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Summary/Sammanfattning  

Creativity is an ever relevant concept in problem-solving. Indeed, one could argue that no problem is really 

problematic unless it requires creative thinking; such problems can be solved by simply applying known 

facts and employing suitable algorithms. Yet, that is exactly how many tasks in mathematics textbooks are 

structured today. The present study aims to find other tasks, which can infuse creativity in the mathematics 

classroom. Special attention is turned towards a class of tasks known as open-ended tasks because of their 

creative potential. A literature review spanning 70 sources yields 17 types of open-ended tasks, and these 

are subsequently exemplified, classified, analyzed, and discussed from a teacher’s perspective. 

 

(Sv: Kreativitet är ett begrepp som ständigt är relevant i problemlösning. Man skulle till och med kunna 

hävda att ett problem egentligen inte är problematisk såvida det inte kräver kreativt tänkande; sådana 

problem kan ju annars enkelt lösas genom att applicera kända fakta och använda lämpliga algoritmer. Ändå 

är det precis så som många uppgifter är strukturerade i dagens matematikläroböcker. Den här uppsatsen 

syftar till att hitta andra sorters uppgifter som därmed skulle kunna ingjuta kreativitet i 

matematikklassrummet. Särskild uppmärksamhet riktas mot en viss klass av uppgifter – öppna uppgifter – 

på grund av deras kreativa potential. En litteraturgenomgång av 70 källor alstrar 17 typer av öppna 

uppgifter, och dessa exemplifieras, klassificeras, analyseras, och diskuteras sedan utifrån ett lärarperspektiv.) 
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1. Introduction and Motivation 
Creativity is what drives mankind to surpass routine and transcend the status quo. On a large scale, it means 

innovation in technology, quality in culture, profit in business, rejuvenation in research – essentially 

progress in society as a whole (Runco, 2004; Collard & Looney, 2014; Leikin & Pitta-Pantazi, 2013). But 

it is also an invaluable instrument for the individual in the struggles of daily life: creativity gives us more 

and better alternatives to every decision we take.  

Especially in mathematics, the digital revolution has skewed society in such a way that human 

creativity has grown in relative importance. While computers definitely outperform humans in sheer 

algorithmic muscle power, “the ability of good mathematicians to sense the significant and to avoid undue 

repetition seems, however, hard to computerize; without it, the computer has to pursue millions of fruitless 

paths avoided by experienced human mathematicians” (Birkhoff in Sriraman, 2009). Sriraman explains that 

according to Poincaré, who already studied creativity scientifically in 1948, this ability is the very definition 

of mathematical creativity. Much as a consequence of the digital revolution, then, many professional 

mathematicians maintain that for today’s advanced mathematics, creativity is a requirement more so than 

an additional benefit (Ervynck, 1991; Sriraman, 2009). Any education aiming to prepare students for a 

future in mathematics or in mathematics-intensive lines of work must therefore ensure that enhanced 

creativity is a primary objective.  

Nevertheless, Mann (2006) argues that many mathematically gifted students never aspire to work 

in such positions because they deem themselves lacking in creativity. If true, society has failed not only 

these individuals but also itself. So, how can the mathematics classroom be made more creative? 

Researchers turn their attention towards tasks with open-ended qualities: tasks that have either multiple 

effective ways to approach the problem or multiple correct solutions, or both (Mann, 2006; Kwon et al., 

2006; Nadjafikhah et al., 2012; Silver et al., 1990). Open-ended tasks have some appealing creative 

characteristics that those with closed ends miss. This train of thought form the objective motivation for the 

present study, where the different strands of open-ended tasks will be explored and analyzed.  

As for the subjective motivation, the author is a mathematics teacher in training, so all 

advancements in mathematics education are in his interests. Moreover, he has always admired people who 

improvise well, which is a skill tightly linked to creativity and thinking outside the box. Lastly, open-ended 

tasks tend to be particularly enjoyable for problem-solvers. 

2. Background 
Creativity as a concept will now be discussed in order to acquaint the reader with the ideas that are and 

have been the most prominent in the academic field. The discussion will be structured primarily with the 

help of a framework known as the four P’s of creativity, and will examine creativity both in more general 

terms and in relation to mathematics. Background to open-ended tasks and their use will then follow, aiming 

to give the reader some insight into the connection between such tasks and creativity. 

2.1. What is Creativity? 
Creativity is a slippery concept. It lacks a universally accepted definition (Mann, 2006; Collard & Looney, 

2014), yet many people would argue that they know its meaning perfectly well. Ironically, however, in a 

way this dilemma does an excellent job of encapsulating what creativity is all about: original thought and 

divergence from the norm. Numerous scholars maintain that although originality may not sufficiently 

describe all aspects of creativity, it is certainly at the heart of it (Leikin & Lev, 2013; Runco, 2004). As for 

the second part, using divergent thinking to describe creativity goes all the way back to Guilford’s research 

on intellect theory in the 1950s (Peng et al., 2013), which is regarded as the beginning of the scientific study 

of creativity (Runco 2004). Guilford defined creativity as “an act of pursuing diversity in solving a problem 

without one fixed answer or thinking in a different perspective” (Kwon et al., 2006, p. 53). Similarly to 

originality, however, divergent thought does not summarize creativity in its entirety (Peng et al., 2013). In 
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fact, Van Harpen and Sriraman (2013) point out that some scholars in psychology consider convergent 

thinking – its opposite – to be associated with creativity. 

 Of course, creativity is not limited to processes, such as divergent and convergent thinking. An 

often-cited model adds three further facets to form the four P’s of creativity: process, person, product, and 

press/place (Chiu, 2007; Runco, 2004; Miller, 2012). Here, process is the intricacies of the creative 

procedure, person signifies the characteristics of creative people, and product describes the same but for 

creative products. The fourth P, finally, has many names, but they all refer to how creativity is affected by 

the environment. Press in this context refers to pressure and not the media (Runco, 2004), though, 

confusingly, the media is of course a type of pressure.  

2.1.1. The Creative Process 

The traditional way of describing creative problem-solving processes has been through variations of 

Wallas’ Gestalt model, which consists of four stages: preparation, incubation, illumination, and 

verification. Preparation involves familiarizing oneself with the problem, recognizing what restrictions 

there are, which avenues may lead to solutions, and, importantly, attempting to solving it but failing. The 

more time and effort put into overcoming such an impasse, the easier the next stages tend to be (Sio & 

Ormerod, 2009; Jonsson et al., 2014). This is likely a result of the Zeigarnik effect, which asserts that we 

better remember that which we have struggled with but never finished (Sio & Ormerod, 2009). Eventually 

the problem solver leaves the problem be, and thus enters the next stage: incubation. In this stage, attention 

is shifted away from the problem during a period of time. Surprisingly often, a solution then suddenly 

surfaces. This illumination stage is also known as the aha or eureka moment. As the fourth and final stage, 

what remains is to put the solution into words and verify it. 

Out of the four, the middle two stages of Wallas’ model are what really capture the creative essence 

(Sriraman et al., 2013), and consequently they have garnered by far the greatest interest in the literature. In 

their meta-analysis on incubation, Sio and Ormerod (2009) contrasted two strands of theories. The 

conscious-work hypotheses contend that illumination is reached either by working intermittently on the 

original problem while doing other things, or by trying again after having recovered from a supposed mental 

fatigue that the impasse caused. Unconscious-work hypotheses, on the other hand, argue that incubation 

lets the mind explore the problem unconsciously. The effect is either that previously ignored knowledge is 

revisited, or that inappropriate solution ideas and problem structures are forgotten. Looking at the results 

of the study, not only was the existence of a positive incubation effect verified, the two unconscious-work 

hypotheses also received support. 

Both of the unconscious-work hypotheses are connected to the phenomenon of fixation. Haylock 

(1997) highlights two types. People suffering from content-universe fixation put unnecessary restrictions 

on their own problem-solving, for example by not considering the combination 0 and 12 when trying to 

find two numbers with sum 12 and difference 12. Perhaps they do not consider zero a number, or perhaps 

they believe that the two numbers must be strictly between zero and twelve. Both situations represent an 

unwarranted self-imposed constraint on the solving process. The second kind, algorithmic fixation, means 

that the problem solver sticks to an algorithm that has worked on similar previous problems, despite the 

fact that there exists a better way to obtain the solution. An example of this is when someone uses the 

quadratic formula to solve 2𝑥2 − 18 = 0 solely because that is how they normally solve quadratic 

equations. Evidently, breaking free from content-universe or algorithmic fixation can thus be described as 

(a) revisiting previously ignored knowledge (“a quadratic equation may be solvable without the quadratic 

formula”), or (b) “forgetting” inappropriate solution ideas and problem structures (“quadratic equations 

must be solved using the quadratic formula”) – the two unconscious-work hypotheses of incubation. 

Haylock therefore claims that “overcoming of fixation” is “one of the key cognitive processes in creative 

problem-solving in mathematics” (p. 69). 
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The concept of fixation can be compared to the latter of Lithner’s (2008) two categories of imitative 

reasoning: memorized reasoning (MR) and algorithmic reasoning (AR). While MR simply means to learn 

a complete solution by heart (typically without actually understanding it), AR is more complex in that it 

consists of three subtypes. Lithner’s example of a familiar AR approach is the Keyword strategy described 

by Hegarty et al. (1995), where students have linked a given algorithm to certain keywords (e.g. using the 

Pythagorean Theorem when a problem mentions “right angles”) and then use that algorithm for all problems 

containing the keywords, regardless of whether or not it is appropriate. The familiarity with the keywords 

nurtures algorithmic fixation. Delimiting AR is, in essence, content-universe fixation: a couple of strategies 

that on the surface seem relevant to the problem are attempted until the user finds an answer that conforms 

to the expectations on a strategy’s outcome. If, for example, solving a quadratic equation leads to a double 

root, that solution and algorithm is discarded, since quadratic equations “should” have two (distinct) roots. 

The possibility of a situation where the roots are equal does not exist in the problem solver’s universe, and 

so another algorithm takes the first one’s place. Finally, guided AR involves finding something that seems 

related to the problem superficially, implementing the corresponding algorithm on the problem, and then 

accepting the answer without reflection. “Guided” in this case refers to how an authoritative source 

(textbook, teacher, etc.) guides the problem solver into choosing a relevant algorithm, which of course 

reduces the problem-solving to merely going through the motions: an algorithm is inherently “designed to 

avoid meaning” (Brosseau in Lithner, 2008, p. 262). As an alternative to this intentionally flawed imitative 

reasoning, Lithner proposed creative mathematically founded reasoning (CMR). Using CMR requires the 

creation of “a new (to the reasoner) reasoning sequence” (p. 266) built on plausible mathematical 

arguments. The reasoner has a motivation behind the choice of algorithm and the answer it produces.  

In a similar vein to Lithner (2008), Erynck (1991) distinguished creative thinking from two other 

stages of thinking: The preliminary technical stage (stage 0) involves the application of simple procedures 

or established rules and theorems without knowing exactly why they work, taking their truth for granted. 

The stage of algorithmic activity (stage 1) is only slightly more complex in that it entails utilization of 

common algorithms consisting of combinations of the foundational elements described above, such as 

Gaussian elimination or finding the zeros of a quadratic polynomial. Finally, the creative stage (stage 2) 

contains non-algorithmic decision making, for example choosing which algorithm best fits a given problem, 

or deciding how to represent a real-life situation in mathematical terms. This is reminiscent of Poincaré’s 

definition of mathematical creativity, which is one of the oldest in the literature (see 1. Introduction and 

Motivation). 

Unsurprisingly, Jonsson et al. (2014) found that learning emphasizing CMR outperformed AR-type 

learning in terms of memory retrieval and knowledge construction. What is perhaps more surprising, 

however, is that low-ability students gained more out of the switch to CMR than did high-ability students; 

traditionally, creativity is often associated with giftedness (Miller, 2012; Runco, 2004), and thus high-

ability students. 

2.1.2. The Creative Person 

One interpretation of the results Jonsson et al. (2014) found is that creativity makes up a significant portion 

of what constitutes the difference between low- and high-achieving people. Indeed, there is an established 

relationship between giftedness and creativity (Leikin & Lev, 2013; Sriraman et al., 2013; Kattou et al., 

2013). For example, in Ma’s (2009) meta-analysis of variables associated with creativity, prestige of honor 

or academic awards stood out as the variable with the largest effect on creativity, with a mean effect size 

of 1.39. Considering that an effect size of 0.8 and above is deemed as large by Cohen’s (1988) guidelines, 

this result seems very convincing. There is even some uncertainty as to whether or not creativity is actually 

a distinct construct from giftedness (Leikin & Pitta-Pantazi, 2013; Leikin & Lev, 2013; Kattou et al., 2013; 
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Miller, 2012; Sriraman, 2005). Case in point is Miller’s (2012) review of seven models of giftedness that 

all involve creativity in one way or another. 

Haylock (1997) nevertheless argues that high-attaining people are not necessarily creative. He 

suggests that mathematical attainment “limits the pupil’s performance” on creative mathematical tasks, but 

does not “determine it” (p. 73, Haylock’s emphasis). The reason, he mentions, is that low-attaining people 

lack the range of mathematical knowledge necessary to showcase their creativity. Perhaps this could be 

compared to poetry: if a poet only had access to half of the words in his vocabulary, it would be more 

difficult for him to display his skill than otherwise. The reasoning is reminiscent of the threshold theory, 

which holds that creativity requires a certain level of intelligence (not attainment) to flourish. However, 

Runco (2004) states that it only works for some measures of creativity. Perhaps this is a result of Ma’s 

(2009) finding that IQ only has a mean effect size of roughly 0.3 on creativity, while attainment, as 

mentioned, tops the chart. The consequent conclusion is that the important part of giftedness in regards to 

creativity seem to be the large knowledge base rather than a superior intelligence. 

In turn, this insight can help to explain the shift away from the “genius” perspective of creativity 

prevalent during the 20th century (Silver, 1997; Collard & Looney, 2014) to the broader relative view of 

creativity that is popular today. The relative view of creativity is normally represented via the four C model 

developed by Beghetto and Kaufmann (2009), though most scholars tend to focus on just two of the C’s: 

big C, which represents the “genius” perspective and thus the pioneers in cutting-edge research and 

innovation; and little C, which instead focuses on the everyday creativity found in regular people. Especially 

before the relative view of creativity took hold, case studies of creators with qualities widely perceived as 

extraordinary were a common approach to investigate creativity – Runco (2004) lists Shakespeare and 

Einstein among more than 30 others – despite their innately low generalizability. Chamberlin and Moon 

(2005) refer to Fishkin in their criticism that the then current definitions of creativity were “only relevant 

to adults who are operating on the frontiers of an established domain after years of training and preparation” 

(p. 38). These issues contributed to the promotion of little-C creativity and thus unshackled the field, 

granting its studies access to previously untapped sources such as the fertile education scene (Runco, 2004; 

Levenson, 2013). 

One such study asked an experienced teacher to describe her creative students (Sak, 2004). She 

portrayed them as original and expressive, and revealed that this particular combination of characteristics 

sometimes caused a problem, since it could lead to nonconformity to common social conventions such as 

raising your hand to ask a question. Indeed, creative people walk a thin line between madman and genius. 

In fact, a meta-analysis of 32 studies found that the relationship effect size between psychoticism (defined 

by Eysenck in Acar and Runco (2012, p. 341) as “a dispositional variable or trait predisposing people to 

functional psychotic disorders of all types“) and creativity can be as large as 0.5 (Acar & Runco, 2012). 

According to Runco (2004), one explanation behind this is that psychotic individuals and creative people 

both lean towards thinking overinclusively, which undeniably gives you a unique perspective but may also 

produce surreal thoughts. This is consistent with Ma’s (2009) study, which showed that psychopathological 

people scored higher on divergent thinking assessments but lower when tested on problem solving. Other 

correlates of a negative nature that Runco mentions are alcoholism, suicide, stress, and rebellion.  

Nonetheless, most studied correlates to creativity are positive. Excluding characteristics already 

mentioned, it has also been associated with intrinsic motivation (Peng et al., 2013), openness, curiosity, 

ability to tolerate ambiguity, effort and persistence, critical thinking, self-efficacy, willingness to take 

intellectual risks, intense focus (Collard & Looney, 2014), empathy, nonalexithymia (defined in Ma (2009, 

p. 38) as the “ability to identify and describe one’s own emotional feelings”), leadership, openness, humor 

(Ma, 2009), aesthetic interest, attraction to complexity, autonomy, intuition, self-confidence, self-

actualization, longevity, and flexibility. One of the more surprising discoveries is that moral leaders tend to 

be highly creative, despite the fact that morality in many ways rely on obedience to norms (Runco, 2004). 
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2.1.3. The Creative Product 

Of course, many of the terms used to characterize creative people can also be used to define creative 

products. Sometimes it may actually be difficult to pinpoint which of the two is being described: if an artist 

paints a beautiful painting, is it the person or the product that is creative? (Not to mention the process or 

the environment!) However, while a creative person does not guarantee a creative product (Collard & 

Looney, 2014), the converse is at least arguable, since expressing one’s creativity necessarily results in a 

product of some kind, whether it be a gorgeous painting or something as trivial as a choice of condiments 

for a sandwich. Combined with the fact that creative products tend to be more palpable than personalities, 

one would therefore think that they should receive more attention in creativity research. Yet, there is a 

noticeable lack of “clear reference standards” to assess their quality (p. 351), which is especially strange 

considering that the conventional way to study creative products is to “determine the criteria“ for them to 

be “indicative of creative thinking having taken place” (Haylock, 1997, p. 69). A possible cause for this is 

the sentiment that creativity can only truly be appreciated in the light of subjectivity (Runco, 2004). 

The reference standard that most studies nevertheless tend to default to is the Torrance tests of 

creative thinking (Silver, 1997; Runco, 2004; Ma, 2009; Sriraman et al., 2013), though even those are laden 

with criticism (Leikin & Pitta-Pantazi, 2013; Peng et al., 2013; Sriraman, 2009). Peng et al. (2013) reference 

Runco and Akuda in an attempt to defend the tests, claiming that they are “reliable and predictive of some 

expressions of real-world creativity” (p. 542). Moreover, the psychometric character of the tests allows for 

quick and simple measures of creativity: fluency is the raw number of solutions to a problem, flexibility is 

the number of different types of solutions, and originality/novelty is the “statistical infrequency of the 

responses in relation to the peer group” (Haylock, 1997, p. 71). Note here that although the tests are said to 

assess creative thinking and intended to detect creative persons, what they really measure are attributes of 

creative products – typically solutions to problems. Again, the different facets of creativity are often 

intertwined.  

Throughout the years, various other parameters have been incorporated into the assessment model 

of the tests in order to cover some of its loopholes. Torrance himself proposed elaboration (Runco, 2004; 

Peng et al., 2013; Ma, 2009, Sriraman, 2009), which counteracts the cases where a solution is submitted 

without being understood. Adding appropriateness or correctness (Haylock, 1997; Runco, 2004, Leikin & 

Lev, 2013) neutralizes solutions that certainly are original, but also wrong – for example calculating the 

sum of the sides to find the area of a parallelogram. Alternatively, quality (Ma, 2009) aids 

originality/novelty in rewarding those who find a few highly creative solutions over those who “play the 

system” and spit out numerous low-effort responses. This motivation also underscores the problematic 

fluency category; some feel that it demonstrates productivity rather than creativity (Haylock, 1997; Runco, 

2004). 

The creativity of mathematical work in particular can also be evaluated through the help of 

Ervynck’s (1991) three stages of mathematical creativity (see 2.1.3. The Creative Process). The three stages 

fundamentally describe the creative process – and in many ways they mirror MR, AR, and CMR in 

Lithner’s (2008) model – but they also significantly ease the evaluation of mathematical products by 

limiting their creative potential to the non-algorithmic decision making. Evidence of creative non-

algorithmic decisions equal creative products. 

2.1.4. The Creative Press/Place 

Another reason behind the lack of clear assessment standards for creativity is that assessment tends to be 

difficult to combine with a relaxed and permissive environment, which is frequently thought of as being 

one of the absolute strongest predictors of creativity (Ma, 2009; Runco, 2004). Ironically, then, one may 

think that an important part of creative pressure is that there is no pressure; however, the reality is a bit 

more nuanced. Runco (2004) uses Murray’s helpful distinction between objective alpha pressures and 
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subjective beta pressures to explain this. For example, while competition is always an alpha pressure, 

whether or not it constitutes a beta pressure is dependent on the individual participants. Thus, competition 

can both facilitate (Ma, 2009) and inhibit (Peng et al., 2013) creativity. Stress and physical resources are 

other such equivocal variables.  

Furthermore, a focus on assessment typically breeds extrinsic motivation rather than the, in a 

creativity perspective, preferable opposite: intrinsic motivation (Peng et al., 2013; Mann, 2006; Lin & Cho, 

2011). But there is a disclaimer also here: formative assessment – to assess someone during their learning 

as a means to improve them – and ipsative assessment – to compare an individual’s results with their former 

ones – do not have this undesirable connection. It is only summative assessment – to evaluate performance 

in relation to a normative benchmark – that does (Collard & Looney, 2014). In the same vein, Peng et al. 

(2013) studied the effects of mastery versus performance classroom goal structures on creativity. Here, the 

former stimulates intrinsic motivation through emphasis on deep understanding of the subject, while the 

focus of the latter is on doing well on tests, which clearly promotes extrinsic motivation. Unsurprisingly, 

the study found that mastery goal structures were the best for developing creativity in students.  

Nevertheless, both summative assessment and performance goal structures have traditionally been 

dominant in school settings, which is particularly worrisome considering that the creativity field in 

academics hoisted “behaviors reflecting motivation” as the most crucial for creative achievement already 

in 1997 (Runco, 2004).  

According to Mann (2004), there is yet another fundamental conflict between creativity and 

assessment. In order for an exam question to be reliable, an answer should yield the same score regardless 

of who is grading it. Test-makers therefore try to make the questions fairly linear, since this allows them to 

create a good scoring template which ensures that every assessor will grade an answer the same way. 

However, “encouraging students to take risks and look for creative applications reintroduces variability in 

scoring that assessment teams are working to eliminate” (p. 244). Recall Ervynck’s reasoning that creativity 

is manifested through non-algorithmic choices. For every such choice, the amount of potential solutions 

multiplies, making it harder and harder to create a fair marking scheme. Evidently, test reliability and 

creativity are thus incompatible on a basic level.  

Naturally, environments encouraging personality traits that are correlated with creative behavior 

(see 2.1.2. The Creative Person) are themselves usually correlated with creativity (e.g. Mann, 2006; Ma, 

2009). Moreover, social interaction has also proved to be beneficial (Sriraman, 2009; Collard & Looney, 

2014; Ma, 2009; Nadjafikhah et al., 2012), as well as a supportive family (Mann, 2006; Runco, 2004). 

However, Lithner (2009) stresses the importance of adidactical learning situations for creativity and 

learning in general – students must be given opportunity to struggle on their own in order to practice non-

algorithmic decision making and to create their own solutions (Jonsson et al., 2014, Nadjafikhah et al., 

2012). On a similar note, teachers must also give their students opportunity to express and verbalize their 

creativity, for example by teaching terminology or by granting students access to different kinds of media 

and materials (Beghetto & Kaufman, 2009; Levenson, 2013; Sak, 2004). 

2.1.5. Confluence Theories 

In addition to all the ideas based on one of the four P’s of creativity (e.g. Haylock, 1997; Runco, 2004; 

Mann, 2004; Ervynck, 1991), there are also a few confluence theories, i.e. theories that synthesize ideas 

from multiple perspectives. Sriraman (2009) presents three. Csikszentmihalyi’s systems model, to begin 

with, portrays creativity as an intersection between domain, person, and field. The domain constitutes the 

epistemic background that makes novelty and thus creativity possible, i.e. all the current knowledge about 

a certain subject. By proposing a change or addition to the domain, the individual attempts to create 

something. However, it is only after the authorities of the domain accept it that it becomes a part of the 

domain and constitutes a creative act. The model shares many features with Ziegler’s actiotope model of 
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giftedness, which suggests that “talents and gifts are not personal attributes, but attributions made by 

scientists. These are based on our assumptions that a person is in the position to carry out specific actions 

in the future” (Ziegler, 2005, p. 4; Leikin & Pitta-Pantazi, 2013). Indeed, both Ziegler’s and Leikin and 

Pitta-Pantazi’s studies give the scientists in the field the role of gatekeepers, to use Sriraman’s (2009) term, 

though it is worth pointing out that all three relationships are bidirectional and as such every part can 

influence the others (Miller, 2012). 

The second confluence theory is Gruber and Wallace’s case study as an evolving system. In contrast 

to the systems model, it ignores the environmental aspects of creativity and instead focuses solely on the 

individual, its processes, and its products. The main claim is that every person constitutes “a unique 

evolving system of creativity and ideas; and, therefore, each individual’s creative work must be studied on 

its own” (Sriraman, 2009, 24). Naturally, this leads to case studies being the modus operandi (Miller, 2012), 

and Sriraman (2009) lists a few facets such a study could involve; the person’s beliefs, their problem 

solving, and a narrative of their accomplishments are three. 

Thirdly, the investment theory by Sternberg and Lubart compares creative people with investors. 

The reasoning is that creative people “buy” ideas that are universally ignored or undervalued, refine them, 

and then “sell” them after advertising them to others. Afterwards they move on to the next idea and repeat 

the process. The theory contends that those capable of doing this are affected by particularly favorable 

combinations of intelligence, knowledge, thinking styles, personality, motivation, and environment 

(Sriraman, 2009).  

2.1.6. Domain Specificity and Mathematical Creativity 

Although less so after the introduction of the four C model (see 2.1.2. The Creative Person), one of the most 

controversial areas of creativity research is the question of its domain specificity (Miller, 2012, Beghetto & 

Kaufman, 2009). Some argue that creative people in one domain will also be creative in another; others 

claim the opposite (Runco, 2004). In fact, Collard and Looney (2014) explain that there is a debate 

surrounding the transferability of creativity even between subdomains, such as poetry and short-story 

writing. While there certainly exists many examples of people who have been creative in multiple areas 

(Aristotle, Da Vinci, Descartes, etc.), “most contemporary creativity scholars align themselves with 

domain-specific positions or some form of a hybrid position” (Beghetto & Kaufman, 2009, p. 39). 

According to Silver (1997), the mathematics domain is in top contention of where creativity is 

evident most often. Despite this, mathematical creativity has garnered relatively little interest among 

researchers. For example, a study by Leikin found that not only were there very few studies regarding 

creativity in academic journals oriented towards mathematics education, articles about mathematical 

creativity were also scarce in the parts of psychology publications that focused on creativity (Leikin & Pitta-

Pantazi, 2013).  

Although mathematical creativity suffers from the same lack of definition as does creativity in 

general, an attempt has been made by Chamberlin and Moon (2005), who suggested that it is observed 

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

(p. 38).  However, Sriraman (2009) insists that any such definition depends on whether one views 

mathematics as an act of discovering or inventing. Compare this to Heinzen’s distinction between reactive 

and proactive perspectives of creativity (Runco, 2004). Interestingly, he finds that both are valid: creativity 

is reactive when adapting or when used to solve a problem, but proactive when being a catalyst to 

innovation. Consequently, a definition of mathematical creativity would have to reflect both discovery and 

invention.  

2.2. Open-ended Tasks 

Following Ervynck’s theory on creativity (see 2.1.3. The Creative Process), creativity is demonstrated 

through non-algorithmic choices. A situation allowing for such choices is described by Pehkonen (1997) as 
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open, in the sense that it allows for many effective ways forward. The opposite – when there is only one 

fruitful way – is closed. Pehkonen sees two potential locations in the solving of a typical mathematics task 

where this distinction can be made: the beginning and the end. This leads to the notion of an open-ended 

task, i.e. a task which is open either in the beginning or in the end (or both!). However, it should be noted 

that others also see the possibility of an open intermediary between the beginning and the end (Nohda, 

2000). For example, the following task by Leikin and Lev (2013) could be thought of as having a closed 

starting point, an open intermediary, and a closed end: 

Mali produces strawberry jam for several food shops. She uses big jars to deliver the jam to the 

shops. One time she distributed 80 liters of jam equally among the jars. She decided to save 4 jars 

and to distribute jam from these jars equally among the other jars. She realized that she had added 

exactly 1/4 of the previous amount to each of the jars. How many jars did she prepare at the start? 

(p. 186) 

Leikin and Lev report 10 different kinds of solutions to this task, ranging from models of the situation with 

a system of equations in two variables, diagrams, to strings of logical statements. They all end with the 

same answer but reach it in different ways. While this type of task does have creative potential, Nohda 

(2000) claims that this potential is rarely realized in schools; instead, students are typically instructed to 

find only one solution to the problem, which does not require nor practice creative thinking according to 

Ervynck’s framework. At the same time, a task with an open intermediary is also easily convertible to a 

task with an open end, for example by adding the line “Find as many solutions as possible!” in the problem 

description. Because of these reasons, researchers primarily consider open-ended tasks in the study of 

creativity in mathematics education. 

Furthermore, numerous studies have been dedicated to determining the effectiveness of open-ended 

tasks. Kwon et al. (2006), for example, found that a “program based on open-ended problems produced a 

significant difference in all three factors of divergent thinking – fluency, flexibility and originality” (p. 57). 

The highest effect size (1.1) was reported for originality, which is often argued to be the most important of 

the three with respect to creativity. Recall then that 0.8 and higher constitutes a large effect size according 

to Cohen’s (1988) guidelines. Perhaps most convincing, however, is a 6-year longitudinal study examining 

the open-ended approach in Japan; the strategy was affirmed as beneficial for spawning creative thinking 

(Mann, 2006). Further studies can be found in a compilation by Levav-Waynberg and Leikin (2012).  

3. Purpose and Research Questions 
The purpose of this study is to help mathematics teachers discover and understand techniques to infuse 

creativity in their students. While other studies have focused on the creative person, product, and press/place 

(see 2.1.2., 2.1.3., and 2.1.4., respectively), the present study is concerned with the creative process and 

especially with how creativity can be practiced in a mathematical context. As seen in section 2.2., although 

most tasks can promote creativity if used the right way, open-ended tasks have proven themselves to be 

particularly useful in that regard. At the same time, “open-ended” is quite a broad characteristic – two 

teachers may have completely different ideas of what the prototypical open-ended task is like. By splitting 

up the concept into subtypes, it is possible for teachers to understand and discuss the different tasks in more 

detail, compare them, and perhaps even discover facets of open-ended tasks that they had previously been 

unaware of. One such facet could be why and how these tasks cultivate creativity, a rationale that may not 

be the same for all open-ended tasks. Based on these thoughts, the study at hand will review the academic 

literature on creativity and mathematics education and attempt to answer the following research questions: 

 What types of open-ended tasks exist? 

 Why and how do these tasks cultivate creativity? 
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4. Method 
A literature review was conducted in order to answer the research questions. This chapter explains the 

reasoning behind choices made in the literature search and the subsequent analysis. 

4.1. Literature Search 

The literature search in the present study consisted of three phases. 

In the first phase, the goal was broad: find the authoritative literature on creativity in general and 

mathematical creativity in particular. The main tool used to accomplish this was Linköping University 

Library’s search engine UniSearch. It gives students at Linköping University full access to a vast collection 

of scholarly content, some which is normally set behind a paywall; moreover, it also allows its users to limit 

the scope of their searches by, for example, language, publication, and content provider. Six searches were 

conducted with increasing specificity, yielding a total of 26 saved results (table 1). No Swedish keywords 

were used despite the fact that the author’s first language is Swedish, since all relevant Swedish results have 

likely been published in English as well. The restrictors “Available at LiU” and “Scholarly (Peer Reviewed) 

Journals” were used in all searches to ensure that the resulting sources were obtainable and of high quality. 

To render a workable synthesis out of the immense amounts of results, only the abstracts of the 

first 50 in each search – the first page of results – were inspected more closely. The motivation for this is 

that any random 50 should form a reasonably representative sample of the hundreds of thousands of results, 

and whether these 50 are the first or the last (or somewhere in between) is of little consequence. If anything, 

the first 50 should theoretically be the best sample since UniSearch deemed them the most relevant. 

Reviewing the first batch of results rather than any other sample is also more convenient for the searcher. 

An alternative method would be to only consider searches with a workable amount of results; however, 

ignoring relevant sources because they lack certain keywords and thus only show up in more general 

searches would also be questionable.  

 

Search terms Restrictors Results Saved 

creativ* math* Available at LiU, Scholarly (Peer 

Reviewed) Journals 

395,092 4 

creativ* math* teach* Available at LiU, Scholarly (Peer 

Reviewed) Journals 

150,377 7 

creativ* math* edu* students Available at LiU, Scholarly (Peer 

Reviewed) Journals 

142,929 1 

mathematical creativity Available at LiU, Scholarly (Peer 

Reviewed) Journals 

43,502 3 

“divergent thinking” teach* math* Available at LiU, Scholarly (Peer 

Reviewed) Journals 

2,366 3 

“mathematical creativity” “divergent 

thinking” teach* 

Available at LiU, Scholarly (Peer 

Reviewed) Journals 

80 8 

  ∑ 26  

Table 1: The six initial searches. 

 

In addition to this, another six articles were discovered through examining a reading list for a course given 

at the University of Montana titled Mathematical Creativity: Theory and Research (Sriraman, 2013), as 

well as a list of references compiled by Roza Leikin of the International Group for Mathematical Creativity 

and Giftedness (Leikin, n.d.). The first phase thus yielded 32 results. 

The second phase consisted of scouring the reference lists of the previous results for further 

literature of interest – particularly sources which analyzed certain task types from a creativity perspective. 

The two search engines used to retrieve such literature were UniSearch and Google Scholar. However, in 
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cases where a wanted document could not be found in UniSearch nor accessed via Google Scholar, the 

Education Resources Information Center (ERIC) database was queried. When everything else failed, a 

regular Google search sometimes produced a result. In total, 32 additional sources were found in this phase.  

Out of the 64 results found in the first and second phase, three groups emerged. The first group of 

sources focused solely on theory around creativity and mathematical creativity, the second mostly on 

different types of creative tasks, and the third on how these two categories related. Naturally, the two latter 

groups became the primary focus in the actual study, while the former constituted the basis to write the 

surrounding sections.  

Finally, the third phase was intended to fulfil a need of supplementary example problems and 

elaboration on specific task types: Fermi problems, problem-posing tasks, the “Build-A-Book” approach, 

and a subtype of multi-solution problem-solving tasks called multiple-proof tasks. UniSearch and Google 

Scholar were the tools used in this part of the literature search. Table 2 summarizes the results. In total, 

then, 70 pieces of literature were used in the writing of this thesis – mainly academic journal articles, but 

also books, conference proceedings, separate book sections, and research reviews.  

 

Search terms Search Engine Results Saved 

“fermi problems” math* educat* creat* teach* Google Scholar 172 1 

“problem-posing” teach* educat* math UniSearch 1512 2 

"build-a-book" math* teach* healy Google Scholar 24 1 

"multiple proofs" math* teach* creativity Google Scholar 68 2 

  ∑ = 6 

Table 2: The four supplementary searches. 

4.2. Analysis 

All sources – research papers, (chapters of) books, conference proceedings, and introductions – were stored 

digitally in Mendeley Desktop, a program designed for managing research papers. Through Mendeley, each 

text was read and then appropriately tagged based on its focus and characteristics. Certain sources were 

marked as favorites. Combined, these features helped to later sort, thematize and search the collection. 

Furthermore, especially interesting parts of the literature were highlighted, personal notes were attached 

where needed, and own thoughts were recorded in a separate document for future reference. When the 

entirety of the material had been reviewed, the sources marked as favorites were summarized in yet another 

document, stating which literature was relevant to which pieces of content. This then acted as a prototype 

for the present essay. 

 Partly to present the results in a digestible way, partly to answer the second research question (“why 

and how do [open-ended] tasks cultivate creativity?”), a classification system to apply to the task types was 

pursued. However, it soon became apparent that there is no commonly accepted standard of this kind in the 

literature – at least four different systems are used. The question, then, was which one to choose? Each 

method had strengths and weaknesses, and none was entirely unbiased or comprehensive. A completely 

different option was of course to discuss every task type in the light of all four systems, though this approach 

would quickly escalate into a repetitive and uninteresting presentation. Thus, an attempt was instead made 

to merge the four systems into one (ironically creating yet another standard in the process). The task types 

are presented through this fifth system below. In addition to this, classifications of each task type according 

to the original four systems are compiled into a concise table at the end of the presentation. 

5. Results 
The literature search yielded four competing creative task classification systems: 

Peng et al. (2013) refer to Wakefield’s differentiation between divergent thinking, insight, and 

creative thinking tasks, which can be described as, correspondingly, closed starting point with open 
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solution, open starting point with closed solution, and open starting point with open solution. Recall that 

open and closed are synonyms to pluralistic and monistic (see 2.2. Open-ended Tasks). A divergent thinking 

task, for instance, thus has one starting point but many solutions. 

Nohda (2000) retains the notion of open/closed but uses different categories. In tasks where process 

is open, there is one definite answer, but many ways of reaching it (i.e. many processes). Tasks where end 

products are open are problems with multiple answers. Lastly, tasks where ways to develop are open 

represent problems that can be extended once an answer to the original problem has been found.  
Haylock (1997) instead makes a distinction first between tasks that require overcoming of fixation 

and tasks that prompt divergent thinking. Tasks in the first category foster an “ability to break from 

established mind sets” (Balka in Haylock, 1997, p. 69). The latter category is further divided into three 

subcategories: problem-solving tasks ask the problem-solver to find as many different solutions to a 

problem as possible, problem-posing tasks let the problem-solver generate as many mathematical questions 

as possible based on a given situation, and redefinition tasks entail repeated redefinition of one or many of 

a situation’s mathematical features.  

Finally, Kwon et al. (2006) use seven different categories: multiple strategies, multiple answers, 

overcoming fixation, problem posing, strategies investigation, active inquiry, and logical thinking. 

However, they do not explain nor motivate their categorization and nomenclature. Therefore, in order to 

make their categorization applicable in the present study, multiple strategies, multiple answers, overcoming 

fixation, and problem posing will be equated to Nohda’s first category “process is open”, Nohda’s second 

category “end products are open”, Haylock’s first category “overcoming of fixation”, and Haylock’s second 

subcategory “problem-posing”, respectively, as these seem nearly identical. Moreover, strategies 

investigation will be interpreted as problems asking for comparisons between different strategies, active 

inquiry as problems that allow and encourage problem-solvers to utilize external help, and logical thinking 

as tasks characterized by reasoning, argumentation and rationalizing. 

The creative task types will now be presented one by one, and afterwards an attempt to classify 

them according to the four mentioned systems will follow (Table 3).  

5.1. Insight Tasks 

Insight tasks are tasks that require overcoming of mental fixation. Following Haylock’s (1997) terminology, 

these tasks can be focused on either algorithmic or content-universe fixation. 

 The following problem targets the latter: “Using only a 7-minute and an 11-minute hourglass, how 

will you be able to time the boiling of an egg for exactly 15 minutes?” (Sternberg & Davidson in Karimi et 

al., 2007). To reach the solution, one has to ignore the convention of putting the egg in the boiling water as 

soon as possible: instead, start both hourglasses at the same time and only put in the egg when the 7-minute 

hourglass has run out. Now 4 minutes’ worth of sand remains in the 11-minute hourglass. These 4 minutes 

combined with another turn of the 11-minute hourglass will yield a total of 15 minutes. 

A few well-crafted insight tasks are made particularly challenging by combining both kinds of 

fixation. One example is a variation of the archetypical nine-dot problem, where students are asked to 

connect nine dots in a 3×3 grid without lifting their pencils from the paper, using first five straight lines, 

then four, three, and lastly one (modified from Davidson, 2003). The solutions are shown in Figure 1. In 

total, the problem-solver has to overcome three content-universe fixations: thinking “outside the box”, using 

the full width of the dots, and altering the shape of the “universe”. However, each successful step fixates 

the mind on a certain technique, hampering progress to the next level. In that sense there is also an 

algorithmic fixation present.  
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Fig. 1: Solutions to the generalized nine-dot problem using five, four, three, and one straight lines. To 

construct the last solution, one must roll the sheet into a cylinder before drawing the line. 

 

5.2. Problem-solving Tasks 

Two examples of typical multi-solution tasks are provided by Haylock (1987): 

1. ”By joining up dots on a nine dot grid, with straight lines, draw as many different shapes as you 

can find which have an area of 2 cm2” (p. 71). Figure 2 shows four solutions. 

 

    

Fig. 2: Increasingly complex example solutions to Haylock’s 2 cm2 area problem. 

 

2. “If you are told that (𝑝 + 𝑞)(𝑟 + 𝑠) = 36, what possible values might 𝑝, 𝑞, 𝑟, and 𝑠 take?” (Bishop 

in Haylock, 1987, p. 71). Some example solutions are 𝑝 = 𝑞 = 𝑟 = 𝑠 = 3; 𝑝 = 𝑟 = 10, 𝑞 = 8, 𝑠 =

−8; and 𝑝 = 𝑞 = 0.5, 𝑟 = 𝑠 = 18. 

While it does not apply to all problems in this subcategory, many of them tend to be similar to tasks asking 

for proofs because the answers are in some sense already given (2 cm2 and 36 in the cases above). What is 

missing in these problems are means to find them. To find “as many solutions as possible” – a common 

instruction in typical multi-solution tasks – thus means finding many ways of reaching the answer rather 

than finding many answers. 

A variation on this theme is the investigation task. Rather than asking for as many solutions as 

possible to a multi-solution problem, an investigation task asks for the best solution. While in the end only 

one method is chosen, problem-solvers still have to consider other methods to persuade themselves (and 

others) that their method is indeed the best. Moreover, what “best” means is often subjective. A sample task 

of this kind is the scattering problem, where the objective is to find the best way to measure the degree of 

scattering among five thrown marbles (Nohda, 2000). See Figure 3 for an illustration. Lee et al. (2003) 

present 15 different solutions, divided into the five categories titled linking the dots, drawing diagonals, 

using an inner point, using a circle, and using a square. 
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Fig. 3: Three situations with decreasing degree of scattering. 

 

Chamberlin and Moon (2005) argue for a similar type of tasks called model-eliciting activities (MEAs). 

While built on essentially the same principles as investigation tasks, MEAs are typically more elaborate – 

hence the term activities rather than tasks or problems. They generally combine different areas of 

mathematics, have a background based in reality, and require the problem-solvers to write a report 

documenting their results. One activity, for example, calls for students to decide “which airline is most 

likely to be on time,” (p. 43) based on 30 days’ worth of data from five airlines. Depending on how “on 

time” is defined, students construct different models: Is there a meaningful difference between being zero 

and five minutes late? How should early arrivals be evaluated in the model? Should the comparison be 

based on the mean or the median of the data? Such choices are, according to Ervynck’s framework described 

above, where creativity really can come to fruition. Moreover, motivating why a certain course of action 

was selected constitutes an important part of the final report – “the process is the product” (Chamberlin & 

Moon, 2005, p. 43).   

Yet another subtype of this category are the so-called Fermi problems mentioned by Silver (1997). 

In short, Fermi problems ask for a reasonable estimation of the answer to a seemingly impossible problem. 

Ärlebäck and Bergsten (2009) illustrate the principle through the solution of the original Fermi problem: 

“How many piano tuners are there in Chicago?” Although no other information was given in the problem, 

Enrico Fermi (Nobel Prize winner in physics 1938 and eponym for this class of problems) could 

approximate an answer surprisingly close to the true value by estimating the population of Chicago, how 

common households with pianos are, how many hours a piano tuner works each day, and so on. Problems 

such as this, and especially the reasoning they yield, promote creative fluency and have similar advantages 

to model-eliciting activities (Silver, 1997; Ärlebäck & Bergsten, 2009). 

5.3. Problem-posing Tasks 

If problem-solving tasks reflect the reactive side of creativity, problem-posing tasks reflect the proactive; 

in a typical problem-posing task, students construct as many problems as possible based on certain criteria. 

Numerous scholars maintain that problem-posing promotes creativity (Cai et al., 2013, Silver, 1997); in 

fact, some consider it even more important for creativity than problem-solving (Van Harpen & Sriraman, 

2013; Voica & Singer, 2013). Stoyanova and Ellerton (1993) have constructed a framework that 

differentiates between three situations: 

1. Free problem-posing: posing problems based on a target audience or a target attribute, for example 

problems for seven-years-old, problems related to statistics, or problems the students themselves 

think are difficult. 

2. Semi-structured problem-posing: posing problems based on a partial problem or on a target 

solution, for example problems resulting in the calculation 2 × 42 − 4 + 9 = 0, or problems based 

on a pentagon with two unknown interior angles. 
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3. Structured problem-posing: posing problems based on an already existing task, either where the 

original question part has been omitted, or by changing some attribute in the task in such a way that 

it necessitates a different kind of solution. 

The last situation is an important pillar in the “What-If-Not?” approach popularized by Brown and Walter. 

According to Seo (1997), “What-If-Not?” tasks consist of selecting a problem, listing the attributes of it, 

and then generating new problems based on what would happen if each attribute was changed. This guides 

the mind to consider new perspectives, boosting flexibility and creativity: “only after we have looked at 

something, not as it ‘is’ but as it is turned inside out or upside down, do we see its meaning or significance” 

(Brown & Walter in Seo, 1997, p. 86). For each generated task a solution is also required – a measure which 

can be used to check what the students’ intentions are when their submissions are ambiguous.  

5.4. Redefinition Tasks 

Redefinition tasks request the problem-solver to consider a mathematical object from as many perspectives 

as possible, either by itself or in relation to other objects. They can be divided into three subtypes:  

1. Similarity tasks: A prototypical example is used by Lee et al. (2003), where one has to find shared 

characteristics among eight different solid figures (sphere, cylinder, pyramid, the bottom half of a 

cone, etc.). For example, from the four objects mentioned above, one could say that all but the 

sphere have edges, while all but the pyramid have circular symmetry along a certain axis.  

2. Dissimilarity tasks: Kwon et al. (2006) proposes a task where students have to select the “odd one 

out” among the numbers 1, 2, 4, 6, 8, and 12 in as many ways as possible. Clearly, 1 is the only 

odd number, 12 is the only number with two digits, 2 is the only prime number, and so on. Note 

that the object of this type of task is essentially the opposite of similarity tasks. 

3. Observation tasks: Write down as many mathematical observations as possible about the figure 

below (Figure 4). Two example observations are that all triangles have the same area and that the 

circle’s diameter and the hexagon’s diameters are equally long (modified from Imai, 2000). 

 
Fig. 4: A regular hexagon ABCDEF inscribed in a circle, such that all its diagonals cross the 

center O of the circle. (Modified from Imai, 2000) 

 

There are many parallels between the third category and a group of tasks called non-goal-specific problems, 

which have been compared to regular goal-specific problems by Sweller et al. (1983). They concluded that 

non-goal-specific problems encourage exploration, which is a characteristic of a creative task. 

 Worth noting is also that these subtypes are not disjoint; noticing that two things are similar or 

dissimilar could for example be a valid observation in an observation task. 
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5.5. Open Classical Analogy Tasks 

Lee and Sriraman (2011) explore the pedagogical potential in mathematics of a category of tasks called 

open classical analogy problems. In a closed classical analogy problem, four objects or features A, B, C, 

and D relate to each other such that 𝐴: 𝐵: : 𝐶: 𝐷 (i.e. A relates to B in the same way C relates to D), and the 

object is to find one of the four when the other three are known. In open classical analogy problems, on the 

other hand, there are more than one unknown. Lee and Sriraman mention three types of tasks, here 

exemplified with one problem each:  

1. Starting with A and B: The sum of interior angles of a triangle is 180°. Find corresponding 

measures in other geometrical objects.  

2. Starting with A and C: In what ways are triangles and tetrahedrons similar?  

3. Starting with only A: What characteristics in triangles can also be found in other geometrical 

objects? 

Notice that the second type parallels how similarity redefinition tasks traditionally are structured, as seen 

above. Moreover, although not mentioned by Lee & Sriraman, it is of course possible to construct an even 

broader task where none of the objects are known from the beginning – “find a classical analogy linking 

two geometrical objects”, for example. 

5.6. Generative Tasks 

Silver (1997) mentions an approach employed by Healy (1993) called “Build-A-Book”, where students 

explore geometry “not by using a commercial textbook but by creating their own book of important findings 

based on their geometric investigation” (p. 77). Kirshner (2002) explains that after introducing a couple of 

geometric statements to the students, the teacher’s role is merely to facilitate interaction that leads towards 

progress on the book. Consequently, what results are significant enough to include, what constitutes a proof, 

and what geometrical areas should be investigated are decided by the students alone. Healy even refrains 

from commenting on errors and oversights, because he believes it “imperative” not to “interfere” (Healy in 

Kirsher, 2002, p. 53). 

5.7. Classification  

Table 3 shows a categorization of the 17 task types (the vertical axis) based on Wakefield’s, Nohda’s, 

Haylock’s, and Kwon’s classification systems (the horizontal axis). Naturally, pigeonholing a certain task 

type into a particular grouping can sometimes be misleading, so this should be seen as a first attempt rather 

than a guide.  

 Some cases are especially awkward. Nohda’s three classification characteristics, for example, 

describes almost all task types, although it should be noted that in some instances a label should be 

interpreted as a something that can be applied to a task category rather than something that always applies 

to it. Open classical analogy (OCA) tasks starting with A and C, for instance, do not always have multiple 

answers (i.e. open end products), though it would certainly be dishonest to assert that they never do. 

Wakefield’s categorization has a different drawback. Although Wakefield’s disjunctive distinctions create 

a more useful classification than Nohda’s system, its nomenclature can cause confusion since insights are 

not restricted to insight tasks (see 6.1.1.).   
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Algorithmic 
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Typical multi-

solution × × × × × × × × ×
Investigation

× × × × × × × × × ×
MEA

× × × × × × ×
Fermi

× × × × × × × × ×
Free

× × × × × × × ×
Semi-structured

× × × × × × × ×
Structured/ 

What-If-Not × × × × × × × ×
Similarity

× × × × × × × ×
Dissimilarity

× × × × × × × ×
Observation/no

n-specific × × × × × × × ×
Starting with A 

and B × × × × × × × ×
Starting with A 

and C × × × × × × × ×
Starting with 

only A × × × × × × × ×
Starting with 

nothing × × × × × × ×
Generative 

tasks

Build-A-Book

× × × × × × × × × × × ×

Haylock Kwon

Insight tasks

Problem-

solving tasks

Problem-

posing tasks

Redefinition 

tasks

Open classical 

analogy tasks

Wakefield Nohda

 
Table 3: Classification of problem types using four different systems.



 

17 
 

6. Discussion 
The pedagogical potential of using the open-ended task types in practice will now be discussed from two 

different angles. Afterwards, the limitations of the study will be presented as well as suggestions for further 

research. 

6.1. Pedagogical Considerations 

6.1.1. The Polarizing Nature of Insight Tasks 

Although insight tasks are some of the task types most commonly associated with creativity, from a 

pedagogical perspective they do have some concerning characteristics. For one, they are socially polarizing 

in nature: there is a clear rift between those who know the answer and those who do not. Compare this to 

problems open at the other end, those that have many possible solutions. Solvers of those kinds of problems 

arrive at an answer or some answers rather than the answer, and, importantly, rarely find all the answers on 

their own. This makes multi-solution tasks harmonize well with collaborative exploration where students 

can build on the ideas of one another, creating shared knowledge and thus a shared power allocation. In 

insight tasks group solving, however, everyone is in the dark until someone suddenly finds the key to the 

problem. Whether or not the key is shared is at that person’s sole discretion, granting him or her social 

authority in the context of the task. Such asymmetrical knowledge distribution can be dangerous in 

conjunction with other social issues. 

 The polarizing nature of insight tasks is also problematic on a more individual level. Because they 

rely on such sudden insights, there is no real sense of progression for those who attempt them, generating 

a feeling of being stuck. Sinking motivation is a likely consequence. One remedy, of course, is to precede 

the task in question with similar but progressively more challenging tasks, allowing the solver to get used 

to that particular type of problem. However, it must also be mentioned that the illumination moment is 

typically more satisfying the harder the challenge is. Thus there is a tradeoff between pre- and post-solution 

motivation that teachers must consider when using or designing an insight task. 

 An interesting complication is that many multi-solution tasks in some sense also rely on insights. 

Consider the example solutions to Haylock’s area task, for instance (Fig. 2). To find the second solution, 

one has to realize that joined dots do not have to be adjacent. The third solution requires an additional 

insight that lines can cross. Finally, to reach the fourth solution one must also begin to use lines to limit 

area. Each insight acts as a gateway to a new category of solutions – a new solution space, to use Leikin’s 

terminology (Levav-Waynberg & Leikin, 2012). Through each insight a cognitive obstacle is surmounted; 

each gateway is a fixation to overcome. The question asking the solver to find values for 𝑝, 𝑞, 𝑟, and 𝑠 that 

satisfy the equation (𝑝 + 𝑞)(𝑟 + 𝑠) = 36 offers another demonstration: if one breaks free from fixations 

such as thinking that numbers must be positive or integers, the range of potential solutions increases. 

Likewise the scattering problem (see Fig. 3) rewards those who recognize different categories of techniques, 

and so on. 

What separates these problems from insight tasks, however, is that these insights do not have to 

come in sequence. Overcoming any of the cognitive obstacles in any order helps to produce more solutions 

to a problem. To juxtapose with a typical insight task, using the full width of the dots in the nine-dot problem 

(see Fig. 1) is pointless unless one has already realized that lines can extend outside the box. There is thus 

a vertical hierarchy of cognitive obstacles in insight tasks such that one fixation must be overcome before 

another is conquerable. Fixations in multi-solution tasks, on the other hand, can be overcome in any order 

– they are nonhierarchical. These tasks therefore dodges the progression problem by offering a lattice of 

many different and intertwining paths to progress, rather than a single bumpy road. Combined with the fact 

that every new solution feels like a small success in itself, this makes the progression curve in multi-solution 

tasks more linear compared to the zero-to-hero development characterizing insight task solving. 
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From a social and motivational perspective, then, it seems likely that tasks demanding many small 

insights are to be preferred over tasks with only one or a few larger insights.  

6.1.2. Controlled versus Uncontrolled Creativity 

An attractive side effect of practicing creativity with open-ended tasks is that it cultivates an optimistic 

mindset. The prime models in this regard are Fermi problems, where students seemingly create something 

out of nothing when faced by a task that – on the surface – appears impossible. Rather than being daunted 

by impossibilities, learners are trained to recognize possibilities. Such a mentality should lead to 

strengthened self-efficacy, i.e. boosted belief in one’s own ability of accomplishing things, which is an 

important factor in all kinds of education. 

 However, endless possibilities can also lead to frustrations for teachers, who traditionally are in 

charge of structuring the learning for their students. Healy mentions that the “most difficult moments” for 

him in his Build-A-Book course were when learners excluded areas in geometry which he felt were 

significant in favor of other, perhaps conventionally less important, topics (Healy in Kirshner, 2002, p. 53). 

Understandably, surrendering part of the control for something you bear the responsibility for is 

intimidating. In that sense a creative classroom is characterized by risk-taking not only by students but also 

by teachers. 

 Another dilemma teachers may encounter when working with open-ended tasks is the balancing 

act between encouraging original answers and rejecting wrong or inappropriate ones. Haylock (1997) even 

suggests that there may be “something of a conflict between accuracy and creativity” (p. 71). Particularly 

creative individuals often propose “technically correct” solutions that belong to an awkward grey zone 

between correct and incorrect answers. For example, if the task is to find similarities between triangles and 

tetrahedrons, how should an answer such as “neither is a sphere” be handled? After all, there are millions 

of characteristics that neither of them possess. And is there a real difference between “I’ve seen both in the 

geometry textbook” and “they are both geometrical objects”? Where should one draw the line? Should a 

line be drawn? Such delicate judgment calls may vary on a task-to-task basis, and since creativity is the 

expressed goal of the assignments, unexpected solutions should, ironically, be expected.  

 A way of evading this problem is of course to put the burden of judgment on the learners, for 

example by qualifying that solutions should be “reasonable”, “appropriate”, or similar. However, because 

qualifiers like these can only be so specific in order to actually have an effect, there is a risk that they may 

backfire in the other direction: instead of submitting potentially flawed solutions, they may withhold 

useable ones. Pushing self-assessment like this may thus lead to an undesirable content-world fixation in 

the students’ mind, which undoubtedly stifles creativity. 

At the same time, some research have suggested that controlled creativity leads to superior results 

compared to completely unshackled creativity. Voica and Singer (2013), for example, noticed in their study 

on problem modification that quality appeared to decrease the more students changed in the original 

problem. In fact, a common trait among the most coherent modifications was that only one aspect of the 

original problem had been altered. By deliberately restraining their freedom, the top contributors were able 

to carefully fine-adjust their modifications until they were just right. It seems then that self-assessment 

functions better as a beta pressure than an alpha pressure; that is, instigated by the students themselves 

rather than by the teacher. And it makes sense: limiting the scope – a self-imposed content-world fixation 

– is a common recommendation to people subjected to a dearth of ideas. For a tutor, however, it is difficult 

to do more than merely suggesting it. Moreover, results such as these can be deceiving in an educational 

context: better answers do not necessarily equal better learning.  

6.2. Limitations 
Though many studies exclusively investigate how creativity can be promoted in a certain school context – 

for example in a particular range of grades or in a specific country – no such restrictions were considered 
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when selecting and analyzing literature in the present study. Instead, the reader will have to discern what 

may be of interest for their given situation. Fortunately, most open-ended tasks do adapt well to novel 

contexts, since their difficulty tend to depend on the solver. What constitutes the best solution to an 

investigation task, for instance, will almost certainly differ for groups of ten-year-olds and twenty-year-

olds, yet each group’s candidate can be perfectly valid given their individual circumstances. 

 Moreover, the present study does not attempt to empirically measure the aptness or usefulness of 

each task type. It is possible and likely that some task types are more worthwhile from a teaching 

perspective than others, although which ones would surface to the top in such a comparison is not 

determined here. 

 It is also important to note that the 17 task types found in this study in no way represent an 

exhaustive collection of all means to promote creativity in a mathematical setting. Especially in an area so 

tightly connected to innovation, it should be expected that other techniques to boost creativity will be 

invented continuously. In addition, the present study only considers a small portion of the creative process, 

which in itself is merely a branch of the tree that is creativity. Nevertheless, the results of the present study 

can hopefully constitute a foundation upon which others can build on, or an inspiration to expand the field 

in new directions. 

6.3. Further Research 
Utilizing the ideas in the previous sections, these are some suggestions for further research: 

1. Compare different open-ended task types empirically. While the study at hand has compiled 

many task types found in the literature, there still remains questions whether or not some types 

are better in educational circumstances than others, and if that is the case, which ones are to be 

preferred? For example, would students’ creativity benefit more from a course based on insight 

tasks or problem-posing tasks? An obvious problem is of course that many of the limited 

options available to test creativity are heavily biased towards a certain group of task types, e.g. 

multi-solution tasks for Torrance tests. 

2. Test the hypothesis that practice on open-ended tasks lead to increased self-efficacy. Since self-

efficacy is such an important concept in education, evidence in either direction would be a 

worthwhile goal for a study. 

3. Compare controlled and uncontrolled (“free”) settings of creativity. How much restriction is 

optimal? How will task type, the students’ age and mathematical knowledge, the classroom 

goal structure as discussed by Peng et al. (2013), etc. affect the answer? 

4. Explore the possibilities of adapting certain task types to new contexts. Geometry, for example, 

appears to be a particularly fruitful area for creativity practice, while probability perhaps is 

mathematical branch with less creative potential. It is true that some task types, such as 

problem-posing, effortlessly transcend content limitations, but for others it is not as 

straightforward. Finding ways to adapt these less flexible task types to other areas would 

improve the potential for teachers to implement creative assignments in their teaching. 

7. Conclusion 
The purpose of the present study was to find methods of promoting creativity in the mathematics classroom. 

In previous research, open-ended tasks have shown good results. The present study therefore investigated 

what types of open-ended tasks are mentioned in the literature, and the reasons why and how they work so 

well to promote creativity. “Open” in this context signifies open to multiple valid approaches; open-ended 

tasks thus means tasks with several possible ways to either approach a problem initially or, in the end, 

answer it – or both.  

 Following an extensive literature search amassing 70 sources, a systematic review of the suitable 

material yielded 17 open-ended task types and four classification systems. The task types along with 
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comments on their potential for promoting creativity were presented in six clusters: insight tasks, problem-

solving tasks, problem-posing tasks, redefinition tasks, open classical analogy (OCA) tasks, and generative 

tasks. Although none applied flawlessly, each one of the four classification systems was then employed to 

categorize the clusters.  

Two particularly difficult classification cases were typical multi-solution tasks and investigation 

tasks. Although they do not fit the label of “insight task”, they certainly do rely on insights. However, 

because their structure allows problem-solvers to progress more smoothly than in insight tasks – a trait 

shared by all tasks with multiple solutions – they should theoretically generate more motivation. Combined 

with the fact that insight tasks also risk amplifying socially detrimental behavior, multi-solution tasks seem 

superior from an educational standpoint.  

 A second consideration for teachers is how strongly creativity should be restricted. On the one 

hand, some constraints arguably aid students in producing results of high quality; on the other, unnecessary 

limitations may prevent them from thinking creatively altogether. Moreover, completely unrestricted 

problem-solving could have other psychological advantages, such as nurturing self-efficacy. Whether any 

of these hypotheses hold true is left for future research to examine. 

 Creativity is a significant pillar of society already today, but will likely become even more 

important in the future due to technological advancements. Schools must adapt accordingly. Open-ended 

tasks provide a rare possibility to practice creativity in mathematics, so every new variation should be 

cherished. With the arsenal of task types that this study has accumulated, teachers have more tools to help 

students enhance their problem-solving, engage their imagination, and expand their reality. 
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