tasks related to time When estimating time, the arguments given by the students were based on previous experiences, personal situations, and emotions. Sometimes more than one of these were used in the same line of argumentation. The tasks posed by the students were related to estimation of a set time, estimation of a time given a specific activity, using a timer, point-of-time, and time as a context. Our study suggests estimation and measurement of time as a suitable content to enlarge students' understanding of time in addition to the more common focus on 'telling the time'.

Introduction

The focus of this paper is on young students' understanding of time. This is a topic hardly studied, which is why more research on how young students understand and learn about time is needed [START_REF] Smith | Learning and teaching measurement: Coordinating quantity and number[END_REF][START_REF] Thomas | Assessing students' understanding of time concepts in Years 3 and 4: Insights from the development and use of a oneto-one task-based interview[END_REF]. Despite the sparse research, time regulates children's lives since birth resulting in an intuitive understanding of it [START_REF] Heddens | Mathematics teachers' subject matter knowledge and pedagogical content knowledge in problem posing[END_REF].

Elsa, 6 years old, expresses some understanding of the concept of time: "Travelling to my grandparents, that takes a lot of time!". She relates to a previous everyday experience (travelling to her grandparents) and makes a statement about the duration (a lot of time). Time as a concept is often familiar to young children based on routines and everyday experiences. As early as two to three years of age, children can perceive time and to orient themselves in time. Based on experiences and recurring routines in everyday life, children develop knowledge of whether it is before lunch, after lunch, morning, or evening [START_REF] Björklund | Hållpunkter för lärande. Små barns möten med matematik [Starting points for learning. Young children's encounters with maths[END_REF]. But, while time may be familiar, it is considered an abstract concept as it is not possible to represent time by means of a physical object, as in other measurements of for example length, area, and weight. Instead, to develop students' understanding of time, situations like the experience of Elsa above can be connected to time and time measurement. The fact that time cannot be seen or touched but is instead experienced and measured only indirectly explains why the concept is difficult to learn for many students [START_REF] Ewing Monroe | Toward an understanding of time[END_REF].

In this intervention study, 6-year-old students were introduced to the concept of time from a mathematical point of view, though a designed lesson involving different activities. First, they completed one fun activity (played games) and one less fun activity (sat quietly in a circle) for one minute. These activities gave the students two different experiences of a specific unit of time (one minute). They then discussed what would be possible to do within the time limit of five minutes, based on pictures of activities. Finally, the students posed a time-related task themselves. The research questions focused on in this paper are what aspects of time come to light when 6-year-olds (1) estimate the time needed for specific activities and (2) pose tasks related to time?

Background

The design of the intervention was inspired by Realistic Mathematics Education (RME) and problem posing, so both areas will be presented in this section, as well as a section focusing on aspects of time.

RME

The starting point for RME was Freudenthal's work on mathematising. According to Freudenthal, mathematics teaching should be based on the learner's world and experiences and mathematics should be taught so that the knowledge becomes useful for the learner (Freudenthal, 1968;[START_REF] Freudenthal | Major problems of mathematics education[END_REF]. Mathematics is seen as a human activity where students should mathematise real situations in a context that makes sense to them [START_REF] Gravemeijer | Local instruction theories as means of support for teachers in reform mathematics education[END_REF]. Freudenthal suggested a change in instructional approach, so students would elaborate, refine, and adjust their current ways of knowing, instead of decomposing ready-made expert knowledge. Even though RME does not imply a fixed or finished theory, six general principles can be distinguished. i) The activity principle implies that students ought to be active participants in their own learning processes and that mathematics is learnt by doing mathematics. ii) The reality principle implies that mathematics ought to be applied to a realworld problem that can be solved with mathematics, thus a problem that can be mathematised. "Real world" implies situations that are experimentally real for the students to imagine. iii) The level principle implies that the learning of mathematics includes passing various levels where models are important for bridging the gap between informal and context-related mathematics to more formal mathematics. iv) The intertwinement principle implies that all mathematical content domains are heavily integrated, which is why mathematical tasks most often can be solved by means of various mathematical tools and knowledge. v) The interactivity principle implies that mathematics is both an individual and a social activity, which is why RME favours whole class discussions and group work as these make it possible for students to share and get new ideas. vi) The guidance principle refers to guided re-intervention where teachers have an important role in designing tasks and discussions that may lead to shifts in students' understanding [START_REF] Van Den Heuvel-Panhuizen | Realistic Mathematics Education[END_REF].

Aspects of time

Students' learning of time includes both understanding time and telling time. However, most tasks and tools for instruction focus on telling time, which may not be sufficient for children to develop an understanding of time [START_REF] Ewing Monroe | Toward an understanding of time[END_REF]. Measuring length, weight, and time is one of the best ways for children to develop an understanding of quantities [START_REF] Thomas | Assessing students' understanding of time concepts in Years 3 and 4: Insights from the development and use of a oneto-one task-based interview[END_REF][START_REF] Van De Walle | Elementary and middle school mathematics: Teaching developmentally[END_REF]. Further, teaching of estimation is preferably built on children's understandings of measurement where the estimation of time can highlight a purposeful and enjoyable aspect of mathematics. This aligns with the intertwinement principle, according to which RME emphasises that mathematical content domains are heavily integrated.

Although children do not necessarily name experiences from play and everyday activities in terms of time, they gradually develop an informal understanding of the concept. These intuitive experiences are the basis for formal measurement with units. Formal measurement presupposes knowledge of properties, units, and scale; properties in the sense of identifying what characteristic is to be measured, units in the sense of what measurement unit to use and what scale, and finally understanding the meaning that units can be combined and that smaller units exist within larger units [START_REF] Wright | Book 9: Teaching number through measurement, geometry, algebra and statistics[END_REF]. Further, understanding time incorporates an understanding of different aspects of time [START_REF] Thomas | Assessing students' understanding of time concepts in Years 3 and 4: Insights from the development and use of a oneto-one task-based interview[END_REF]. Knowing the time by looking at a clock is referred to as point of time. This is represented by a clock or a calendar and includes using formal units which in turn makes it possible to measure time. Measurement of elapsed time is another aspect important to comprehend. Further, the linear, ordinal aspect of time, using descriptions such as before, after, first, and last is important to grasp [START_REF] Harris | It's about time. Difficulties in developing time concepts[END_REF]McCormack & Haley, 2022). It is important to realise that many of the words we use for time are subjective or depending on the setting. For example, a short time in one situation can be a very long time in another. Also, more formal expressions of time can vary such as a month, with lengths of 28, 30 or 31 days. Some expressions of time are absolute (e.g., one minute, today), others relative (e.g., soon, shortly), while still others express order (e.g., before, after, tomorrow).

As mentioned in the introduction, measuring time is somewhat different from measuring other quantities like length or weight. Unlike the length or weight of an object, time cannot be seen or felt. Another thing that distinguishes the measurement of time from other measurements is the use of base 60 and a mix of bases. For example, a day has 24 hours and an hour 60 minutes, while we measure sprint races in tenths and hundredths. Understanding time also involves basic insights about the temporality of time, that time is constantly ongoing (continuous), and that time intervals such as days of the week or hours are parts that form larger units where the same criteria for measurement apply as in other measurement contexts, that is, no gaps and no overlaps between the parts [START_REF] Friedman | Children's analogue and digital clock knowledge[END_REF]. According to [START_REF] Piaget | The child's conception of time[END_REF], preschool children cannot yet understand that time is not reversible, that is, that one event in time is inevitably followed by another and that events cannot change direction.

Problem posing

According to [START_REF] Niss | Mathematical competencies revisited[END_REF], problem posing is a part of problem-solving competence, which means that students need to encounter tasks where they both solve and pose problems. Even so, research on problem posing in early mathematics is still in its early years [START_REF] Cai | Learning to teach through mathematical problem posing: theoretical considerations, methodology, and directions for future research[END_REF]. When posing tasks, students get an opportunity to operate on and modify different mathematical content, which may also promote their understanding of different mathematical content [START_REF] Brown | The art of problem posing[END_REF]. This can be connected to the guidance principle of RME, enabling shifts in students' understanding through re-intervention. When posing tasks, students can be asked to reformulate or to generate tasks (Lee et al., 2018) by which they can investigate and develop their understanding of mathematical content and ideas. Reformulation also requires students to reflect on the task to be reformulated [START_REF] Stickles | An analysis of secondary and middle school teachers' mathematical problem posing[END_REF] and can result in an extension of the original task or in a similar task without extensions. Both kinds of reformulation imply tasks that follow the structure of the original task, but an extended task demands more mathematical work to be solved [START_REF] Cai | A perspective for examining the link between problem posing and problem solving[END_REF].

Method

The empirical material in this paper is from a research project on problem solving and problem posing with Swedish six-year-olds. In Sweden, six-year-olds attend preschool class which is part of the formal education system with the aim to provide a smooth transition between preschool and school. The research project is conducted through design research, which implies a cyclic process of designing and testing interventions situated within an educational context [START_REF] Mckenney | Conducting educational design research[END_REF]. Four classes were selected for this design cycle on time and the same activities were conducted in all four classes. The teachers in these classes had participated in several of the previous design cycles and had implemented several tasks in their classes before. Further these teachers actively participated in the design of the activities. Altogether, 66 students from these four classes participated and in accordance with the ethical guidelines of the Swedish Research Council (2017), the students' guardians were informed about the study and approved their children's participation.

A lesson on time

Part 1: First, the students completed one fun activity (play games) and one less fun activity (sit quietly in a circle) for one minute. These two experiences of time were discussed in whole class, focusing on what a minute felt like in the two activities. This first part was merely meant to create a common experience of time.

Part 2: The students were given a paper with pictures of activities (example figure 1). In line with RME, these were situations the students could imagine, for example brushing their teeth or playing football. The teacher told the meaning of each picture and after that asked the question 'which of these activities can be done in five minutes?'. The students individually circled the activities they thought could be done in five minutes and then gave explanations for their choices in pairs. Finally, each activity was discussed in whole class where the arguments given by the students were noted by the teacher. This design of the task was based on the interactivity principle from RME emphasising that mathematics is both an individual and a social activity. The experience of time was in focus here, combined with an implicit measurement of time. Part 3: As a final part of the lesson, the students were to pose a time-related task to a friend. They got papers and pencils and most often they drew pictures, with the teacher writing down the posed questions. This was not the first time these students worked with posing tasks, but it was the first time that they were to pose a task about time. In line with RME, posing tasks enabled the students to operate and modify the mathematical content of time.

Analysis

The teachers took notes of students' discussions in part 2. These notes together with the students' documentations from part 2 and 3 were analysed inductively in themes: grouping lines of argumentation (part 2) and aspects of time in the posed tasks (part 3). The inductive analysis of the posed tasks was then classified using [START_REF] Cai | A perspective for examining the link between problem posing and problem solving[END_REF] categories: no extensions (a posed task that follows the structure of the original task and maintains the same level of difficulty), extensions (a posed task that follows the structure of the original task but demanding more mathematical work to solve it) and other (a task that does not follow the structure of the original task).

Results

In this section, aspects of time when 6-year-olds estimate time are presented followed by aspects visible in the posed tasks.

What can be done in five minutes?

When estimating whether or not an activity is possible to do in five minutes, the arguments used by the students were based on previous experiences, personal situations, and emotions. Sometimes more than one of these were used in the same line of argumentation.

The students often use previous experiences in their argumentation.

You cannot bake cookies because they must be in the oven for 15 minutes. (Baking cookies) I have done that at home before and it took me one minute. (Tying shoes) Previous experiences give the students' knowledge regarding whether or not it is possible to conduct an activity in five minutes. Previous experiences can be used as arguments both for and against the same activity, for example 'reading a book' where one student gives an argument that it is possible if the book is short. Other students argue that if the book is very long or has small letters it will not be possible. Another student comments on the flexibility of this activity and says that 'You can just read five minutes and then quit'. Similar arguments are given for watching a movie, where one student comments on the length of the movie and another student argues for the flexibility of watching a movie saying 'Some movies on the computer are short' or 'You can stop after five minutes'.

Other students use their personal situation as a starting point for their argumentation. Personal situations differ from previous experience as it is the personal situation as such that sets the boundaries for whether an activity (Walk to school) is possible in five minutes: I live very close to school so I will make it. I live near the park so it is far from school and will take much longer than five minutes.

Another example of arguments based on personal situations involves the activity of tying shoes where some students argue 'I know how to do it, so I will be able to do that in five minutes' while others say 'I cannot do that at all'.

In some arguments, the previous experience and/or personal situation are strengthened by factual knowledge. This is specifically visible in arguments connected to the activity 'brushing your teeth' where some students know that their electric toothbrush has a timer of 2 minutes. Another student draws upon this factual knowledge and states 'if it takes you two minutes, it will be possible in five'. Some students compared the activity to other activities, by using factual knowledge and previous experiences, and used the comparison in their argumentation, for example 'It takes over five minutes by bike, so it will take even longer if you walk'. Or, like in the example above: 'They must be in the oven for 15 minutes'.

Finally, only a few students grounded their argument on emotions, for example 'Yes, I like to play football' where liking football is used as an argument that the activity is possible within five minutes.

Posing time-related tasks

In summary, the tasks posed by the students were about estimating activities to a set time, estimation of a time given a specific activity, using a timer, point-of-time, and time as a context. Here, these are connected to the categories of no extensions, extensions, and other by [START_REF] Cai | A perspective for examining the link between problem posing and problem solving[END_REF]. The category no extensions implies tasks where the students use a similar structure in their posed task as in the task they had just been working on. The only thing that varies is the activities and the amount of time, thus 'Which of these activities will you be able to do in [1,2,5] minutes/hour' (Figure 2, left). The category extension implies tasks on estimations like the original task but with a different level of difficulty. Here tasks on estimation of a time given a specific activity were categorised, for example 'How long will it take you to … [change tires on a car, cut a flower, raise a flag]'. Some tasks in this category were about using a timer, for example 'You will have 3 minutes to … (Figure 2, right)]'. These tasks, like the tasks on estimation of a time given a specific activity can also be understood as extensions of the activity in part 1 of the lesson. A major part of the posed tasks categorised as other were still tasks about time. Some students used the aspect point-of-time using clocks to pose a task on time, for example 'Draw the arrows of the clock so it shows the time right now'. Also, questions related to a specific (clock) time appeared, for example 'What time do you go to bed?' Some tasks instead used time as a context. This resulted in both mathematical tasks (you need mathematics to solve the task -'How much is 4 hours + 4 hours?') and non-mathematical tasks. Finally, some tasks were neither connected to time nor related to mathematics, for example 'put this drawing somewhere', 'what colour will you obtain if you mix the colours', 'write all the letters in the alphabet'.

Discussion

This paper focussed on young students' understanding of time, a topic sparsely studied and therefore proposed as a gap in mathematics education research (cf. [START_REF] Smith | Learning and teaching measurement: Coordinating quantity and number[END_REF]. In doing so, we suggest that this paper contributes to our field by opening the complex question of handling an intuitive understanding of time in classroom settings (Heddens & Speer, 2008). The students in these preschool classes had not worked with time before, but as shown in the results they often based their arguments on previous experiences or personal situations. In parts 1 and 2, the focus was on experiencing time, not measuring time. Still, measuring time was the content in some of the posed tasks. Thus, at least some students seem to also have experience of measuring time. However, there were no posed questions on months, days, or weeks (point of time) despite conversations on today's date being a daily routine in preschool class. This may be due to the design of the task with a strict focus on a short period of time, one minutefive minutes. Telling time is not sufficient for children to develop an understanding of time [START_REF] Ewing Monroe | Toward an understanding of time[END_REF][START_REF] Thomas | Assessing students' understanding of time concepts in Years 3 and 4: Insights from the development and use of a oneto-one task-based interview[END_REF]. Since many of the activities done in school are coherent in content and form, telling time seems to be prominent. The students' experiences related to time differ, just like in other mathematical areas, and a central question for the future and thus a next step is how such challenges (see Ewing [START_REF] Ewing Monroe | Toward an understanding of time[END_REF] can be overcome and form a starting point for making these idiosyncratic starting points visible. Our study shows that students relate to their previous experiences and personal situations in relation to time. A practical implication for such experiences could be incorporated into the content of the teaching and may lead to shifts in students' understanding related to time.
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 1 Figure 1: Example of a sheet given to the students

Figure 2 :

 2 Figure 2: Examples of posed tasks. (Left: What can you do in 1 hour? Right: Draw lines between the melons that have the same size, you have 3 minutes.)
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