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Abstract

This article investigates the perspectives of Norwegian early childhood educators on mathematics and higher-order thinking. Thematic analysis of the connection between mathematics and children’s higher-order thinking skills was performed based on semi-structured interviews with ten educators in three different early childhood education and care (ECEC) centres. The findings suggest that educators, recognising mathematics as vital for ECEC, associate mathematics with problem-solving, an aspect of higher-order thinking skills highlighted in the research literature. The educators identified many opportunities for working with mathematics in daily activities, in accordance with the Norwegian tradition in recent years. Our results provide insights into how mathematics can support early childhood educators’ stimulation of higher-order thinking in the Norwegian ECEC context.
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Introduction

In the last few decades, mathematics in early childhood education and care (ECEC) has received increasing attention (Sarama & Clements, 2008; Ten Braak et al., 2022), and the importance of working with mathematics in the early years has become evident. Recent research indicates that children’s early mathematical skills can have lasting effects on both future mathematical development and other subject areas (Lenes et al., 2020; Ten Braak et al., 2022). This has laid the foundation for an increased interest in stimulating children’s mathematical development in early childhood (Baroody et al., 2019; Johnston & Bull, 2021; Sarama & Clements, 2008). Moreover, working with mathematics is seen as an opportunity for children to learn to think and develop higher-order thinking skills (Anderson, 1994; Hobri et al., 2018). These efforts build on the theoretical idea that educators, as supportive adults, can help children identify and elaborate upon concepts that they already know, beyond the level that the children may have achieved without the educators’ help (Smith, 1998).

The importance of working with mathematics was not highly prioritised in Norwegian ECEC until the new Framework Plan for Kindergartens was introduced in 2006 (Ministry of Education and Research). In this plan, well-established ECEC traditions were confronted with a new learning area, ‘Quantities, spaces and shapes’, which focuses on exploring and discovering mathematics (Ministry of Education and Research, 2006; Østrem et al., 2009). In this context, the Norwegian Framework Plan has drawn attention to the crucial role of educators in teaching and supporting mathematical learning and thinking in young children (Ministry of Education and Research, 2017). This political priority in Norway builds upon a broad consensus in the research literature that educators play an essential role in developing mathematical skills in children (Benz, 2012; Bobis et al., 2005; Chen et al., 2014; Thiel, 2010).

In a previous study (Pollarolo et al., 2022), we investigated Norwegian early childhood educators’ perceptions of critical thinking as a higher-order thinking skill. The findings showed the propensity of educators to identify critical thinking as being crucial for children’s development and their role as essential in supporting and stimulating critical thinking in children. The educators described critical thinking more in relation to a child’s disposition and attitudes than to cognitive skills and connected it mainly with social and physical aspects.

In order to develop more knowledge about the relationship between mathematics and higher-order thinking skills, the current paper investigates Norwegian educators’ perspectives on their mathematics pedagogy and their views on the relationship between mathematics and higher-order thinking. Understanding educators’ perspectives is important in identifying both challenges and successful approaches to developing children’s higher-order thinking skills in ECEC.



Background

The early years of life play an essential role in children’s cognitive, language and educational development (Melhuish et al., 2015). Three topics, including early mathematics, literacy and aspects of self-regulation, have been the main focus of ECEC research, as they are highly predictive of children’s later school success (Duncan et al., 2007). In this respect, the importance of mathematics in ECEC has been widely discussed in the literature, and there is a consensus about the potential of working with mathematics in the early years and its association with later achievements (Duncan et al., 2007; Geary et al., 2013; Watts et al., 2014), not only in mathematics but also in other areas (Claessens & Engel, 2013; Ten Braak et al., 2022).

However, despite research efforts in specific areas in ECEC, an emphasis on skills that allows children to connect factual, conceptual and procedural knowledge (as defined by Anderson and Krathwohl (2001)) to metacognitive knowledge appears to be missing. This would involve developing the skills that enable children to use and connect information in a meaningful manner and assisting them in approaching new learning areas. In other words, we need to focus on developing children’s higher-order thinking skills, which are essential considering our rapidly changing and challenging world and the efforts towards a more sustainable future. Therefore, higher-order thinking skills are considered as important 21st century skills (Collins, 2014), and are included in the key competencies in ‘Education for Sustainable Development’ (Rieckmann, 2018).

Research shows an association between the development of higher-order thinking skills and mathematics (Apriani & Rianasari, 2020; Richland & Begolli, 2016; Tanujaya et al., 2017), and the relationship between the two seems to be reciprocal. Mathematics as content may improve higher-order thinking skills (Hobri et al., 2018), and mathematical skills may also be enhanced through the promotion of higher-order thinking skills (Pratama & Retnawati, 2018; Tajudin & Chinnappan, 2016). However, there is scant evidence of this connection in ECEC.

Previous research has drawn attention to the crucial role of educators in teaching and supporting mathematical learning and thinking in young children. The mediation role provided by educators enhances children’s propensity for learning (Howie, 2019). Educators’ roles as supporting adults require teaching beyond formal mathematics, which means moving from traditional teaching approaches—in which the teacher is in charge of showing and explaining—to a function of open guidance in helping children develop their own thinking (Anghileri, 2006). Thiel (2010) demonstrated a correlation between educators’ beliefs and knowledge of mathematics and their attitudes towards it, and suggested that it is essential to foster mathematics learning in ECEC teacher education to support educators’ positive perspectives towards it. Various studies have described constructive attitudes and openness among ECEC educators towards mathematics and confidence in mathematics teaching in the early years (Benz, 2012; Chen et al., 2014; Thiel, 2010).

In the context of our study, we define ‘perspectives’ as educators’ evaluations and reflections related to young children’s mathematical and higher-order thinking skills. In this general definition, ‘perspectives’ is similar to the term ‘conception’ used by Philipp (2007), which includes ‘beliefs, meanings, concepts, propositions, rules, mental images, and preferences’ (p. 259).


Higher-order thinking

Higher-order thinking can be framed or described in different ways. Conklin (2011) argued that higher-order thinking skills incorporate critical thinking and creative thinking. Resnick (1987a) claimed that, depending on the approach, we can focus on different aspects. From a philosophical perspective, the emphasis is on critical thinking and logical reasoning. While developmental psychologists tend to highlight the significance of metacognition, cognitive scientists focus on cognitive strategies and heuristics. Furthermore, educators tend to promote problem-solving. From this perspective, Resnick (1987a) herself noted that although it is impossible to provide a precise definition of higher-order thinking, it is immediately recognisable when we encounter it.

The idea of higher-order thinking that can be perceived in different ways is well-represented by Miri et al. (2007). These authors used ‘higher-order thinking’ as an umbrella term encompassing different categories of thinking. In this context, Brookhart (2010) synthesised the definitions of higher-order thinking into three different categories: those that define higher-order thinking in terms of transfer, those that define it in terms of critical thinking, and those that define it in terms of problem-solving. This distinction demonstrates how higher-order thinking can manifest in different ways.

Critical thinking is often considered a domain of the humanities and problem-solving a domain of the sciences and mathematics (Lewis & Smith, 1993). However, there is no rigid demarcation line between problem-solving and critical thinking, as they are intertwined. For example, problem-solving is also defined as a particular kind of critical thinking (Willingham, 2007). More recent approaches define critical thinking as inevitably preliminary in the process of solving a problem and argue that real problems can be resolved only with the support of critical thinking, which can generate new knowledge, since it engages in deeper complex thinking (Voskoglou & Buckley, 2012). When involved in solving a problem, one has to evaluate the problem using and adapting previous knowledge and skills, and thinking at a higher level; this is considered the first step in using critical thinking (Doleck et al., 2017).

Some previous studies have investigated the connection between critical thinking and mathematics (e.g. Aizikovitsh & Amit, 2010; Sachdeva & Eggen, 2021), but few of them are at an ECEC level (Aizikovitsh-Udi & Cheng, 2015; Pollarolo et al., 2022; Schillinger, 2021).




Aims of the study

The purpose of this study is to examine educators’ perspectives on mathematics and the elements of higher-order thinking skills foregrounded in the ECEC context when the focus is on mathematics. This work is part of a larger body of research focused on higher-order thinking in Norwegian ECEC (Pollarolo et al., 2022). The research question we ask is as follows:


What are educators’ perspectives on mathematics and the connection between mathematics and higher-order thinking skills in the ECEC context?





Method


Participants

The data for this paper originate from interviews conducted for a larger project that involved the participation of three different ECEC centres. By the term ‘ECEC centre,’ we refer to the Norwegian barnehage, which means premises used for educational and care activities with children aged one to six years before compulsory school. The centres were selected due to their previous collaborations with the University of Stavanger. Information about the study was provided to the three ECEC centres, and ten educators, including eight pedagogical leaders and two educators working with children with special needs, agreed to participate in semi-structured interviews. Before starting, informed consent was obtained from all participants. The average participant’s working experience in ECEC centres was 17 years, ranging from a minimum of 1.5 years to a maximum of 35 years. Eight educators had 15 years or more of working experience, which means that they started working at the centre before or at the time of the 2006 revision of the Framework Plan for Kindergartens, which introduced a requirement for increased focus on mathematics in ECEC (Ministry of Education and Research, 2006).

Ethical considerations were presented to and approved by the Norwegian Centre for Research Data (NSD).



Study procedure

Three pilot interviews with ECEC professional personnel at the University of Stavanger were conducted to test, verify and adjust the interview questions before finalising the interview guide (Appendix). All the participants received the interview questions a few days before the interview. Therefore, they had the opportunity to reflect on the topic in advance.

The interview guide was divided into two sections. The first section focused on the educators’ perceptions of critical thinking as one of the higher-order thinking skills, and the second focused on mathematics. The questions were designed to align with the subjects in the Framework Plan (Ministry of Education and Research, 2017). Due to the volume of the data collected, this article focuses on the second half, which concerns educators’ perceptions of mathematics and the connection between mathematics and higher-order thinking. The topic of the first half is the subject of another article (Pollarolo et al., 2022).



Interviews

The participants were interviewed in person at their own ECEC centre. The interviews lasted between 20 minutes and an hour and were audio-recorded and transcribed. After the transcription, a native Norwegian speaker performed proofreading to identify any discrepancies between the audio recordings and the transcriptions. Each participant received a copy of their own interview, and they all approved the content.



Analysis

The interview transcriptions were analysed using thematic analysis, a method widely used for analysing qualitative data (Terry et al., 2017). Braun and Clarke (2006) defined thematic analysis as ‘a method for identifying, analyzing, and reporting patterns (themes) within data’ (p. 79); to this end, our analysis followed the six steps suggested in the guidelines provided by Braun and Clarke (2012). The transcripts were first read several times before coding to allow the authors to familiarise themselves with the data. Handwritten notes were taken during reading. Next, with the help of the software NVivo 12, a systematic coding of the transcripts was conducted in four stages: descriptive, in vivo, process and concept coding (as proposed by Saldaña (2021)). The codes were then condensed into themes in an effort to encapsulate the educators’ opinions and practices regarding mathematics and higher-order thinking. After the initial definition of the themes by the first author, all authors discussed and reviewed the themes in several rounds until a final version was agreed upon. Eventually, three themes and nine subthemes were defined. Brief quotations from the transcriptions were selected to provide examples and better describe each theme. The quotations were translated from Norwegian to English. To ensure anonymity, the individual educators are referred to as Educators 1–10.




Findings

As depicted in Figure 1, the data analysis resulted in three main themes. Each theme has three subthemes, which capture different aspects of the main theme. The first theme captures the educators’ perception of mathematics as the ability to solve problems. The second theme underlines the broad consensus among educators about the abundant opportunities to work with mathematics. The third theme encapsulates the educators’ opinions related to their own experiences in learning mathematics.
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Figure 1. Themes identified through the analysis of the semi-structured interviews.


Mathematics as problem-solving

Based on the analysis, it appears that the participants perceived mathematics as a means of thinking or solving problems or as a solution-oriented approach to life. According to them, mathematics stimulates more extensive connections and helps children think further.

Half of the participants associated mathematics with the concept of being able to solve problems and being ‘solutions-oriented’ (Educator 1), because it is essential for educators to ‘help them [children] to see solutions’ (Educator 4) and, in order to find solutions, ‘they need to think deeply’ (Educator 9). ‘I think that mathematics is about discovering and exploring to understand. It is a way of thinking, a language to solve problems according to contexts, to develop the ability to think for yourself’ (Educator 1).

The same educator also found it crucial to work with mathematics in ECEC because, in this way, children could practice their abilities to solve problems and then as adults, in their working life, they would not be afraid ‘to become engaged in new things’.

According to the participants’ opinions, mathematics ‘stimulates one to think further’ (Educator 10), and it is connected with problem-solving because mathematics means ‘reasoning about different paths and arriving at the goal’ (Educator 1) or, as Educator 5 stated, ‘It is to think about problem-solving, as it is to create different paths to develop further’. Therefore, mathematics is a language for solving problems and is essential for inspiring children to find a solution together and then enable them to find solutions by themselves.

Educator 4 highlighted the importance of transcending the intrinsic meaning of mathematics as a given form or number and recognising that there are different ways of doing things: ‘to be able to see solutions, that they should also be able to see that there are many different ways of doing things, that they must not be stuck to a given form, given number.’



Mathematics is in front of us

The findings reveal a wide consensus among participants that there are many opportunities to work with mathematics in everyday life. As described by the participants: ‘I think that mathematics is in everyday activities; it’s right in front of us; it’s in songs, in rhymes, in fairy tales’ (Educator 3); ‘I think everything around us actually […] I see the importance of them [children] seeing that there is really mathematics in everything we do, in a way’ (Educator 6).

The notion that mathematics is everywhere is deeply rooted among the participants, all of whom mentioned it. Educator 7 highlighted this when she stated: ‘It surprised me how much math there really is; you become aware of everything you did that was math that you had not thought of before, that it appeared to be just play, but there is learning.’

In this regard, educators stressed that the mathematical activities they engaged in at the ECEC centre are frequently not identified specifically as mathematics. The opinion of the participants was that, even though educators know that the activity they are doing involves mathematics, there is no need to emphasise this to the children. Some participants described informal situations or activities in which mathematics could be involved, such as reading a book or cleaning up a table. In relation to this common idea that mathematics is everywhere, six participants focused in particular on the outdoor environment as an arena for implementing mathematical activities. The participants mentioned different materials and activities, including picking up pine cones and sticks of different lengths to build shapes. They believed that the availability of these materials in nature offers many opportunities to apply mathematics differently to how they apply it indoors in the ECEC centre. Moreover, their opinion was that an outdoor setting provides more opportunities for the children’s free expression and more space where they can test techniques and concepts. Most of the participants—namely, 6 out of 10—posited that the expositions we give to children influence their approach to critical thinking and mathematics. Therefore, the environment plays an important role, particularly the environment at the ECEC centre and at home, including parents’ education and engagement, as pointed out by Educator 3: ‘it is the environment they have at home … children often have parents at home who are very interested.’

Among other mathematical activities, approaches related to problem-solving in everyday situations were described by the participants. Educator 4 stated, ‘It’s also about how we will put things together so that something will come out of it.’ Educator 1 also spoke about working with ‘rom og retning’ (Norwegian for ‘space and direction’): ‘What we do inside here, if we were going to build a cabin, how much would we need?’



Previous negative experiences with mathematics

Some of the educators admitted that they themselves did not have positive mathematics experiences during their time at school. Nevertheless, these educators believed that they had to derive inspiration from their negative experiences and work to prevent children from experiencing similar issues once they reached school. This is exemplified by the following quote: ‘Maybe just because I had a bad experience with school mathematics, it made me a little interested in that: how can we avoid kids having to sit and have it the same way at school as I did?’ (Educator 6).

The participants believed that their own past negative experiences must be overcome to avoid being affected by them in their approach to children’s mathematical education. Most of them did not experience any challenges when working with mathematics in ECEC. The only challenges some of the educators underlined were linked to the need for educators to be aware of the importance of working with mathematics in daily life and the ability to eliminate their negative preconceptions. As Educator 9 put it, ‘You carry with you a story yourself, your experiences and thoughts about mathematics. I have always struggled with mathematics at school […]. But this is on a whole different level, and you have to put it away. It still affects you. So maybe many people think it’s difficult.’

Although some educators reported some negative experiences with mathematics from childhood, the results illustrate an open and positive perspective towards mathematics in ECEC. All the participants answered positively when asked about their opinions concerning the benefit of children working with mathematics in ECEC, and they underlined the importance of starting as early as possible.




Discussion

This study investigated Norwegian ECEC educators’ perspectives on mathematics and higher-order thinking. Interviews with ten ECEC educators showed that they perceived mathematics as important in ECEC, identified diverse opportunities for working with mathematics in everyday activities, stressed the importance of eliminating previous negative preconceptions and perceived a clear connection between mathematics and problem-solving, which is an aspect of higher-order thinking.

The purpose of this study was twofold: to establish (i) educators’ perspectives on mathematics; and (ii) the connection between mathematics and higher-order thinking skills. When it comes to the first aim, the Norwegian educators appeared confident about the importance of mathematics in ECEC and had an open and positive perspective towards it. This is in line with previous research from Germany and the US (Benz, 2012; Chen et al., 2014; Thiel, 2010). Still, during the interviews, some of the educators reflected on their negative personal experiences with school mathematics, and they were aware of the importance of trying not to let this influence their daily work with the children in ECEC. To manage the possible challenges connected to mathematics in the ECEC context, it is important that educators think positively about their own mathematical skills and abilities (Jenssen et al., 2020). Furthermore, attitudes matter, as demonstrated by Lee (2005), who showed that educators’ attitudes towards teaching mathematics were significantly associated with the practice of developmentally appropriate mathematics.

In the present study, the participants’ positive approach to teaching mathematics was also reflected in their perspective that daily life is rich in opportunities to apply mathematics generally and problem-solving specifically. The idea that mathematics is everywhere can be traced back to Sumpter (2020) research on Swedish preschool teachers’ conceptions about mathematics and emotional directions towards mathematics. In the present study, this idea can be seen in connection with the Norwegian ECEC tradition, in which learning opportunities are considered to arise from different pedagogical situations. Such situations can be activities initiated by the educators or more spontaneous child-initiated activities arising from everyday situations in which the educators focus on following the child’s interests (Ministry of Education and Research, 2015). According to Skarstein and Ugelstad (2020), ECEC educators value the outdoors as an environment that provides many opportunities for such spontaneous activities. In the present study, the educators also viewed the outdoors as an important arena for working with mathematics and regarded it as an arena with more nature-related opportunities for children’s free expression and for applying mathematics in more varied ways.

This positive result is also in line with the Norwegian ECEC policy which, from 2006 onwards, has led to great efforts to support and implement mathematics in ECEC from the point of view of both the Framework Plan (Ministry of Education and Research, 2017) and educators’ training. Recognising that mathematics can be present in everyday circumstances and integrating mathematics learning into play helps educators to support children in acquiring confidence and positive experiences in mathematics (Björklund, 2012; Johnston & Bull, 2021).

The results particularly reflect the learning area ‘Quantities, spaces and shapes’ in the Framework Plan, which focuses on exploring and discovering mathematics in everyday life, guides educators to ‘stimulate the children’s sense of wonder, curiosity, and motivation for problem-solving’ and highlights the importance of ‘asking questions, reasoning, argumentation and seeking solutions’. Educators are also expected to ‘stimulate and support the children’s capacity for and perseverance in problem-solving’ (Ministry of Education and Research, 2017, p. 54). In connection to Bishop (1989), six universal mathematical activities—adjusted to Norwegian ECEC by Solem and Reikerås (2001)—problem-solving can be traced back to the ‘Explanation and argumentation’ category.

As for the educators’ perspectives on the connection between mathematics and higher-order thinking skills, our results showed that half of the participants associated mathematics with being problem-oriented and able to find solutions. In relation to the three aspects of higher-order thinking mentioned by Brookhart (2010), educators are more problem-solving-oriented when mathematics is involved (Resnick, 1987b). The present study also supports this idea in the ECEC context: the educators’ answers appear to suggest that supporting higher-order thinking through mathematics in ECEC means acting on the ability to solve problems. The association between the ability to think critically and the ability to solve problems has been pointed out earlier by, for example, Snyder and Snyder (2008), who highlighted critical thinking as a condition for being able to resolve problems in a successful and effective manner.

In the context of learning mathematics, previous research has shown that early learning in children is better facilitated by the problem-solving process and logical reasoning than by teaching specific mathematical knowledge (Perry & Dockett, 2008; Reikerås et al., 2012). It follows that working with mathematics means developing problem-solving skills which do not develop separately from critical-thinking skills.

In our previous study (Pollarolo et al., 2022), the same educators, when interviewed about critical thinking in general (and not related to any specific subject), focused more on the children’s attitudes and dispositions than on their cognitive abilities. Yet, critical thinking can be defined as the sum of two components: cognitive skills (or abilities) and dispositions/attitudes (Lai, 2011). According to Lai (2011), while philosophers focus more on the characteristics of the ideal critical thinker, or rather on those dispositions and attitudes that define the hypothetical critical thinker, cognitive psychologists focus more on the product of the thought or the types of actions or behaviours of the critical thinkers. In other words, the focus is on the mental and cognitive skills, such as analysis and interpretation, that people employ to solve a problem. From the educators’ answers to questions related to mathematics, it appears that the educators’ perspectives are oriented towards problem-solving skills. This reflects the idea that, when placed in a particular context or a particular domain, such as mathematics, educators are more focused on aspects of thinking defined as abilities as opposed to disposition and attitudes. When looking at the results of our two studies together (Pollarolo et al., 2022, and the current study), it seems that when interviewed about critical thinking in general, the educators focused more on attitudes and dispositions, but when the interviews turned their focus to mathematics, the educators shifted their focus to cognitive abilities. Therefore, we can consider mathematics as a domain that can integrate the social and emotional aspects of higher-order thinking skills with the more cognitive approach typical of mathematics. This finding contributes to a more holistic approach to fostering these essential skills in children.



Conclusion and future research

This study aimed to explore ECEC educators’ perspectives on mathematics and the relationship between mathematics and children’s higher-order thinking development. As a theoretical implication, the findings support the idea that, when considering the connection between higher-order thinking skills and mathematics, educators mainly focus on problem-solving abilities. Interestingly, in our previous study (Pollarolo et al., 2022), when the focus was on critical thinking in general, the educators connected higher-order thinking to dispositions and attitudes. This reflects the idea that higher-order thinking can be perceived in different ways and encompass different categories of thinking (Miri et al., 2007) and, as our study suggests, this may be dependent on the domain.

Although several educators had negative experiences with mathematics in their childhoods, they showed a positive propensity towards teaching mathematics in ECEC, which is a good precondition when using mathematics to develop thinking abilities and skills. The findings also support the idea that higher-order thinking can be developed within a specific content—in the case of this study, the content being mathematics (Davies, 2006; Dewey & Bento, 2009).

The lack of investigation into actual practice does not allow us to make any claims about the relationship between educators’ perspectives and actual practice in their settings. However, while our sample size was limited, our findings provide insights into the possible means by which mathematics can be used as a domain for higher-order thinking development among children in ECEC. In terms of the Framework Plan (Ministry of Education and Research, 2017), ECEC teacher education and ECEC educators’ professional development, the results of our study highlight a need for more focus on the importance of developing children’s higher-order thinking skills. Identifying specific pedagogical practices and their relationship to children’s skills remains the goal of future research.
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Appendix: Interview questions

1. Now, I would like to change the subject to mathematics. If I say mathematics and kindergarten, what is the first thing that comes to mind?

2. The Framework Plan for Kindergartens states that ‘Kindergartens shall highlight relationships and enable the children to explore and discover mathematics in everyday life’. What does this mean, in your opinion?

3. So, do you / don’t you think that children can benefit from working with mathematics, already in kindergarten?

4. Do you usually have any difficulties in working with mathematics? If yes, why?

5. Are there any preferred activities you do when working with mathematics?

6. Which areas within mathematics do you intend to stimulate through your activities?

7. I am specifically interested in the learning area ‘Quantities, spaces and shapes’ and I wonder whether you have ever considered that area in your practice in kindergarten and how.

8. What is your opinion on using mathematics to stimulate children’s ability to think critically?

9. Are there any differences in relation to specific characteristics of children, for example, gender, culture, temperament and their thinking skills and or mathematics?
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