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Abstract  
Studies have shown that creative mathematically founded reasoning (CMR) outperforms algorithmic reasoning 
(AR) in regards to retention and (re)construction of knowledge. This suggests that creativity should be 
encouraged in national high-school mathematics curricula. The aim of the present study is to compare how 
creativity is framed in different national high-school mathematics curricula, using the following definition: 
creativity is the characteristics of people, processes, and environments which lead to new and original products 
that are useful or otherwise attractive to an individual or a society. Utilizing content and discourse analysis, the 
present study thus contrasts how the high-school mathematics curricula of Singapore, Hong Kong, Sweden, 
and Norway handle and value creativity, and also examines which role creativity takes in each curricula.  
 
Findings suggest that Singapore’s curriculum emphasizes creativity the most, and frequently does so in relation 
to assessment. Hong Kong’s curriculum is found to emphasize creativity in diverse ways, often using words 
with connotations to playfulness. Analysis of Sweden’s curriculum indicates a relatively minute focus on 
creativity, tending to put it in a teacher-centered context. A feature of Norway’s curriculum is an increasing 
emphasis on creativity as courses approach tertiary education. This also suggests a rising value of creativity in 
its curriculum. A similar though not as pronounced trajectory is found also in Singapore’s curriculum. In the 
Asian and Norwegian curricula, creativity is expressed both as a means and an end, while in Sweden’s 
curriculum it is only seen as an end. 
 
The results are discussed in terms of potential reasons for the prominent national features, and the study also 
includes an evaluation of the aptness of the suggested definition of creativity, a review of the limitations of the 
study, as well as propositions for further research. Finally, two recommendations are given to the National 
Agency for Education in Sweden – Skolverket – based on the results of the study: 1) diversify the emphasis on 
creativity in the curriculum, and 2) ensure alignment between what teachers value and what Skolverket values 
with respect to creativity. 
 
Sammanfattning 
Studier har visat att kreativt, matematiskt grundat resonerande (CMR) överträffar algoritmiskt resonerande (AR) 
avseende kunskapsbehållning och kunskaps(åter)skapande. Det tyder på att kreativitet borde uppmuntras i 
nationella gymnasieläroplaner i matematik. Målet med denna studie är att jämföra hur kreativitet uttrycks i olika 
nationella gymnasieläroplaner i matematik, utifrån följande definition: kreativitet är de egenskaper hos personer, 
processer, och miljöer som leder till nya och originella produkter som är användbara eller på annat sätt attraktiva 
för en individ eller ett samhälle. Med hjälp av innehålls- och diskursanalys kontrasterar därmed denna studie 
hur Singapores, Hong Kongs, Sveriges, och Norges gymnasieläroplaner i matematik hanterar och värdesätter 
kreativitet, och dessutom undersöker studien vilken roll kreativitet har i respektive läroplan. 
 
Resultaten tyder på att Singapores läroplan betonar kreativitet mest – ofta i samband med bedömning. De tyder 
även på att Hong Kongs läroplan betonar kreativitet på många olika sätt, och frekvent använder ord med 
konnotationer till lekfullhet. Analys av Sveriges läroplan ger indikationer på ett relativt sett ringa fokus på 
kreativitet, och att det i de fall som förekommer tenderas att sättas i ett lärarcentrerat sammanhang. Ett särdrag 
i Norges läroplan är ett ökande betonande och värdesättande av kreativitet ju närmare kurserna kommer 
universitetsstudier. En liknande men inte lika tydlig bana återfinns även i Singapores läroplan. I de asiatiska 
och i den norska läroplanerna uttrycks kreativitet både som ett verktyg och ett mål, medan det i Sveriges 
läroplan endast ses som ett mål. 
 
Resultaten diskuteras i termer av potentiella skäl bakom de framträdande nationella särdragen, och studien 
inkluderar även en utvärdering av lämpligheten hos den föreslagna definitionen av kreativitet, en genomgång 
av studiens begränsningar, samt förslag till vidare forskning. Slutligen ges två rekommendationer till Skolverket 
baserat på studiens resultat: 1) skapa variation i betonandet av kreativitet i läroplanen, och 2) säkerställ 
samstämmighet mellan vad lärare värderar och vad Skolverket värderar med avseende på kreativitet. 
 

 

 

Keywords: Creativity, mathematics, creative mathematically founded reasoning, CMR, high school education, 
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Introduction 
In the 21st century, creativity has taken a central spot in society more so than ever. As 

technology advances ever faster, constant adaptation and innovation is required, and this puts 

creativity in high demand. This holds true especially in knowledge-based economies (Robinson 

in Craft, 2006). Consequently, the current development also affects education: in the last few 

decades, creativity has “moved from the fringes of education […] to being seen as a core aspect 

of educating” (Craft, 2006, p. 19). 

 In mathematics education, Swedish research has shown that class assignments 

requiring so-called creative mathematically founded reasoning (CMR) outclass tasks based on 

algorithmic reasoning (AR) both in terms of students’ retention and (re)construction of 

knowledge (Jonsson et. al, 2014; Norquist, 2016). Norquist’s study suggests that AR is more 

cognitively taxing during testing, while CMR requires more mental effort during practice, and 

the combination of these two results is thought to be the reason for the increase in student 

performance mentioned above. In other words, there are good reasons for emphasizing 

creativity in the learning of mathematics. 

Among the tools that a government can employ to control the content of their 

mathematics educational system, the national curriculum is perhaps the most fundamental. 

While curricular objectives do not necessarily translate into actual learning objectives in school, 

at least they promote them (Jackson & Shaw, 2006). Therefore, the way that creativity is 

ingrained in these documents is crucial. As a continuation of my previous study (Bennevall, 

2016), this study explores and compares how creativity is handled and valued in different 

national high-school curricula, as well as what role it plays in these documents. Is creativity 

communicated in such a way that its great value to education and society as a whole is conveyed 

to the teachers in charge of enacting and implementing the curricula?  

Background 
This section consists of three parts. The first part examines creativity as a universal and 

mathematical concept and draws on many ideas from Bennevall (2016). The second part then 

goes on to discuss creativity in relation to curricula. Lastly, the third section gives a brief 

background to the curricula used in the present study. 

What is Creativity? 
As discussed in Bennevall (2016), creativity lacks a universally accepted definition within 

creativity research. Many scholars agree that originality constitutes a cornerstone, but at the 

same time they also maintain that originality alone is not enough to capture the core of creativity 

(Leikin & Lev, 2013; Runco, 2004). Similarly, novelty is often ascribed a big part of what 

creativity really is, although not all-encompassing (Poincaré in Edwards, McGoldrick, & 

Oliver, 2006). One could also liken creativity to innovation, but that term suggests a stronger 

focus on results and value, and as such does not perfectly describe creativity either (Smith-

Bingham, 2006). Indeed, a truly universal definition of creativity has not yet been established 

within the academic field of creativity research (Mann, 2006; Collard & Looney, 2014), perhaps 

because the essence of creativity is often thought to be subjective rather than objective (Runco, 

2004).  

An attempt to capture this subjective nature of creativity has been made by 

Csikszentmihalyi. He proposes that creativity is a social construct which requires “a culture 

that contains symbolic rules, a person who brings novelty into the symbolic domain, and a field 

of experts who recognize and validate the innovation” (quoted in Jackson & Shaw, 2006, p. 89). 

Substitute the experts, and what was originally considered creative within the domain may now 
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lose its value, and – conversely – what has previously been overlooked might now be hailed as 

a creative wonder. A similar idea is proposed by Ziegler (2005), who argues that talents such 

as creativity are ascribed to people by scientists rather than being personal characteristics.  

Similar to this train of thought is the idea that creativity is domain-specific, 

meaning that what is judged as creative in one context is not necessarily seen as creative in 

another. In the context of mathematics, creativity is often linked to problem solving. 

Chamberlin and Moon (2005), for example, contend that mathematical creativity is present 

when “a nonstandard solution is created to solve a problem that may be solved with a standard 

algorithm” (p. 38). However, some argue that a problem that can be solved with a standard 

algorithm is not actually a problem at all (Fan & Zhu, 2007). In that case, mathematical 

creativity would be impossible to demonstrate – at least if Chamberlin and Moon’s notion of 

the concept is accepted. Clearly, a comprehensive definition of creativity is difficult to find 

even within the domain of mathematics.  

Nevertheless, Lithner (2008) attempts to weave these different perspectives into 

a framework comprised of three categories: memorized reasoning (MR), algorithmic reasoning 

(AR), and creative mathematically founded reasoning (CMR). To simplify slightly, both MR 

and AR rely on some kind of knowledge learned by heart, which is not necessarily understood 

by the user. In the case of MR, this knowledge consists of pure facts (e.g. entire solutions to a 

problem), while with AR the user utilizes knowledge of algorithms. The difference here is one 

of generalizability – more problems can be solved using algorithms than just facts. CMR, 

however, goes one step further. This kind of reasoning involves the creation of solutions that 

are mathematically founded yet completely new to the reasoner. Such improvisation enables 

users to tackle problems that would be out of range for both MR and AR, and thus CMR is 

superior in terms of generalizability. 

In 2006, Edwards et al. conducted a study to find academics’ conceptions of 

creativity. As mentioned above, novelty, originality, and innovation established themselves as 

true pillars of creativity, but the academics also raised other opinions. Firstly, some interviewees 

claimed that creativity is not possible without a sound knowledge base to use as a springboard 

– an idea that has surfaced in other research as well (e.g. Haylock, 1997). To illustrate, the 

material to build a house from might be just as important to the house as the creative architect’s 

ingenious blueprint. Secondly, usefulness surfaced as an important aspect. According to several 

academics, creative work is not creative unless it is useful. Haylock (1997), however, claims 

that such a criteria may hamper creative development both on a personal and societal scale. The 

usefulness of many innovations, for example, have not been recognized until many years after 

their inception – especially in mathematics! 

Thirdly, the academics raised a point which, perhaps unknown to them, has been 

somewhat of a breakthrough in discussions about the nature of creativity over the last few 

decades: creativity, novelty, originality, innovation – all of these can manifest not only on a 

global scale, but also on a local one. In plain words, this means that creativity is present not 

only when well-educated masterminds develop groundbreaking technology previously 

unknown to mankind, but also when a child discovers a new way – to him or her – of peeling 

an orange. Beghetto and Kaufman (2009), who theorized this line of thinking, label these two 

kinds of creativity big C and little C. Several scholars (e.g. Silver, 1997; Collard & Looney, 

2014) have remarked on how the field nowadays focus more and more on little C rather than 

big C, largely because it is more accessible to research (Levenson, 2013). The next step – or 

the third wave, as Craft (2006) refers to it – is a shift toward recognizing creativity as something 

that happens everyday. This change in the academic perception of creativity makes it even 

easier to investigate scientifically due to the increased opportunities for research. 
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Nevertheless, most if not all definitions of creativity, both universal and within 

mathematics, can be contained within the so-called Four P’s of Creativity. The Four P’s of 

Creativity, a framework developed by Melvin Rhodes (1961) but rarely attributed to him in 

academic literature on the topic, states that every aspect of creativity is covered by four facets: 

Person, Process, Product, or Press. Runco (2004) explains that the fourth P – Press – is an 

abbreviation of “pressure,” and refers to the creative environment. It is thus often replaced by 

the word “Place”. According to Rhodes, a definition of creativity will always be based on the 

characteristics of creative people, processes, products, and/or environments. For example, Ma’s 

(2009) meta-analysis revealed that creative people often show characteristics such as openness 

and humor, but another meta-analysis has also related creativity in people to psychoticism (Acar 

& Runco, 2012). An often-cited ideal of the creative process, on the other hand, is Wallas’ 

Gestalt model, which states that any creative procedure go through the four stages preparation, 

incubation, illumination, and verification (see e.g. Sio & Ormerod, 2009 for more detail on this 

model). Thirdly, the creative product shares many characteristics with creativity in general (e.g. 

originality, novelty, and usefulness) as a result of the widespread Torrance tests of creative 

thinking (see e.g. Runco, 2004). A good example of a creative environment, finally, is one that 

is relaxed and permissive (Ma, 2009). 

Based mainly on these four P’s of creativity, the tentative definition used in the 

present study will be this: creativity is the characteristics of people, processes, and 

environments which lead to new and original products that are useful or otherwise attractive to 

an individual or a society. 

Creativity in Curricula 
The shift to everyday creativity also brings it closer to areas such as education, and perhaps that 

is why it has become much more prevalent in curricula over the last 30 years (Craft, 2006). In 

higher education, for example, instructors nowadays talk about leaving creative space in course 

curricula (Edwards et al., 2006): i.e. ensuring that spontaneous experiments, discussions, 

explorations, etc. are possible by avoiding curricula filled to the brim with preassigned content 

that needs to be taught.  

However, such breaks from traditional types of curricula are not always 

welcomed. For policy-makers, the big problem is that “creativity is often unpredictable, 

unmanageable and unquantifiable,” according to Smith-Bingham (2006, p. 14). Indeed, even 

back in the 60s, creativity was criticized for being too loose of a concept to be useful in 

education (Rhodes, 1961). Its value is difficult to demonstrate, it involves risk-taking, trial and 

error, failures, and potentially even waste of time, and there is often no objective way of 

assessing the results of creative work – all of these things, Smith-Bingham (2006) argues, make 

policy-makers hesitant to include creative spaces in curricula, as that would decrease their 

amount of control of the teaching.  

On the other hand, students do not always appreciate the introduction of creative 

space either (Edwards et al., 2006). However, this disapproval might not necessarily be related 

to creativity or creative space, but rather to change in general. With a new type of curriculum 

comes new ways of being taught and evaluated, and these changes make students nervous. 

Edwards et al. thus hypothesize that if creativity had been part the curricula from the beginning, 

students would have been more accepting. 

Craft (2006) also brings up issues that a curricula infused with creativity might 

have on a larger level. One example is that creativity is not always used for noble causes – 

inventions such as computer viruses and nuclear warheads speak for themselves. Creativity has 

caused many inventions, both good and evil, to see the light of day. However, would that really 
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mean that incorporating creativity in curricula is unethical? One could, after all, pose the same 

objection against learning in general. Nevertheless, the more malicious potential effects of 

enhanced creativity should of course be taken into consideration. 

Moreover, Johansson (2006, p. 15) suggests that – just like creativity – the term 

curriculum has some “definitional issues.” Frequently the term is split into parts. For example, 

a popular distinction is the one between the official/intended curriculum and the 

hidden/unintended curriculum. The difference between these two, Johansson explains, 

highlights how ideals for education often clash with reality. In the same vein, the assessment 

series Trends in International Mathematics and Science Study (TIMSS) differentiates between 

the intended, potentially implemented, implemented, and attained curriculum. The intended 

curriculum is there manifested by official documents outlining a course of study, such as those 

studied in the present study. Next, textbooks and other learning material describe the potentially 

implemented curriculum, while teachers are in charge of the actual implemented curriculum. 

The attained curriculum is then reflected in what students really learn, as evidenced by the 

results of test-taking and the like (Schmidt et al., 2001 in Johansson, 2006). Whenever not 

specified in the present study, however, the word curriculum refers to the intended curriculum. 

Leaving issues aside, in what ways can creativity be integrated into curricula? 

First, it might be useful to distinguish between creative teaching, teaching for creativity, and 

creative learning (Craft, 2006). Creative teaching highlights the teacher’s general practices: 

how can a teacher innovate in their practices to be more efficient, relevant, accurate, and so on 

– in general? Teaching for creativity, on the other hand, focuses specifically on how a teacher 

can teach creativity. Thirdly, creative learning refers to measures that students themselves can 

take to learn creatively and become more creative. Since curricula typically describe learning 

objectives for students, what is relevant for this study are creative learning and, to a smaller 

extent, creative teaching.  

Background to the Studied Curricula 
For reasons outlined in the Method chapter, this study focuses on the high-school mathematics 

curricula of Singapore, Hong Kong, Sweden, and Norway. This section will therefore give a 

short background to each curricula, pinpointing aspects relating to creativity which are of 

interest for the present study. 

 Beginning with Singapore, the nation’s curriculum is greatly inspired by two 

influences: “Thinking School, Learning Nation” and the “21st Century Competencies” (often 

abbreviated the “21CC”). Thinking Schools, Learning Nation is a model for education which 

was developed in 1997 by the Singaporean Ministry of Education (MOE). It initiated a shift 

away from what the Prime Minister at the time, Goh Chok Tong, described as a “mass-oriented 

school system, with its strict, centrally-controlled curriculum and heavy emphasis on testing 

students’ knowledge of factual content” (Saravanan, 2005, p. 97). In its place, Saravanan 

explains, communication, interaction, innovation, and inter-disciplinary assignments were to 

be emphasized in the new curricula, aiming to cultivate critical and creative thinking. The 21st 

Century Competencies, subsequently, is a framework developed by the MOE that underpins 

the current Singaporean education system. It aims to give students a holistic education that will 

“better prepare [Singaporean] students for the future,” and includes “critical and inventive 

thinking” among eight other competencies (Ministry of Education, 2015e, my emphasis).  

 As for Hong Kong’s curriculum, it finds its foundation on a document called 

“Learning to Learn – The Way Forward in Curriculum” which was published by the Hong Kong 

Education Bureau in 2001 (Hui & Lau, 2010). In this report, the Education Bureau introduces 

nine generic skills which are said to be “fundamental to helping students learn better” and thus 
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should be developed in every student in Hong Kong (Education Bureau, 2010, p. vi). Among 

the nine skills, however, the Education Bureau recommends according priority to critical 

thinking, creativity, and communication skills over the other six, since these three are “crucial 

for helping students to appreciate the pleasure of learning to learn and to reduce their 

dependency on transmission of knowledge” (p. v). 

 In Sweden, modern curricular theory has been guided by the frame factor theory, 

which was established by Dahllöf and Lundgen in the 60s and 70s (Broady, 1999). According 

to Broady, a frame factor is a factor which limits the educational setting but is outside of the 

teacher’s control, two examples being the goals stated in the curriculum and the time needed 

for students to learn a certain subject. By altering frame factors, politicians can and have 

influenced the possibilities of developing creativity in Swedish students, e.g. by suggesting 

modifications to the curriculum. For instance, the changes leading to the most recent 

curriculum, “GY2011,” was mainly a result of a national investigation titled “Framtidsvägen – 

en reformerad gymnasieskola” (SOU:2008:47, roughly translating into “The Path to the Future 

– a Reformed High School”) commissioned by the Swedish government. This investigation 

recommended, among other things, stronger differentiation between the vocational and 

academic educational paths, a new grading system using grades A-F, and new high school 

eligibility requirements. No particular emphasis was given to creativity. 

 Lastly, the Norwegian curriculum is colored by the Framework for Basic Skills. 

This framework was developed by the Norwegian Institute for Education and Training, 

Utdanningsdirektoratet, and is declared to be “a tool for subject curricula groups […] to develop 

and revise National Subject Curricula” (Utdanningsdirektoratet, 2012, p.2). Orals skills, 

reading, writing, digital skills, and numeracy constitute the basic skills outlined by the 

framework, and consequently a wish to enhance these five skills in students steers the direction 

of the Norwegian curriculum. Creativity, however, is not explicitly mentioned as being a part 

of the framework.  

Aim and Research Questions 
The aim of this study is to compare how creativity, as understood in this study, is framed in 

different national high-school mathematics curricula. The research is guided by three research 

questions: 

1) How is creativity handled in high-school mathematics curricula? 

2) How is creativity valued in high-school mathematics curricula? 

3) What role does creativity play in national high-school mathematics curricula? 

“Handle” in this context refers to whether creativity is mentioned at all, and, if so, where and 

how often it is mentioned, whereas “value” refers to how it is mentioned. Naturally, the answers 

to the first two questions can be expected to often overlap with the answers to the third question. 

However, to more clearly and thoroughly pinpoint what role creativity plays in the curricula, 

the third research question remained. To exemplify, creativity could play the role of an 

assessment tool, a fun activity out of the ordinary, or a learning objective. In the end, these three 

research questions are designed to cover different aspects of the subject, and together they can 

give a more comprehensive view of it than they would have been able to do individually. 
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Method 
This study was divided into three clear phases (Figure 1), with the first phase consisting of data 

gathering. The second phase, which aimed to answer the first research question, then used top-

down content analysis to count the mentions of indicators to creativity in the different curricula. 

Subsequently, the third phase utilized discourse analysis, a bottom-up method, in an attempt to 

answer the second and third research questions. (See Robson (2011) for an explanation of the 

terms “top-down” and “bottom-up.”) The results of the second phase were useful also in the 

third phase since it helped limit the data to the sections of the curricula which dealt with 

creativity. 

 

 

Figure 1: The three phases of the study. 

 

To use several different methods in this manner – triangulating – increases the wealth of detail 

that is possible to extract from the data and thus improves the accuracy of the study (Bryman, 

2011). According to Bryman, qualitative methods such as discourse analysis are sometimes 

criticized for a perceived lack of scientific rigor, so this measure helped in counteracting that 

risk.  

Choice and Collection of Data 
The choice of data for this study was national high-school curricula in mathematics. More 

specifically, it consisted of equivalents to the Swedish mathematics curricula for gymnasiet. 

Using the terminology of the International Standard Classification of Education (ISCED), this 

level could be interpreted as either upper secondary education or post-secondary non-tertiary 

education (UNESCO, 2012). Naturally, school systems differ between countries, but usually 

students are somewhere between 15 and 19 years old when attending this kind of education. 

When selecting the nations whose curricula were to be studied, several factors 

were considered. First off, were the potential nations’ curricula available in English? The 

researcher knows Swedish and a bit of Spanish in addition to English, but to maximize the 

comparability between different curricula it was decided that only the English versions of 

curricula should be used. Secondly, were the curricula readily accessible online? This 

consideration was mostly due to convenience, since it sped up the process of finding useable 

and relevant material. 

The third consideration also dealt with comparability: are the nations (somewhat) 

comparable with respect to social structure and socioeconomic standard? Of course, no two 

countries can be perfectly comparable in these aspects; nevertheless, contrasting the curriculum 

of a very poor country with that of a wealthy and highly developed country, for example, might 

yield misleading results. Countries have, after all, varying amounts of resources available to put 

into the development of their school systems, teachers, and curricula, and because of this a 

poorer country can be expected to emphasize creativity (and indeed any given area) less than a 

wealthier country. However, that lack of emphasis is then due to practical reasons rather than 

philosophical ones. In other words, poorer countries may want to emphasize creativity but not 

be able to. Portraying a poorer country’s curriculum as less creative would in that case be unfair 

Data 
Gathering

Content 
Analysis

Discourse 
Analysis



7 

 

and thus unethical. Selecting countries of similar social and economic standard was therefore 

important.  

 Based on these considerations, the OECD constitutes a fairly suitable group of 

countries. Their social structures and socioeconomic standards are homogenous enough to be 

comparable, yet there are also clear differences between them – for example geographically and 

culturally. Importantly, many of them have their respective national curriculum available online 

and in English. Moreover, nearly all members of the OECD participated in the 2012 edition of 

PISA’s study on creative problem solving in mathematics (OECD, 2014). Despite the fact that 

PISA assesses 9th-grade students rather than those attending high school, it was considered 

relevant to the present study due to its rigor and international coverage. A more recent edition 

of PISA was conducted in 2015; however, unlike the 2012 edition, the focus subject of the 2015 

study was not mathematics, and therefore it did not evaluate creative problem solving. 

In PISA 2012’s evaluation (OECD, 2014), Singapore emerged as the top 

performer and was thus an obvious candidate for this study. Other top performers – South 

Korea, Japan, and Macao-China – were considered in succession, but there are no official 

English translations of the high school curricula of South Korea and Japan, and schools in 

Macao-China do not follow a national curriculum. Hong Kong-China (the next region in the 

ranking) did, however, fulfill all the requirements. Furthermore, since the researcher is Swedish, 

Sweden was also of particular interest and therefore included. Sweden’s performance in the 

PISA study was just below average, and another average performer – Norway – was selected 

for the study to increase comparability. In conclusion, then, the selected countries formed two 

pairs: the (according to PISA) highly creative Asian countries Singapore and Hong Kong, and 

the creatively average duo Sweden and Norway. These four nations all had English translations 

of their curricula readily available online (Table 1). 

 
Table 1: The four selected countries and their national high-school curricula in mathematics. 

Country Curriculum 

available in 

English 

Curriculum 

available 

online 

URL (as of 2017-05-05) 

Singapore Yes Yes  https://www.moe.gov.sg/education/syllabuses/sciences/ 

Hong Kong Yes Yes  http://www.edb.gov.hk/attachment/en/curriculum-

development/kla/ma/curr/Math_CAGuide_e_2015.pdf 

Sweden Yes Yes https://www.skolverket.se/polopoly_fs/1.209319!/Mathema

tics.pdf  

Norway Yes Yes https://www.udir.no/laring-og-trivsel/lareplanverket/finn-

lareplan/#matematikk&english 

 

Any sample used in content analysis should be evaluated according to the criteria 

authenticity, credibility, and representability (Scott, 1999 in Bryman, 2011). In this study, the 

curricula were downloaded from the websites of the school ministries in their respective 

countries, and therefore their authenticity was all but guaranteed. Moreover, while some of the 

curricula are fairly new, older versions of these documents have also been subject to academic 

studies (see e.g. Fan & Zhu, 2007; Leung et al. 2014; Hemmi & Lepik, 2013). As regards 

credibility, national curricula are official and publically available documents which are 

regularly used in daily life by teachers and other school personnel; due to their important role 

in society, they are highly likely to be credible. The fact that they were found on official 

https://www.moe.gov.sg/education/syllabuses/sciences/
http://www.edb.gov.hk/attachment/en/curriculum-development/kla/ma/curr/Math_CAGuide_e_2015.pdf
http://www.edb.gov.hk/attachment/en/curriculum-development/kla/ma/curr/Math_CAGuide_e_2015.pdf
https://www.skolverket.se/polopoly_fs/1.209319!/Mathematics.pdf
https://www.skolverket.se/polopoly_fs/1.209319!/Mathematics.pdf
https://www.udir.no/laring-og-trivsel/lareplanverket/finn-lareplan/#matematikk&english
https://www.udir.no/laring-og-trivsel/lareplanverket/finn-lareplan/#matematikk&english
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government websites also strengthens their credibility. Thirdly, there is the question of 

representability, which no doubt is the weak spot of the selected sample. After all, the national 

curricula of only four countries can hardly reflect all, or even most, of the national curricula 

available globally. Within the OECD, however, one could argue that the four countries are at 

least fairly representative in regards to creativity in mathematics, with the Asian countries 

covering the top ranks and the Nordic ones the average performers. The weaker ranks are, of 

course, not represented. Including the weaker ranks would have required a more extensive 

study, and, in the choice between ranks, the upper ones were deemed more interesting. 

 
Table 2: The studied (sub)curricula. Each row represents one document. Foundational courses (green) are 

typically taken in year 1, continuation courses (yellow) in year 2, and advanced courses (red) in year 3 of high 

school. 

Country (Sub)curriculum Notes 

Singapore H1 Foundational course, especially relevant for students who would like 

to pursue further studies in business or social studies. 

 H2 Continuation course, especially relevant for students who would like 

to pursue further studies in mathematics, science, and engineering. 

 H2 Further 

Mathematics 

Continuation course, especially relevant for students who would like 

to specialize in mathematics, science, and engineering. 

 H3 Advanced course, especially relevant for students who would like to 

become mathematicians. 

Hong 

Kong 

Secondary 4-6 Includes a compulsory part consisting of foundation topics and non-

foundation topics, as well as an optional extended part consisting of 

two modules (Calculus and Statistics and Algebra and Calculus). 

These two parts both cover the whole range from foundational to 

continuation to advanced courses. 

Sweden High school Includes the foundational courses Mathematics 1a-c and 

Mathematics 2a-c, the continuation courses Mathematics 3b-c and 

Mathematics 4, as well as the advanced courses Mathematics 5 and 

Mathematics – specialization. a courses are geared more toward 

vocational programs, c courses more toward programs leading to 

further studies, and b courses belong somewhere in between. 

Norway 1T-Y, 1P-Y, 1T, 

1P 

Foundational courses. T courses are more theoretical while P 

courses are more practical. Y courses are for vocational programs. 

 2T-Y, 2P-Y Continuation courses for vocational programs. 

 2T, 2P Continuation courses for programs leading to further studies. 

 R1, R2 Continuation and advanced courses for the natural science program. 

 S1, S2 Continuation and advanced courses for the social science program. 

 X Advanced specialization course. 

 

Since all national curricula are different from one another, choices had to be made 

regarding what content should be included in the study. The first decision was that all 

subcurricula of the national mathematics curricula should be used, including curricula 

pertaining to specialization courses. Thus, the documents studied were the Singaporean 
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curricula for H1, H2, H2 Further Mathematics, and H3; the Hong Kong curriculum for 

Secondary 4-6; the Swedish high school curriculum; and the Norwegian curricula for 1T, 1P, 

1T-Y, 1P-Y, 2T, 2P, 2T-Y, 2P-Y, R1, R2, S1, S2, and X (Table 2). The differences in structure 

between these national curricula were perceived as related to national variation, which, after 

all, was what the study was interested in.  

The second decision was concerned with what content within these curricula to 

analyze. Since some curricula are more comprehensive than others, the decision was made to 

only consider what should be regarded as the main content of a curriculum, i.e. descriptions of 

what students are projected to learn. These include concepts, skills, competences, attitudes, 

processes, main subject areas, core content, learning units, foundation and non-foundation 

topics, as well as objectives, aims, learning targets, and knowledge requirements found within 

the curricula. That is, the intended curriculum was the focus of the study (see Creativity and 

Curricula). Content such as discussions about curriculum design, the role of assessment in 

school, and resources for teachers was not considered. 

Method for Data Analysis 
This section outlines the methods used for the second and third phases of the study, i.e. the 

content analysis and the discourse analysis. 

Method for the Content Analysis 
In the second phase of the study, content analysis was employed on the selected curricula, using 

a qualitative data analysis software called NVivo 11. “Content analysis,” according to Bryman 

(2012, p. 290), “is an approach to the analysis of documents and texts that seeks to quantify 

content in terms of predetermined categories and in a systematic and replicable manner.” The 

approach thus requires predetermined categories.  

Rather than constructing a new set of categories, it was decided that a 

modification of Jackson and Shaw’s (2006) data analysis tool should be used (Table 3, next 

page). Originally, the coding manual was used by Jackson and Shaw to “evaluate subject 

benchmark statements for indications of support for creativity in students’ learning” (p. 107), 

but Marquis et al. (2017) then went on to use the tool when scrutinizing undergraduate course 

outlines for creativity. Subject benchmark statements and course outlines both share many 

similarities with national curricula, and therefore the tool was deemed suitable for the present 

study. In addition to the indicators outlined by Jackson and Shaw, however, Marquis et al. also 

looked for “explicit references to student creativity or broadly related words such as innovation 

or imagination” (p. 226). Marquis et al. do not motivate this inclusion in their study, but here 

the measure was adopted for two reasons: 1) to not neglect obvious but nonspecifically phrased 

references to the development of creativity (e.g. “teaching should give students the opportunity 

to challenge, deepen and broaden their creativity and mathematical skills” found in Skolverket, 

2011a, p. 1), and 2) to help highlight data relevant for the subsequent discourse analysis.  

The originators of the analytical tool, Jackson and Shaw (2006), do not state 

whether the tool is designed to capture little C or big C. These are two different aspects of 

creativity, and using the tool to measure one of them could prove problematic if it was indeed 

meant to measure the other. However, due to the context onto which the tool was applied – 

(higher) education – the tool can be assumed to be geared more toward little C. As mentioned 

earlier, big C is relevant only at the peak of human development, and while this peak may 

include the works of the very best students in the most advanced courses, the vast majority of 

students never reach it. In high school, this number should be even lower. Hence, little C is 

more relevant in both of these contexts.  
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Another potential problem with the analytical tool is that it seems to cover 

references to the creative Person (category 1), Process (1 and 3), and Product (2 and 4), but not 

the creative Press/Place. Whether this omission is intentional or not by Jackson and Shaw is not 

clear. At the same time, one could argue that the responsibility for creating creative 

environments should be put on people on a higher structural level than the main target audience 

of national curricula. In other words, creative environments might be an issue for principals, 

school boards, and municipalities more so than for students and teachers. If that is the case, it 

might help to explain the apparent exclusion of the fourth P in the analysis tool, and the tool 

was deemed suitable for the present study in spite of this deficiency. 

In the coding manual, divergent thinking refers to a thought process characterized 

by an appreciation and exploration of many different solutions; convergent thinking (its 

opposite) to a thought process which tries to find one, often the best, solution; lateral thinking 

to an unusual, indirect, or not immediately obvious thought process (often called “thinking 

outside the box”); negotiated learning to activities where students are encouraged to come up 

with ideas on how their learning can be improved; experiential learning to activities where 

students are encouraged to learn through experience (often called “learning by doing”); and, 

lastly, open-ended problem solving to solving of problems characterized by several possible 

ways of approaching the problem and/or several possible correct solutions. 

 
Table 3: Analysis tool and coding manual (adapted from Marquis et al., 2017, and Jackson & Shaw, 2006). 

# Creativity category # Creativity indicator 

1 Student thinking abilities 11 

12 

13 

14 

Divergent and convergent thinking 

Lateral thinking 

Taking risks and coping with failure 

Operating in complex and ambiguous settings 

2 Student ideas 21 

22 

23 

24 

25 

Generation of ideas  

Reflection on own ideas 

Review and evaluation of own ideas 

Development of new knowledge 

Development of new practice(s) 

3 Student imagination and 

originality 

31 

32 

Transfer and application of learning in new contexts 

Making of new knowledge connections 

4 Student activities with 

potential to promote 

creativity 

41 

42 

43 

44 

45 

46 

47 

Assessment 

Analysis 

Synthesis 

Negotiated learning 

Experiential learning 

Open-ended problem solving 

Project/assignment work to plan/design/develop 

5 Explicit references 51 

52 

53 

54 

55 

Creativity 

Innovation 

Imagination 

Flexibility 

Originality 
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The analytic tool employed in the present study differs slightly from the versions 

used by Marquis et al. and Jackson and Shaw, mostly due to two modifications. The first one is 

the omission of two indicators found in the original framework, engages in systematic process 

of enquiry and personal/interpersonal skills for teamwork/pdp/reflection, because these were 

neither defined by the mentioned authors nor well understood by the current researcher, and 

thus difficult to use. Coding for indicators without having a proper understanding of them would 

likely lead to misleading results. The second modification is a stronger emphasis on own ideas 

in the second category, student ideas. This change was done to more clearly differentiate 

reflection of ideas and review and evaluation of ideas from analysis and assessment, 

respectively. These indicators would otherwise be nearly indistinguishable from one another, 

and therefore one of each pair would be superfluous. Moreover, coding is easier and more 

efficient the more categories are mutually exclusive (Bryman, 2011). 

Nevertheless, Bryman states that one of the disadvantages of content analysis is 

the common need for interpretation, and if at any point multiple indicators were applicable to 

an item in the data, that item was marked for all relevant indicators in NVivo 11 (Figure 1, next 

page). This approach also had the additional benefit of making the content analysis more useful 

for the third phase of the study (see the introductory paragraph of Method). Despite this 

technique, some interpretation was indeed necessary. References to student-created solution 

models, for instance, were coded as generation of ideas, and allusions to proofs or proving were 

coded as open-ended problem solving. Two examples are “[The aims of the studies are to enable 

pupils to] make measurements in practical experiments and formulate mathematical models 

based on the observed data” (Utdanningsdirektoratet, 2013b, p. 5), and “students should 

therefore learn to justify their solutions, give reasons to support their conclusions and prove 

mathematical statements” (Ministry of Education, 2015a, p. 1). The reasoning here was that 

model-eliciting tasks are often noted for its potential in enhancing creativity since it requires 

the creation of a product/idea (Chamberlin & Moon, 2005), and, as regards proofs, that a 

theorem can typically be proven in several different ways.  

 

 

Figure 1: Example of how a text string was coded for multiple indicators in NVivo11. (Hong Kong’s curriculum.) 

Figure 1 also shows an example of what the unit of analysis was in this study, i.e. 

a learning objective. Learning objectives range from very general to very specific, and 

depending on the formatting in the curricula, a learning objective can constitute a word, part of 

a phrase, a phrase, a sentence, or multiple sentences. However, learning objectives are typically 

clearly separated in curricula, e.g. through listing or by a blank space. Nevertheless, in cases 

where two references to the same indicator were found next to each other and not clearly 

separated, these were coded as a single reference. In Figure 1, for instance, solving problems in 
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daily life and solving problems in other disciplines could both be interpreted as individual 

references to transfer and application of learning in new contexts, but since they are not clearly 

separated they were coded as one. 

As mentioned above, the analysis utilized a software called NVivo 11, which 

allows for storing, organizing, and coding of digital documents. In particular, NVivo specializes 

in handling of unstructured, qualitative data. While not utilized in the present study due to lack 

of knowledge on the researcher’s part, a prominent feature of the software is also the ability to 

visualize data through different kinds of diagrams. NVivo is not free of charge; however, the 

researcher had access to a free download due to being a university student. In general, the 

analytical tool used in the present study was easily adapted to NVivo due to structural 

similarities. Nevertheless, a downside was that the indicators (“nodes” in NVivo) could not be 

organized into categories. It was indeed possible to place the indicators in folders, but since 

only one folder could be viewed at a given moment, this approach would have made the 

overview of the indicators obscure and the handling of them awkward. Hence folders were not 

used. Apart from this small inconvenience, the software was found well-suited for the purposes 

of the study.  

Method for the Discourse Analysis 
The third phase entailed a discourse analysis of the passages in the national curricula which the 

content analysis had coded for creativity. Discourse analysis “emphasizes the way versions of 

the world, of society, events and inner psychological worlds are produced in discourse” (Potter 

in Bryman, 2012, p. 528), where a discourse refers to “a certain way of talking about and 

understanding […] a section of the world” (my translation of Bolander & Fejes, 2015, p. 92). 

In other words, discourse analysis highlights how different ways of expressing information 

affect our way of understanding our universe. Bolander and Fejes stress the importance of the 

pronoun our in this context, as the researcher necessarily is a part of the discourse. 

Consequently, it might be of interest to the reader to know that the researcher of the present 

study is a high school mathematics teacher in training, with a certain interest in creativity. This, 

of course, affects the lens through which the curricular discourse is experienced and interpreted, 

though how and to what degree must be determined by the reader. Ultimately, such bias is 

impossible to avoid as long as a human is doing the research, and might thus be considered 

somewhat of a necessary evil. 

Discourse analysis, perhaps controversially, is “not interested in trying to show 

what reality actually looks like” (my translation of Bolander & Fejes, 2015, p. 109). Rather, 

Bolander and Fejes argue that it puts attention toward what is constructed through language as 

normal and visible in society. Linguistic details are important, as are omissions – after all, one 

way of saying something is necessarily also a way of not saying something else (Bryman, 2012). 

For example, if one says that geography is fun but mathematics is fun and interesting, that 

would suggest that geography is not interesting. Discourse analysis thus also examines what is 

constructed as abnormal and invisible (Bolander & Fejes, 2015). Because of this interest in 

what could have been, the present study followed the recommendation of exercising a skeptical 

mindset when scrutinizing the texts (Gill in Bryman, 2012). 

 When analyzing the curricular discourse, the study was guided by Bolander and 

Fejes’ (2015) general research questions for discourse analysis. These include (but are not 

limited to) the following:  

 What titles are used? 

 What punctuation is used? 

 What examples are used? 
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 What pronouns are used? 

 What adjectives are used, and how? 

 What categories are used? 

 What levels of abstraction are used? 

 What words are italicized, bolded, or otherwise emphasized? 

 What connotations do the most important words or terms have? 

 In which contexts can the object of interest be found? 

 How much space is allotted to the object of interest? 

In addition to these, however, the study also employed methods designed more specifically for 

the particular context that was studied. Examining how creativity is valued in national high-

school curricula, for example, requires a specialized approach, since the meaning of value is 

often thought to vary between communities, contexts, and cultures (Heuts & Mol, 2013). To 

circumvent this problem, it was assumed that the subject of mathematics is valued highly in any 

mathematics curricula. This assumption of a fixed reference point of value made it possible to 

estimate the relative value of creativity in relation to mathematics: if creativity is valued as high 

or higher than mathematics, it can also be presumed to be valued highly overall.  

 The question, then, is how the relative value of creativity can be established? The 

method used in the present study was to investigate linguistically whether creativity was used 

as a means to learn mathematics, or, conversely, mathematics was used as a means to learn 

creativity. This method thus relies on yet another assumption: the value of a tool in a certain 

context can never exceed the value of that which it is used to attain. To exemplify, a hunter’s 

bow is useless if it cannot bring any food to the table, and a pencil is not very useful if one 

cannot write with it. That is, within the users’ particular contexts, the value of their tools is 

limited by the results that they can produce. True, a bow can be valuable as a decoration on the 

wall, and a pencil can be used as a hammer, but, nonetheless, these potential values most likely 

do not matter to the hunter or the writer, respectively. Correspondingly, if creativity is portrayed 

as a tool to learn mathematics in mathematics curricula, it should not be thought of as more 

valuable than the subject of mathematics in that context – and vice versa.  

Framing the analysis in this way also had the incidental benefit of helping to 

answer the third research question, since it examined whether creativity took on the role of a 

means or an end. Nevertheless, a second strand of the discourse analysis then utilized the 

general research questions mentioned above to more fully examine what role creativity was 

assigned in the different curricula. In particular, the questions relating to context and 

connotations were found useful in this process.  

Thanks to the coding provided by the content analysis, all references to creativity 

in the (selected parts of the) curricula had already been highlighted, and these text strings 

formed the data on which discourse analysis was performed. Although a discourse permeates 

entire curricula, however, it is typically most palpable in sections which deal with general aims 

of a whole course. Consequently, these sections received the most attention. 
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Analysis and Results 
This section is divided into one part detailing the results of the content analysis and one part 

pertaining to the results of the discourse analysis. An overview of the results of the first phase 

of the study can be found in Table 4. 

Results of the Content Analysis 
The objective of the content analysis was to answer the research question “how is creativity 

handled in national mathematics high-school curricula?” Using the data analysis tool outlined 

in the Method section, 438 references to creativity were found across the four different national 

curricula, representing all 5 of the predetermined categories by means of 19 out of the 23 

predetermined indicators (Table 4, next page). The only country whose curriculum did not 

include a single explicit reference to creativity was Singapore, despite being hailed by PISA as 

a nation of creative problem-solvers. On the other hand, however, Singapore’s curriculum was 

also the only one to explicitly mention innovation. 

 In total numbers of references, Singapore topped the comparison with 188, 

followed by Norway at 135, Sweden at 70, and Hong Kong with only 45. However, as the 

curricula are structured differently and are of various length, the total numbers of references is 

not a very fair comparison. For example, one curriculum might state once, e.g. in a description 

of the aims of the subject as a whole, that creativity is something that should permeate all the 

relevant courses, while another curriculum with the same idea may instead opt for including 

individual and customized references to creativity in each subcourse outline. The latter 

curriculum would then score higher in this measure than the former, despite saying essentially 

the same thing. For example, this is the case in Sweden’s vs. Norway’s curricula, due to how 

the latter is divided into several subcurricula. Nevertheless, it is of some interest that the total 

number of references in the different curricula do not correlate with the PISA ranking of each 

respective country: Singapore and Hong Kong – both top performers according to PISA – are 

at each extreme end, and likewise Sweden’s and Norway’s curricula show very different results 

in spite of the two countries’ similar PISA rankings. Keep in mind, however, that the studied 

versions of several of the curricula were published after PISA’s study had been carried out. 

The results shown in Table 4 could also be used for an inter-comparison of the 

national curricula. Such a breakdown shows that the Singaporean curriculum, relatively 

speaking, emphasizes generation of ideas (72 references), experiential learning, and 

innovation, referencing these indicators more than thrice as often as the other curricula. Hong 

Kong’s curriculum, to juxtapose, barely mentions generation of ideas at all (only 2 references 

in total). However, Hong Kong’s curriculum is simultaneously the one with the most explicit 

references to creativity and allusions to divergent and convergent thinking. Sweden, on the 

other hand, completely lacks references to divergent and convergent thinking, but instead 

mentions development of new knowledge and operating in complex and ambiguous settings 

more often than the other countries’ curricula. Interestingly, the latter indicator is – contrarily 

to how it is in Sweden – a relative weakness of Norway’s curriculum. Rather, Norway’s 

curriculum more readily highlights reflection on own ideas and project/assignment work to 

plan/design/develop. 

Among the four curricula, generation of ideas and analysis were by far the most 

mentioned indicators (106 and 101 references, respectively), followed by transfer and 

application of learning in new contexts (57). In fact, an intra-comparison reveals that these three 

indicators constituted the top three mentioned indicators for every country except Hong Kong 

(whose curriculum mentioned divergent and convergent thinking more often than generation  
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Table 4: Results of the content analysis (SG = Singapore, HK = Hong Kong, S = Sweden, N = Norway, Σ = Sum). 

A 1 in the table represents one reference to the respective indicator in the respective curriculum. Total Σ refers to 

the sum of references in each respective column (e.g. 4 + 1 + 0 + 3+. . . = 188 in the case of Singapore). Unique 

indicator Σ refers to the total number of indicators that are referenced in each curriculum (e.g. divergent and 

convergent thinking, lateral thinking, operating in complex and ambiguous settings, etc. in the case of Singapore).  

 

 

# Creativity 

category 

# Creativity  

indicator 

SG HK S N Σ 

1 Student 

thinking 

abilities 

11 

12 

13 

 

14 

Divergent and convergent thinking 

Lateral thinking 

Taking risks and coping with failure 

Operating in complex and 

ambiguous settings 

4 

1 

- 

 

3 

5 

- 

- 

 

2 

- 

- 

- 

 

6 

4 

- 

- 

 

- 

13 

1 

- 

 

11 

   SUBTOTAL Σ 8 7 6 4 25 

2 Student ideas 21 

22 

23 

24 

25 

Generation of ideas  

Reflection on own ideas 

Review and evaluation of own ideas 

Development of new knowledge 

Development of new practice(s) 

72 

5 

6 

- 

- 

2 

1 

1 

1 

- 

10 

- 

6 

5 

- 

22 

14 

9 

1 

- 

106 

20 

22 

7 

- 

   SUBTOTAL Σ 83 5 21 46 155 

3 Student 

imagination 

and originality 

31 

 

32 

Transfer and application of learning 

in new contexts 

Making of new knowledge 

connections 

19 

 

6 

14 

 

2 

15 

 

- 

6 

 

4 

54 

 

12 

   SUBTOTAL  Σ 25 16 15 10 66 

4 Student 

activities with 

potential to 

promote 

creativity 

41 

42 

43 

44 

45 

46 

47 

Assessment 

Analysis 

Synthesis 

Negotiated learning 

Experiential learning 

Open-ended problem solving 

Project/assignment work to 

plan/design/develop 

12 

41 

- 

- 

3 

13 

1 

3 

5 

- 

- 

1 

1 

1 

9 

12 

- 

- 

- 

5 

- 

15 

43 

1 

- 

1 

8 

5 

39 

101 

1 

- 

5 

27 

7 

   SUBTOTAL  Σ   70 11 26 73 180 

5 Explicit 

references 

51 

52 

53 

54 

55 

Creativity 

Innovation 

Imagination 

Flexibility 

Originality 

- 

2 

- 

- 

- 

4 

- 

1 

1 

- 

2 

- 

- 

- 

- 

2 

- 

- 

- 

- 

8 

2 

1 

1 

- 

   SUBTOTAL  Σ 2 6 2 2 12 

   TOTAL Σ 188 45 70 135 438 

   UNIQUE INDICATOR Σ  14 15 9 14 19 
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of ideas), and Norway (where assessment was referenced more often than transfer and 

application of learning in new contexts). One striking observation is that synthesis was 

mentioned so seldom compared to analysis (only 1 vs. 101 times) – the Norwegian curriculum 

alone alluded to it. Other indicators that were only referenced once were lateral thinking 

(Singapore), imagination (Hong Kong), and flexibility (Hong Kong). Moreover, several 

indicators did not receive a single mention from any curricula: taking risks and coping with 

failure, development of new practice(s), negotiated learning, and originality. 

Instead of looking at the total number of references for an international 

comparison, the number of unique indicators to creativity referenced in each curriculum may 

be a better measure. In this regard, Singapore and Hong Kong both show solid results with 

references to 14 and 15 unique indicators, respectively. Especially impressive in this area is 

Hong Kong’s result, considering the meager 45 total mentions in its curriculum; Sweden’s 

curriculum, to contrast, only references 9 unique indicators among 70 references in total. The 

big surprise here, however, is Norway: 14 out of 23 indicators are present in its national 

curriculum. This result puts it at equal footing with the curricula of Singapore and Hong Kong. 

Lastly, the subtotals for each category can provide additional insight. In general, 

student ideas and student activities were by far the most referenced categories (155 and 180 

references). This suggests an overall bias toward the creative Product over the other creative 

P’s in the studied curricula. The category most clearly representing the creative Process (student 

thinking abilities), for example, only received 25 mentions. However, compared to the general 

trend, there is a regional irregularity in Hong Kong’s curriculum, as it references student 

imagination and originality more often than the other categories. Moreover, Hong Kong’s 

curriculum exhibits explicit references to creativity thrice as frequently as any of the other 

curricula, despite its low total number of references. Creativity is thus handled quite differently 

in Hong Kong’s curriculum compared to what can be seen in the documents of the other three 

countries. 

Results of the Discourse Analysis 
The aim of the discourse analysis was to answer the second and third research questions, i.e. 

“how is creativity valued in national high-school mathematics curricula,” and “what role does 

creativity play in national high school mathematics curricula?” This section will detail the 

results of two strands of the analysis: one which deals with the relationship between the subject 

of mathematics and creativity, and one which focuses on the words used to describe creativity 

as well as the contexts where these descriptions were found. 

The Relationship between Mathematics and Creativity 
Regarding the role of creativity in curricula, a distinction was found between (sub)curricula 

which express creativity as a means to develop mathematical abilities and those that, 

conversely, see mathematics as a means to develop creativity. For example, the Norwegian 

school ministry Utdanningsdirektoratet (2013a) states in the curriculum for the common core 

subject of mathematics that:  

 

“The subject of Mathematics contributes to developing the mathematical competence needed 

by society and each individual. To attain this, pupils must be allowed to work both 

theoretically and practically. The teaching must switch between explorative, playful, 

creative and problem-solving activities and training in skills.” (p. 2) 
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Here, in the curriculum which covers the first grade of the Norwegian high school (VG1, i.e. 

vidaregående skole year 1), creative activities are regarded as a way of developing 

mathematical competence. The same formulation is repeated in the VG2 curricula for programs 

save for natural and social sciences (2013b; 2013c; 2013d). In both the VG2 and the VG3 

curricula for the latter two programs, however, the insinuation regarding the relationship 

between mathematics and creativity is absent; in fact, no link between the two concepts is made 

at all. Then, in the curriculum for Mathematics X (2013f), i.e. the most advanced course of the 

Norwegian high school, the connection returns: “teaching in the programme subject shall be 

organized so as to develop the pupils’ abilities in creative thinking…” (p. 2). Notice, however, 

that the relationship here is the converse: mathematics is now seen as a means for developing 

creativity rather than the other way around. 

 What this shows is that, as courses in the Norwegian curriculum approach tertiary 

education, creativity grows in relative value and importance compared to the subject of 

mathematics. In the lower grades, creativity is merely a means to an end. At VG2 level, the 

same is true only for programs whose main objective is to prepare students for work rather than 

higher studies. In the most advanced mathematics course, creativity becomes a goal in itself – 

a goal pursued through the help of mathematics.  

The Hong Kong curricula, to contrast, view the relationship between creativity 

and mathematics as bidirectional and reciprocal rather than one-directional. On the one hand, 

“mathematics is an intellectual endeavor through which students can develop their imagination, 

initiative, creativity and flexibility of mind” (Education Bureau, 2007, p. 2), but, on the other, 

creativity is also seen as a “generic skill” which serves “as a means to develop the acquisition 

and mastery of mathematical knowledge and concepts” (p. 9). In other words, creativity and 

mathematics are understood as mutually beneficial and valuable. 

Singapore’s curriculum does not explicitly mention creativity, and as such it is 

difficult to confidently analyze its relationship to mathematics. At the same time, there are 

several formulations which share similarities with the ones mentioned in the previous 

paragraph. For example, the Ministry of Education (2015a) declares that “through 

[mathematical] experiences, students learn to think […] inventively about the problems and 

their solutions” (p. 5), and, while creativity is not mentioned as a skill in itself as in Hong 

Kong’s curriculum, related skills such as analysis and estimation are acknowledged to be 

“important in the learning and application of mathematics” (p. 3).  

Moreover, it is noticeable that the Singaporean curriculum intensifies the 

emphasis on creative activities as the courses become more advanced. In H3 Mathematics, the 

most difficult course, one aim is to “enable students to […] acquire advanced problem-solving 

skills and methods of proof by learning useful mathematical results and techniques to solve 

non-routine problems and prove statements” (2015d, p. 6). Solving of non-routine problems 

and construction of proofs are traditionally seen as very beneficial types of tasks from a creative 

standpoint (see e.g. Bennevall, 2016), and the mention of the former one is the first and only 

reference to lateral thinking in the Singaporean curriculum (in fact, across all the four national 

curricula.) Hence, the Singaporean curriculum at least shows a similar progression of creative 

value to its Norwegian equivalent, although not exactly the same. 

Lastly, Sweden’s curriculum is comparatively brief, but does mention 

development of students’ creativity as one of the general aims of the subject: “teaching should 

give students the opportunity to challenge, deepen and broaden their creativity and 

mathematical skills” (Skolverket, 2011a, p. 1). What is most interesting, however, is that the 

relationship between creativity and mathematics is different here compared to the curricula of 

the other countries: the Swedish curriculum states that they are both goals, but neither is an 
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instrument to reach the other. Rather, teaching is brought forward as the means toward both 

ends. Neither mathematics nor creativity could thus be said to be more valued than the other. 

Word Choices and Contexts 
As mentioned in the content analysis, Singapore’s curriculum was the only one among those 

studied which did not include an explicit reference to creativity. Of course, that is not to say 

that it does not value creativity; in fact, there are several indications proving that it does. 

However, in phrases where the word “creativity” very well could have been used, Singapore’s 

curriculum instead opts for the word “invention.” For example, students should “learn to think 

critically and inventively,” and “national assessment would require students to think critically 

and inventively” (MOE, 2015a, p. 5, my emphasis) – not creatively. Moreover, two observations 

deserve to be highlighted regarding the context surrounding inventive thinking in the 

curriculum. Firstly, inventive thinking is always coupled with critical thinking. Secondly, these 

two types of thinking are specifically emphasized in the context of assessment (see the second 

MOE quote above). 

 The connection between creativity and critical thinking is also present in some 

parts of Hong Kong’s curriculum: an overall aim of the subject is to “develop in students […] 

the ability to think critically and creatively” (Education Bureau, 2007, p. 2). They are also 

mentioned together as two (out of nine) generic skills, which are “essential for enabling learners 

to learn how to learn,” and “serve as a means to develop the acquisition and mastery of 

mathematical knowledge and concepts” (p. 9). In other words, creativity and critical thinking 

are recognized as having a metacognitive function in the learning of mathematics. Unlike 

Singapore’s curriculum, then, creative thinking is here particularly stressed in the context of 

metacognitive skills rather than assessment.  

Another dissimilarity is the tone of the contexts where creativity is referenced. In 

Hong Kong’s rationale for the mathematics subject, for example, it is stated that “mathematics 

is an intellectual endeavor through which students can develop their imagination, initiative, 

creativity and flexibility of mind, as well as their ability to appreciate the beauty of nature” (p. 

2). Notice the word choices here: while “initiative” might have hard-boiled connotations similar 

to “assessment,” there are soft undertones in the words “imagination,” “creativity,” 

“flexibility,” and perhaps especially in “the ability to appreciate the beauty of nature.” 

According to this interpretation, creativity is put in more playful context in Hong Kong’s 

curriculum compared to that of Singapore, which instead poses a more results-driven setting. 

Sweden’s curriculum also places creativity against a fairly soft backdrop. 

According to the aim of the subject, for instance, “[teaching] should provide students with 

challenges, as well as experience in the logic, generalisability, creative qualities and 

multifaceted nature of mathematics” (Skolverket, 2011a, p. 1). Apart from the vague latter part 

of the sentence here, the verb “provide” also puts a mild tinge to the context. The reason for 

this is that it hints toward a passive consumption of knowledge: “provide” implies that the 

opportunities to learn the “creative qualities […] of mathematics” should be supplied by the 

teacher – not actively pursued by the students.  

This can be compared to Norway’s curriculum, where similar opportunities are 

presented in the form of “explorative, playful, creative and problem-solving activities” 

(Utdanningsdirektoratet, 2013a, p. 2). While maintaining the same soft atmosphere, then 

(through words such as “explorative” and “playful”), the Norwegian vocabulary avoids the 

connection between creativity and knowledge which is received as opposed to being pursued; 

instead, the curriculum states that students learn creativity through activities. Creativity is thus 

presented as something which students must make an effort to learn.
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Discussion and Conclusions 
Here, the results of the study will be discussed, followed by an evaluation of the definition of 

creativity that was coined in the Background section, a review of the limitations of the study, 

and ideas for further research. Lastly, the study will be summarized and some concluding 

remarks will be given.  

Discussion of Prominent National Features 
This section discusses the prominent features of each national curriculum, starting with that of 

Singapore and continuing with Hong Kong’s, Sweden’s and Norway’s curricula in succession. 

In particular, the discussion speculates in potential reasons and explanations behind these 

features. 

Singapore 
Singapore’s curriculum, according to the content analysis, includes both many and varied 

references to creativity. Couple this with the fact that Singaporean students excelled in PISA’s 

study on creative problem solving, and it seems like creativity constitutes a strength of the 

Singaporean educational system. Why is this?   

One explanation could be related to the small geographical size of the country. 

Because of the scarcity of natural resources, the main contributors to the Singaporean economy 

are human-based sectors like banking and research & development; in fact, the government-run 

Economic Development Board advertises the nation as a “knowledge-based economy” (EDB, 

2016). Consider then that the best way to refine knowledge – and thus the economy – is 

education, and it makes much sense financially for the Singaporean government to emphasize 

education. If the importance of creativity rises as studies become more advanced, as the 

discourse analysis suggests, an economy which finds its foundation on education would 

naturally also strive to encourage creativity in its national curriculum. To summarize: because 

natural resources are few, humans are more important to the economy; since humans are more 

important, education is key; and if education is key, creativity is also central.  

The importance of creativity for the Singaporean economy could also explain why 

the curriculum prefers the word “inventively” over “creatively” or even “innovatively.” Doing 

something “inventively”, if using its exact meaning, requires that something to be done in a 

way which has never been done before by anyone. Some kind of product is produced – an 

invention – which is completely new to mankind: the word has connotations to big C. Using 

the words “creatively” or “innovatively”, on the other hand, could also refer to little C, i.e. small 

creations or innovations that are new to an individual or a small group, but not necessarily to 

the whole world. By selecting “inventively” rather than its alternatives, the Singaporean 

curriculum thus emphasizes big C. This idea is also supported by the great number of references 

to generation of ideas found in the content analysis. In the end, an invention would obviously 

pay off better economically than a mere innovation, and that could be a reason for the word 

choice. 

 Singapore’s curriculum also highlights creativity particularly in the context of 

assessment. Not only does the content analysis reveal an above-average prominence of 

references to assessment by students (e.g. evaluation of solutions), the discourse analysis also 

shows that creativity is mentioned explicitly in the context of assessment of students.  Moreover, 

creativity is coupled with critical thinking, which is a more general form of assessment since it 

deals with evaluation of truth in information. Remember then that “Thinking Schools, Learning 

Nation”, the policy which the Singaporean curriculum is founded on, aimed to veer away from 
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“the heavy emphasis on testing” found in previous curricula (Saravanan, 2005, p. 97; see 

Background). The connection, then, is either a failed attempt to accomplish this goal, or a 

conscious effort to contrast assessment and creativity.  

Moreover, the connection between assessment and creativity supports the above 

reasoning in suggesting a utilitarian view which emphasizes the usefulness of creativity over 

other appreciable qualities such as beauty or fun, since assessment is a must more so than an 

optional pleasure of mind. Creativity virtually turns into a requirement in a knowledge-based 

economy, and this is reflected in Singapore’s curriculum.  

Hong Kong 
In contrast, the results of the discourse analysis indicate that Hong Kong’s curriculum proposes 

a more playful way of thinking about creativity than that of Singapore’s, instead associating 

creativity with concepts such as beauty and imagination. Moreover, the content analysis also 

showed that – unlike the other three curricula – Hong Kong’s curriculum references student 

imagination and originality more often than the other categories in the analysis tool. A theory 

behind these features, explained below, might be that Hong Kong strives harder to differentiate 

itself from mainland China than does its geographically and culturally more distanced cousin 

Singapore. 

When Hui and Lau (2010) compared educational policy documents from different 

Chinese societies in regards to creativity, they found that mainland China – like Singapore in 

this study – took a rather utilitarian perspective on creativity, focusing particularly on its 

practicality for scientific and technological innovation. Moreover, it has been proposed that 

creativity frequently clashes with the traditional Confucian values that form the backbone of 

Chinese society (Kim, 2007). Hong Kong, a community which has often been in political 

conflict with mainland China (especially in recent years), might be expected to make an effort 

into differentiating itself culturally from these values, and a focus on the playful aspect of 

creativity is one way of accomplishing that goal. Singapore does not have the same tense 

relationship with China, and furthermore Singapore is also more diversified ethnically and 

culturally: 75% of the Singaporean population is ethnically Chinese, while the equivalent 

number in Hong Kong is 95% (Hui & Lau, 2010). 

A break from the practices and traditions of mainland China could also be a 

contributing factor toward the other noticeable features of Hong Kong’s curriculum. Notice in 

the results of the content analysis, for example, the relative lack of references to generation of 

ideas and development of new knowledge/practices, the indicators most closely related to 

scientific and technological innovation. The results also revealed a relative emphasis on 

divergent thinking (the indicator is labeled divergent and convergent thinking, but in fact all 

references were to divergent thinking) and metacognitive abilities, both encouraging 

individualistic thinking and learning, and both running contrary to the idea of conformity which 

is often associated with Chinese culture.  

Sweden 
The results of the discourse analysis show that, at least linguistically, the responsibility for the 

learning of creativity in Swedish mathematics education is placed on the teacher rather than the 

students. In the English translation of the Swedish curriculum, “teaching” corresponds to the 

word undervisning (Skolverket, 2011b), which admittedly does not have as strong connotations 

to teacher-centered learning as does “teaching,” but nevertheless provides a similar impression. 

Moreover, the results also show that inferences to teacher-centered learning of creativity can be 

found in several other features of the curriculum. Giving teachers responsibility for the learning 
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of their students is certainly not unusual or even controversial, yet this notion can still be 

problematized in the context of creativity.  

For example, Palm, Boesen, and Lithner (2011) demonstrate that the Swedish 

national tests require creative mathematically founded reasoning (CMR) much more frequently 

than teacher-made assessment. In other words, there is a big discrepancy between what kind of 

reasoning Skolverket (the National Agency for Education) gauges and the reasoning that 

Swedish teachers test in the everyday learning of their students. Presumably, what is tested is 

also what is deemed as useful or otherwise important within the subject. If there is such a 

misalignment in these ideals between teachers and Skolverket, then, choosing to emphasize the 

teacher’s role in the learning of creativity in the curriculum could indeed prove to be 

problematic from Skolverket’s point of view, since there is a risk that their educational goals 

will not be reached. Two possible solutions present themselves: either the teachers’ 

responsibility for creativity should be diminished (and potentially relocated to students, as in 

many of the other studied national curricula), or efforts should be made to raise the value of 

creativity in teachers’ eyes to the level of Skolverket’s. Although the latter might be preferable, 

it is also more difficult. 

Norway 
As seen in the results of the content analysis, Norway displays a wide and diverse range of 

references to creativity in its curriculum. For having a curriculum of such creative caliber, then, 

one might question why the students of the nation only performed adequately in PISA’s study 

on creative problem solving. However, remember that the version of the curriculum that was 

studied here was published in 2013, i.e. after PISA’s study. Moreover, as the discourse analysis 

revealed, the importance of creativity is greater in the more advanced Norwegian high school 

courses than the basic ones, and this observation may provide another piece of the puzzle. PISA, 

after all, evaluates 9th-graders, i.e. students who still have around three years’ worth of studies 

left before becoming eligible for tertiary studies. Extrapolating, it might then be speculated that 

creativity is and has historically been of even smaller relative value in the 9th grade and the 

preceding grades than it is in the introductory courses of the Norwegian high school. Norway’s 

PISA results might then be particularly misleading for this study, which examines curriculum 

in a high-school context. 

 In the study by Edwards et al. (2006) on academics’ perceptions of creativity in 

higher education, the researchers found a similar trajectory in how the importance of creativity 

importance was perceived: allowing for creative space was recognized as more important in the 

design of final-year courses than of first-year ones. If creative elements were to be incorporated 

in the education, the academics felt, the autonomy of the students had to be developed first. 

Creative activities, after all, often involve a certain degree of freedom, and if students do not 

know how to use that freedom productively, there is a tangible risk that the activities end in 

pedagogical failure. Now, the same train of thought can be applied also to high-school 

education: students can be expected to be more autonomous in advanced high-school courses, 

and that might be the reason for the escalation of creative importance seen in the upper 

Norwegian mathematics curriculum. 

Evaluation of the Tentative Definition of Creativity 
The tentative definition of creativity that was coined for the purposes of this study was the 

following: “creativity is the characteristics of people, processes, and environments which lead 

to new and original products that are useful or otherwise attractive to an individual or a society.” 
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This definition was underpinned by Rhodes (1961) Four P’s of Creativity framework as well as 

other academics’ theories on creativity.  

In general, the definition has served the study well, save for two exceptions: 

firstly, creative environments were not very well reflected in the analytical tool that was used, 

and, secondly, curricula typically indicate what is useful or otherwise attractive to a society but 

not an individual. In spite of this, the definition is argued to be suitable also for other studies, 

since it is broad yet also limited. In particular, it incorporates the subjective nature of creativity, 

i.e. what is creative to one individual or society may not be considered creative by another. This 

aspect is lost in many other definitions. Moreover, rather than splitting apart the four branches 

of creativity outlined by Rhodes or only focusing on one, this definition connects them, which 

again is seldom seen in other ways of defining creativity. 

Limitations 
One major limitation of this study is the fact that the curricula were reviewed and coded by only 

one researcher. To increase validity as well as reliability, it would have been preferable to 

include several researchers in the process, and let the consensus between these different parties 

constitute the results of the study.  

 Two other limitations concern the nature of curricula. Firstly, curricula are 

prescriptive rather than descriptive, and thus there is some lack of certainty in whether or not 

there is alignment between what is written in curricula and what is actually learned in school. 

That is, the intended curriculum and the attained curriculum are not necessarily the same. 

Secondly, curricular changes can take several years before taking root in an educational 

institution, as neither teachers nor students will be able to adapt instantly to new guidelines. 

Singapore’s curriculum, for example, took effect in 2015, and it could be questioned whether 

or not it has had enough time to influence the nation’s education in any significant way. 

Nevertheless, even if this was the case, this study assumes that the curricula studied will have 

an effect eventually. 

 A fourth limitation is the analysis tool used for the content analysis. After all, the 

tool was originally developed for subject benchmark statements at university level rather than 

for high-school education. Even within the spectrum of creativity, these two stages of education 

likely call for different types of knowledge, and thus the use of this analysis tool in a high-

school context can be suspected to have caused mismatches in coding. For example, the fact 

that several indicators were not referenced even once may have been a result of this issue. As 

discussed in the Method section, the tool also fails to fully incorporate the Creative Press/Place, 

and thus does not match the definition used in the current study completely.  

 Fifthly, one could also question the basis onto which the valuation part of the 

discourse analysis was conducted. As outlined in the Method section, this segment of the 

analysis relied on two unproven and purely theoretical assumptions regarding value: 1) 

mathematics is valued highly in mathematics curricula, and 2) the value of a tool is limited by 

the results that it can produce. The logic behind these suppositions was evidently found sound 

in the present study; nevertheless, the point still stands that they are mere assumptions, and thus 

constitute a somewhat unstable foundation. 

Ideas for Further Research 
As mentioned above, PISA studies the performance of 9th-graders, and thus its results do not 

truly reflect curriculum design pertaining to high-school education as understood in this study. 

An idea for further research is therefore to evaluate (and compare) creative abilities in 

mathematics also in students attending high school. In particular, it might be of interest to study 
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whether there is a larger-than-usual discrepancy between the creative abilities of Norwegian 

9th-graders and VG3 students, given the increasing emphasis put on creativity in Norway’s 

curricula. And, linked to this, is creativity really more important or useful in higher education?  

 Another strand of ideas for future research relates to whether or not there is 

correlation between the emphasis put on creativity in mathematics curricula and students’ 

academic results. Do students improve, stay unaffected, or perhaps worsen, the more emphasis 

is put on creativity in the curriculum? Moreover, which parts of the subject content – if any – 

then suit creative activities best (geometry, algebra, etc.)? Or is creativity most effective as an 

ever-present element in the learning of mathematics? 

Conclusions 
The aim of this study was to compare how creativity, as understood in this study, is framed in 

different national high-school mathematics curricula. Content and discourse analysis was 

carried out on the curricula of Singapore, Hong Kong, Sweden, and Norway in order to answer 

three research questions: how is creativity 1) handled, and 2) valued in high-school mathematics 

curricula, and 3) what role does creativity play in such curricula?  

 The results suggest several national differences. Singapore’s curriculum mentions 

creativity the most, and often does so in a results-driven context. Hong Kong’s curriculum 

instead contains comparatively few (though varied) references, which, overall, suggest a more 

playful view on creativity. Sweden’s curriculum similarly alludes to creativity relatively 

infrequently, but does not show the same variety. A noticeable trait in Sweden’s curriculum is 

also the teacher-centered rhetoric in connection to creativity. Lastly, Norway’s curriculum 

features an arsenal of references to creativity comparable in number, variety, and progression 

over time to Singapore’s curriculum, but does not show the same focus on assessment and 

results in relation to creativity. 

 The value of creativity relative the subject of mathematics, however, is fairly 

similar across the board, though in slightly different ways. Even though there are indications 

that Singapore, Hong Kong, and Sweden’s curricula all view the two as equally important, the 

two Asian curricula conceive them as mutually beneficial, while Sweden’s curriculum rather 

seems to regard them as two separate goals, neither influencing the other. In Norway’s 

curriculum, finally, creativity first takes on the role of a means toward an end in relation to 

mathematical knowledge, but in the more advanced courses the relationship reverses, and 

creativity instead becomes a goal of the mathematics education. The value of creativity relative 

the subject of mathematics thus increases as courses approach tertiary education. 

 A recommendation to Skolverket based on this study would be twofold: firstly, 

diversify the emphasis on creativity in the curriculum. Students do not all learn in the same 

way, and highlighting creativity in different aspects of their education thus increases the 

likelihood that they will all have the opportunity to learn how to do mathematics creatively. 

Secondly, make efforts into ensuring alignment between what teachers value and what 

Skolverket values in terms of creativity. In the current curriculum, a big responsibility for 

developing creativity in students is placed onto teachers. However, studies show that Swedish 

teachers do not stress creativity to the same extent as Skolverket. Although there are plenty of 

potential solutions to this problem, one that might be particularly fruitful would perhaps be to 

let the producers of the national tests publicly share some guidelines regarding how to construct 

mathematics problems which encourage creative thinking. This would help teachers in 

developing creativity in their students.  
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