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Abstract

Interest in creativity in mathematics education research is increasing, and the field of
research is growing. Yet, research on creativity and the notions (we use this wording to
accumulate understandings, beliefs, and ideas about the construct) of creativity that are
addressed in empirical research are diverse and difficult to organize in an overview,
with different theoretical backgrounds and theoretical assumptions underlying them.
The aim of this article is therefore to provide a systematic overview of notions of
creativity addressed in recent empirical research on mathematical education. We
conducted a systematic literature review, guided by the question, What notions of
creativity are addressed in current mathematics education research and what theoret-
ical foundations do they rely on? The article gives an overview of the five predominant
notions of creativity that were identified in current empirical research in mathematics
education from 2006 to 2019. We describe and evaluate these notions and identify
trends that will help to structure this diverse field of research.
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Research on creativity is attracting growing interest (Hersh & John-Steiner, 2017;
Runco, 2014). Albert and Runco (1999) point out that “at present the field [of
creativity] can only be described as explosive” (p. 17). Moreover, the rapid develop-
ment of society (e.g. in the field of digitalization or artificial intelligence) has conse-
quences for everyone (National Council of Teachers of Mathematics, 2005)—profes-
sions change and disappear, and completely new ones emerge (Barak, 2009). The
required professions often become more complex, and, especially in the field of
mathematics (e.g. applied mathematics), creative solutions are sought to solve problems
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more efficiently (Clements, 2013). Mathematics educators aim to prepare students for
their present and future lives in increasingly automated and interconnected societies and
economies (OECD, 2014)—and, in turn, mathematics education research often ad-
dresses creativity (see, e.g. Leikin & Pitta-Pantazi, 2013; Schindler & Lilienthal,
2020; Sheftield, 2013; Singer, 2018).

Looking at research on creativity in mathematics education, there is a multitude of
different aspects to be studied as well as many underlying theoretical assumptions on
creativity (Leikin & Sriraman, 2017b; Pitta-Pantazi et al., 2018; Sriraman, 2009). At
this point, we will introduce the term notion. By notions, we mean ideas, beliefs, and
understandings (Oxford University Press, 2019) of a certain construct, and for the paper
at hand, we include under this term all the ideas, beliefs, and (theoretical) understand-
ings about the concept creativity. For example, some scholars focus on creative
products (e.g. Kattou et al., 2015), while others focus on creative processes (Lithner,
2008). Theoretically, some researchers are inspired by theories from the domain of
psychology (e.g. Leikin et al., 2011), whereas others draw on mathematical stage
theories (e.g. Liljedahl, 2013). The body of research on creativity in mathematics
education research is rich and diverse (Leikin, 2009; Schindler & Lilienthal,
2020; Sriraman, 2005).

Given the diversity of mathematics education research on creativity, it is difficult for
researchers to summarize the ways in which creativity and its respective, underlying
theories is understood; the landscape of mathematics education research on creativity is
broad-spanning and heterogeneous. Yet, for the field to develop and for new studies to
build on other research, it is important for researchers to understand and overview the
general field. For that reason, researchers in mathematics education have begun to sort
and map existing studies. For example, Pitta-Pantazi et al. (2018) organized research on
mathematical creativity, drawing on classifications provided by Rhodes (1961). Rhodes
(1961) identifies four different “strands,” or perspectives on creativity, which he calls
the 4 Ps of creativity: Creativity can be seen as a feature of either a person, a process,
press, or a product. When creativity of persons is regarded, the person as an individual
and their characteristics are in focus. Processes refer to ways of thinking. Rhodes refers
to ideas such as Wallas’ (1926) model of preparation, incubation, illumination, and
verification to account for creativity as a process. Rhodes uses the word press to
emphasize the interplay between individual and environment, positing that people in
a vacuum cannot be creative; they respond to external pressures. The fourth strand,
product, focuses on newness and assigns creativity to outcomes or products. However,
these strands are not separate from one another. Rhodes stresses that “each strand has
unique identity academically, but only in unity do the four strands operate functionally.
It is this very fact of synthesis that causes fog in talk about creativity” (Rhodes, 1961, p.
307). His comment about the confusion and ambiguity caused by the interaction of the
strands hints at the need for researchers to communicate clearly which strands of
creativity and which interplays they investigate. Pitta-Pantazi et al. (2018) use Rhodes’
categorization and apply it successfully to mathematics education by showing how
existing studies can be mapped based on Rhodes’ categories, addressing processes,
persons, press, and products. By doing so, they investigate what researchers “have
learned so far on mathematical creativity” (Pitta-Pantazi et al., 2018, p. 28). Yet, they
clarify that they “do not attempt a summative review or a meta-synthesis of what is
known” (Pitta-Pantazi et al., 2018, p. 28) and do not claim their overview to “be
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exhaustive or comprehensive” (Pitta-Pantazi et al., 2018, p. 28)—leaving room for a
systematic review of the research in mathematics education on creativity to be
conducted.

Additionally, Sriraman (2009) has provided an overview of “contemporary models
of creativity from psychology [that were] reviewed and used to interpret the character-
istics of mathematical creativity” (p. 13). To empirically investigate the mathematical
creativity of mathematicians, Sriraman conducted a survey of the approaches that are
used in the study of creativity in psychology. Drawing on Sternberg and Lubart’s
(1999) work in the domain of psychology, he identifies six approaches: the mystical
approach (where creativity is associated with inspiration and/or a spiritual process), the
pragmatic approach (which focuses on developing creativity), the psychodynamic
approach (where creativity is seen to arise from the interplay of the conscious and
unconscious mind), the psychometric approach (which focuses on measuring creativ-
ity), the cognitive approach (which focuses on cognitive processes involved in creativ-
ity), and the social-personality approach (with emphasis on personality, motivation, and
the socio-cultural context). Sriraman’s systematization of approaches in the study of
creativity in psychology has been a valuable foundation for the study of creativity in
mathematics education for many years. Yet, it has not been used to review the research
on creativity in mathematics education itself. We feel that now, 10 years after
Sriraman’s survey, with increasing numbers of studies on mathematical creativity
within this time span, it would be valuable to review what such understandings or
notions of creativity may look like in the domain of mathematics education. Looking at
the two reviews, it is noticeable that they were prepared in a typical way—on the one
hand, they give a good overview, and on the other hand, no information can be found
about the extent to which the literature collection was carried out and whether the
respective overviews are considered complete.

Further efforts to review creativity in education was made by Wyse and Ferrari
(2015), who compared existing curricula “of the 27 member states of the EU (EU 27)
and in the UK” (Wyse & Ferrari, 2015, p. 30) for the significance and explicit
discussion of creativity. They focused on how often creativity appears in the different
curricula in Europe (EU-27) and found that the term creativ¥ in mathematics is seldom
mentioned (with a ratio of 0.17 in comparison to the average of all subjects under
investigation)—indicating a low significance of creativity in curricula across Europe.
Despite Pitta-Pantazi et al.’s (2018), Sriraman’s (2009), and Wyse and Ferrari’s (2015)
overviews, we feel that there is a need to map existing research on creativity in
mathematics education and to provide a comprehensive and entire overview of what
notions of creativity are under investigation in current mathematics education research
on creativity and what theoretical foundations they rely on.

The aim of our article is to provide a systematic overview of notions of creativity
addressed in recent empirical mathematics education research. We do not want to
pursue this goal only to do research, but we also want to indicate and infer that
depending on how someone understands and defines creativity, different consequences
may result: for the assessment of creativity or and the support of students. Therefore,
we want to systematically unfold the variety of mentioned notions in this field. We
conducted a systematic literature review, since literature reviews can provide a com-
prehensive overview of a specific research topic (Royal Literary Fund, 2020; The
Writing Center, 2020), and follow Pitta-Pantazi et al. (2018) in their efforts to make
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advances in the field through looking back at what has been addressed in research on
mathematical creativity so far. We present a literature review that systematically
compiles current research on creativity in mathematics and ask the research question,
What notions of creativity are addressed in current mathematics education research
and what theoretical foundations do they rely on? Through pursuing this question, we
aim to capture the landscape of research on creativity in mathematics and contribute to
the body of research through providing such an overview (Jones & Tzekaki, 2016).

Method

For our systematic literature review, we follow the approach by Gough et al. (2013),
which was originally developed for the field of politics and has been transferred to
mathematics education by Nilsson et al. (2018). More precisely, we conduct what
Gough et al. call a configurative review: a review conducted to develop ideas or
theories inductively from the literature under investigation, focusing on the heteroge-
neity and diversity of the articles involved. This approach comprises ten steps which
are explained below."

Steps 1 and 2: Needs and Review Question

The need for our systematic review and its research question were described in the
introduction of the article.

Step 3: Scope

Before searching for literature, it is important to determine a number of parameters to
“[establish] the criteria used to select studies” (Gough et al. 2013, p. 11). To take into
account the quality of articles in our review, we chose to only include (1) peer-reviewed
Jjournal articles. We also only included articles (2) written in English to allow readers
of our article to retrace all steps of the analyses. We further chose to focus on (3)
empirical articles, as our aim was to elaborate on notions of creativity addressed in
empirical research. Furthermore, we focused on (4) studies on students but not on
teachers’ creativity or creative teaching. Additionally, we set the (5) time period to the
years 2007-2019. This was a relatively current period and articles in the databases were
fully maintained for the given period.?

! Please note that this article is based on preliminary work. At two PME conferences (Joklitschke et al. 2018,
2019), we have presented results for the keyword search and discussed preliminary results (for 2007-2016).
According to Gough et al. (2013), those results belong to the steps of coding and mapping, which will also be
introduced in this article. However, the essential part of the article at hand, especially the results (with the step
of appraising) and the discussion part (with the step synthesis), goes substantially beyond these steps.

2 Please note that the MathEduc database was maintained exhaustively only until 2016 and has been shutdown
since the start of 2020. Therefore, we used Education Research Complete for 2017-2019.
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Step 4: Search

Of particular importance were the search terms (see Joklitschke et al., 2018). For
finding appropriate search terms, titles of contributions in conference proceedings of
the PME from 2007 to 2016 as well as a number of manuals and encyclopedias (e.g.
Carayannis, 2013; Gutiérrez et al., 2016; Kaufman & Sternberg, 2010; Kerr, 2009;
Leikin & Sriraman, 2017a; Lerman, 2014; Lester, 2007; Runco & Pritzker, 2011) were
searched for the term creativ*. Then a full text search with creativ* in the according
articles was conducted and the surrounding text passages were searched for synonyms.
Terms such as originality, for example, were found frequently, but these were mostly
used for further specification, not as synonyms for creativity. Finally, a list of eight
search terms/strings was created: creativ¥, divergent think*, innovate®, invent*,
illuminat*, aha*, bisociat*, and overcom™* fixation.

We conducted a search of different orientated databases: PsycINFO, for the field of
psychology, and MathEduc as well as Education Research Complete (ERC), for
mathematics education (Fig. 1). We searched titles, abstracts, and keywords (for
PsycINFO, we combined each search term with math*). To narrow our search in
PsycINFO to publications of higher quality and of relevance for mathematics educa-
tion, we only included those articles that were published in a journal listed in the Web
of Science (WoS) in the area of education (categories were education, educational
research, education scientific disciplines, and special education), which resulted in 223
hits. Since the WoS only includes a small number of journals in mathematics education,
we used MathEduc and ERC to search within the A* and A ranked journals in
mathematics education research (Tomer & Arzarello, 2012)—leading to 250 hits.

Step 5: Screening

We initially screened all 473 articles (223 from PsycINFO/WoS, 250 from MathEduc
and ERC) by reading (a) titles, abstracts, and keywords and excluding those articles that
did not address creativity in mathematics or (b) did not meet the criteria 2—4 from step
3. The screening process led to the inclusion of a total of 51 articles (see Fig. 1) in the
final analysis. This reduction to only 11% of the first round of data (51 out of 223 + 250

Scope & Search
a) database: PsycINFO
search term: (math* AND <search term>) for all
8 synonyms
895 hits (without doubled entries)

Screening

a) Reading of title, abstract, and keywords
Central topic: creativity

b) Reading up on the research question
Exclusion of further articles outside
reseach parameters

b) comparison: PsycINFO and WoS

criteria: only articles published in journals which 18 . il -
are listed in WoS (educational categories) remaining artices Map & Appraise
223 remaining articles Coding of
statements and
further content
Scope & Search Screm analysis
databases: MathEduc Education Research __g " .
Complete a) Reading of title, abstract, and keywords 51 articles

Central topic: creativity
b) Reading up on the research question
Exclusion of further articles outside
research parameters
33 remaining articles

Journals: Educ Stud Math, JRME, J Math Teach

Educ, ) Math Behav, Learn Math, Math Think

Learn, ZDM

search term: <search term> for all 8 synonyms
250 hits (without doubled entries)

Fig. 1 Flowchart of the search process for the systematic literature review
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articles) is remarkable. This high number of exclusions had mostly one reason: by using
search terms like invent*, articles were also found on many kinds of inventories that
have nothing to do with creativity—those articles were sorted out right at the beginning
and before our analysis started. These 51 articles were found in 13 different journals.
The journals with the highest numbers of articles were ZDM — Mathematics Education,
Thinking Skills and Creativity, and Educational Studies in Mathematics (see Table 1).
ZDM published two issues dedicated to the topic of creativity within the time period of
our review—which explains the large number of articles included.

Step 6: Code

In line with our research aim, after reading the articles intensively, we concentrated our
analyses on those sections from the introductions up to the methodological consider-
ations. For the preparation of the content analysis, so-called statements were coded. In
this article, a statement is defined as a proposition made on creativity in a mathematical
context in conjunction with a reference. For clarification, the following are an example
and a counter-example. “Ervynck (1991) outlined the development of creativity in
mathematics as a series of stages with algorithmic activity as precursors to creative
activities” Mann et al. (2017, p. 70). In contrast, although it addresses an understanding
of creativity, the following quote by Mann et al. (2017, p. 70) was not included in our
coding, because there is no reference that would make a theoretical orientation explicit:
“While fluency is considered the number of responses generated, flexibility is focused
on the variety of approaches that an individual is able to use in solving a problem.” This
strict rule protects the data against the influence of the personal opinion of authors, and
instead captures statements that were based on underlying theories. Of course, scholars
present new theories or conceptualizations without reference to other theories. Due to
the parameters we established, such theoretical propositions were not included in our

Table 1 Number of articles under review sorted by publishing journal

Journal Number of articles

ZDM — Mathematics Education 16
Thinking Skills and Creativity 10
Educational Studies in Mathematics 7
The Journal of Mathematical Behavior 6
For the Learning of Mathematics 3
High Ability Studies 2
Asia Pacific Education Review 1
Gifted Child Quarterly 1
Innovations in Education and Teaching International 1
Journal of Mathematics Teacher Education 1
Technology, Pedagogy and Education 1
Eurasia Journal of Mathematics, Science & Technology Education 1

1

Teaching in Higher Education
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coding method. In the discussion, we will elaborate why this restriction has little
disadvantage for answering our research question.

In a second step, the statements were sorted into the following two categorizations:
their character (Joklitschke et al., 2018) and their addressee (Joklitschke et al., 2019).
We identified three characters of statements: definition, components, and description.
Definition statements are sentences where the author clearly expresses that the respec-
tive statement is a definition. Components statements are sentences describing creativ-
ity through a closed list of specific properties, and description statements contain more
of a loose collection of properties. In total, 303 statements were coded for the purpose
of our article: 37 definition statements, 63 component statements, and 203 description
statements were included in the further analysis. Focusing on the addressee, we
analyzed and summarized what strand was addressed, according to Rhodes’ model of
the 4 Ps of creativity, for the first content analysis of the statements.

Step 7 and 8: Map and Appraise

The mapping step forms the basis for a content analysis of the coded statements. The
statements were clustered inductively with regard to the notions of creativity, using
statements from the category definitions as a starting point. As an example, Fig. 2
illustrates the mapping process. The mapping had two goals: it gave a rough overview
of the different notions of creativity and their distribution, and it built the basis for the
synthesis in the following step, in which each notion could then be further analyzed
individually according to different aspects (details below in the step appraise). We set a
lower limit for the number of statements to create a notion: at least five statements from
two articles with coherent theoretical references needed to be coded for us to incorpo-
rate them as notions of creativity in our review. Thus, such leftover statements were
incorporated in a residual category.

In the appraise step, the different notions of creativity in mathematics were evalu-
ated to investigate their theoretical foundations and their usage. Since the step of an
appraisal is often interpretative, and at the same time it was difficult to find hard-to-
operate criteria to evaluate different notions, a few points of convergence will be
mentioned here; for usage, we started by evaluating the temporal perspective: first,
we looked at how long (since when) the respective notion was used in the articles

Author et al. (s
. (yr)
’ ‘“,’(\t\"‘6 Pose the fo| )
a{\“\“ © ‘\“ﬂ\‘“' definition;
CoN To
Us‘“‘““‘“ 8 “\ Creativity js the

Y e 2 ot ability of iy
(\e".":\“a\ S thinking ergent
S
% ~ Author (yr) defines ~
' creativity as solve

problems in fluent,
flexible, and orignal
ways.

lowing

Fig. 2 Example of mapping process with three notional statements
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integrated in our review, and second, we investigated the geographical spread, evalu-
ating the dissemination of the respective notion among different research groups.

Steps 9 and 10: Synthesize and Communicate

The synthesis represents the final product of the literature review by bringing together
the results and answering the research question. According to Gough et al. (2013), the
step communication refers to publishing the generated findings. Both synthesis and
communication will be presented in the results and discussion section.

Results

In this section, we present—in line with our research question—the notions of crea-
tivity and underlying theoretical foundations we found. The content analysis of the
statements revealed five different notions. Since the statements within the notions are
aimed at different addressees, we analyzed the contents of the statements along two
categorizations: the notion of creativity (see list below) and the respective addressees
with reference to Rhodes (with a focus on person, process, product, or press).
Figure 3 shows the number of the coded statements in each notion. The interrater
reliability for coding (Brennan and Prediger 1981) was k = 0.87, which can be consid-
ered very good.

120
1]
€ 100
(Y]
£ =
28 80
5
=
E 8 60
2o
£ 40
>
Z Y
20 /
, .=
Flx, Flu Creative
and/or | Divergent Sequence 4Ps of Residual = Further
other Thinking = of Stages Reasoning Creativity = Category Remarks
Char.
Descriptions 15 15 19 8 75 23 48
2 Components 13 2 12 5 16 3 11
M Definitions 3 1 1 2 19 8 3
Notions
Note. FIx = Flexibility, Flu = Fluency, Char = Characteristics

Fig. 3 Distribution of the coded statements with respect to their notion. The “residual category” and “further
remarks” do not represent a notion, but arose inductively from the mapping step. Explanations will follow in
the text
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Creativity as Flexibility, Fluency, and/or Other Characteristics

Thirty-one statements in our review addressed creativity as flexibility, fluency, and/or
other characteristics—as a set of specific and typical characteristics. For example,
Levav-Waynberg and Leikin (2012, p. 76) refer to “Torrance’s (1974) definition of
creativity, according to which creativity is based on four mutually related components:
fluency, flexibility, novelty, and elaboration.” In this statement, none of the 4 Ps
(Rhodes, 1961) is addressed specifically. Similarly, van Harpen and Presmeg (2013,
p- 120) propose a description of creativity which is independent from the 4 Ps: “In the
year 1950, Guilford and his associates hypothesized that fluency, flexibility, and
originality would be three important aspects of creativity (Guilford, 1959).” Other
scholars make the relationship to the 4 Ps of creativity explicit, such as Pitta-Pantazi
et al. (2013, p. 200), who relate a description of creativity to products: “[Researchers]
have argued that a creative product can be judged by criteria such as fluency, flexibility,
originality, elaboration and appropriateness (e.g., Leikin, 2009; Silver, 1997; Torrance,
1974).” Here, fluency and flexibility are complemented with originality, elaboration,
and appropriateness. For example, one statement by Leikin and Lev (2013, p. 184) does
not point to originality but to novelty and elaboration: “Torrance (1974) suggested a
definition of creativity that served as the basis for a battery of tests designed to identify
creativity. The definition was based on four related components: fluency, flexibility,
novelty, and elaboration.”

Historically, this notion of creativity goes back to the psychologist and intelligence
researcher Joy Paul Guilford. He was one of the first scholars who did not describe
intelligence using a hierarchical model (a model with one single general intelligence
factor to which other divisions are hierarchically subordinated), but developed a three-
dimensional model and worked out 120 factors (Guilford, 1967) of intelligence (and
later Guilford, 1977 extended the model to 150 factors). His model includes divergent
production, which, according to Guilford, is strongly associated with creativity and can
be characterized by the above-mentioned factors, fluency, flexibility, originality, and
elaboration (Guilford, 1956, 1967). To assess creativity, Guilford (1967) developed the
Brick Uses test. Later, Torrance used this conceptualization to develop the frequently
used TTCT (Torrance Test of Creative Thinking) (Torrance, 1966, 1974). Since this
test addresses general creativity, there was a growing interest in developing domain-
specific adaptations. For research in mathematics education, Leikin (2009) developed
an instrument for evaluating mathematical creativity by adapting parts of the TTCT,
resulting in the idea of Multiple Solution Tasks (MSTs)—mathematical tasks that are to
be solved in different ways (Leikin, 2009; Leikin & Lev, 2007).

In summary, we see this notion with its underlying theoretical background as highly
significant for mathematics education research. First, it is theoretically well located, and
thus, the historical origins can be traced back well. Guildford’s contribution can be
considered enriching and significant for the mathematics education community. Sec-
ond, many researchers in mathematics education have been working continually with
this notion. We found the first references around 2007 (Leikin & Lev, 2007), and it is
still used to capture creativity beyond the considered period of time (Pitta-Pantazi et al.,
2018). Many scholars in mathematics education refer to these fundamentals not only to
investigate creativity itself; they also use MSTs as tools to set up and validate models of
giftedness (see, e.g. Kattou et al., 2015; Kontoyianni et al., 2013).
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Creativity as Divergent Thinking

In this notion, we grouped 18 statements that related creativity to divergent thinking.
Kim et al. (2016, p. 39) explain that “creativity is defined in a number of ways by
scholars, including the capacity to produce ideas related to divergent thinking rather
than convergent thinking (Guilford, 1959)” and refer to creativity as they write about
the capacity of a person. Barak (2009, p. 346) also refers to Guilford: “Guilford’s
(1963) distinction between convergent thinking and divergent thinking was genuinely a
milestone in the research on creativity during the past half century.” With regard to
Rhodes’ 4 Ps of creativity, Barak does not mention specifically what is addressed. As
indicated in these two statements, the concept of divergent thinking stems from
Guilford’s research (1967), and he describes divergent production as one of the most
important factors in creative thinking. Further, for some scholars, only divergent
thinking exclusively describes creativity, and for others, the interplay of divergent
and convergent thinking is essential for creativity. For example, Kim et al.’s statement
at the beginning of this paragraph puts more emphasis on divergence, whereas Barak
(2009) emphasizes the interplay between convergent and divergent thinking.

In summary, we found 18 statements about creativity as divergent thinking in ten
articles from research groups worldwide (Asia, Europe, America). However, the
distribution of the statements over many articles indicates that this notion of creativity
was not in particular focus. Yet, this notion has a strong underlying theory, and we
think that it would be valuable for mathematics education research to examine this
perspective further.

Creativity as a Sequence of Stages

Thirty-two statements from twelve articles referred to creativity as a sequence of stages.
Liljedahl (2013, p. 254), for example, describes this sequence of stages, referring to
Poincaré (1948): “So deep were [Poincaré’s] insights into his acts of invention and
discovery that it could be said that he not so much described the characteristics of
mathematical creativity, as defined them”, where “acts of intention and discovery”
refers to creativity as a process (Rhodes, 1961). In this statement, Liljedahl (2013)
deliberately uses the description of a phenomenon to define creativity. He draws on the
descriptions of Poincaré (1948), who, in his talk L’Invention mathématique, reports on
how he worked intensively on a mathematical problem over a long period of time and
got stuck at a certain point. He describes how he suddenly had a moment of
enlightenment during an everyday situation, entering a bus, and knew with absolute
certainty that he could now solve the mathematical problem. In his book The art of
thought, the Gestalt psychologist Graham Wallas (1926) used this observation (as well
as the reports by the physicist Hermann von Helmholtz) to develop a four-stage model
of the creative process that consists of the phases preparation, incubation, illumination,
and verification. Hadamard (1945) then successfully transferred this model into the
field of mathematics. Other stage models are also mentioned. For example, Sriraman
(2009, p. 14) writes that “Ervynck (1991) described mathematical creativity in terms of
three stages. [...] preliminary technical stage [...] algorithmic stage [..., and] creative
activity”. A total of twelve statements that describe different stage models could be
coded.
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In contrast to the first notion of creativity (creativity as flexibility, fluency, and/or
other characteristics, based on Guilford), this notion originates in the mathematical
field. Liljedahl (2013) emphasizes that for both an absolute and a relative view on
creativity “illumination is at the heart of the creative experience” (Liljedahl, 2013, p.
256). This notion has a strong underlying theory from the domain of mathematics:
Hadamard’s stage model. This model was referred to in sixteen statements—the other
fifteen statements in this notion refer to other stage models. The eight articles that refer
to Hadamard’s theoretical background date from the years 2009 to 2016 and have been
used by research groups from all over the world. Hence, this notion can be attributed as
having significant importance for research on creativity in mathematics.

Creativity in the Sense of Creative Mathematical Reasoning (CMR)

In eight articles, 15 statements were coded that connect creativity to reasoning. Jonsson
et al. (2014, p. 22) refer to Lithner (2008) and conceptualize creativity as follows:
“Lithner (2008) defined CMR [creative mathematical reasoning] as fulfilling all of the
following criteria: (i) Creativity; a new reasoning sequence (new to the reasoner) is
created, or a forgotten one is re-created, in a way that is sufficiently fluent and flexible
enough to avoid restraining fixations; (ii) Plausibility [...]; and (iii) Anchoring [...].”
This notion of creativity, which is process-oriented in Rhodes’s (1961) sense, is to be
seen as part of a three-component system consisting of creativity, plausibility, and
anchoring. For the reader, it may seem a bit perplexing that creativity is described here
by creative reasoning but what we present here is a representative number of statements
that share a view that addresses creative mathematical reasoning, part of which is seen
as creativity. The interweaving of the hierarchies is very close, so that we include this
construct here as a notion without evaluating and judging which part could stand for
creativity and which not. Lithner (2008) contrasts the theoretical background of CMR
to imitative reasoning, which includes memorized reasoning (MR) and algorithmic
reasoning (AR), the latter referring to using a known procedure. Boesen et al. (2010, p.
95) pose a statement about components that builds on this distinction and develop it
further: “Using the definitions of AR and MR two categories of CMR are defined:
Reasoning that is mainly based on MR or AR but contains minor, local elements of
CMR will be called local CMR while reasoning with large CMR elements is called
global CMR. The latter may still include large elements of MR or AR. The local aspect
was introduced by Lithner (2004) to capture the substantial empirically established
differences between Local and Global CMR.” This statement goes a little further and
links the seemingly opposite poles of CMR and MR/AR to each other and, thus, opens
up the possibility that even within creative reasoning processes, parts of memorized
reasoning or algorithmic reasoning can be found.

The notion of creativity as CMR comes from a comparatively young model, which
was introduced by Lithner (2008) in mathematics education. Originally, he developed
this model during analyses on the subject of rote learning. Lithner (2008) describes
different ways of reasoning, which he understands as a line of thought that does not
necessarily have to be objectively correct. AR is thus part of imitative reasoning, which
also includes the MR (for more details, see Lithner, 2008). CMR, on the other hand,
involves (re-)inventing one’s own solution strategies. It is important to stress that CMR
is not to be equated with problem solving (Lithner, 2008); it does not necessarily
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require the characteristic of getting stuck or the individual challenge of traditional
problem solving. In its first iteration, Lithner’s model of CMR included the components
novelty, plausibility, and mathematical foundation and was then further developed into
creativity, plausibility, and anchoring (see Boesen et al., 2010). The replacement of the
term novelty with the term creativity could be an indication that the term creativity is
mainly associated with novelty. This indicates an emphasis on novelty in the consid-
eration of creativity in this framework.

We found that this notion of creativity is situated in the larger framework of
mathematical reasoning, which gives it a strong theoretical background. The frame-
work does not originate from outside mathematics education (e.g. from psychology)
but was developed specifically in the domain of mathematics education to account for
ways of reasoning among, for instance, students. From a historical perspective, this
notion is relatively new as compared to the abovementioned notions. Also noteworthy
is that all of the coded statements referring to this notion point to the one research group
that developed the framework originally, indicating a relatively small geographical
distribution up to now. As this newer idea develops, the usefulness of this notion of
creativity in the research community will be assessed.

Person-, Product-, Process-, and/or Behavior-Based Notion of Creativity

This notion of creativity has by far the most statements, 110, and is connected to
statements that focus exclusively on strands, as mentioned by Rhodes (1961) (person,
product, process, press). Here, the 4 Ps of creativity not only serve as a grid for
determining the addressee of creativity as in the presented notions above; they also
represent a notion of creativity on its own. For example, Kim et al. (2016, p. 39) state,
“Most researchers agree on a general definition of creativity as ‘the ability to produce a
new, high quality, and appropriate product’ (Sternberg, Kaufman, & Pretz, 2002).” A
similar definition is used by Barak (2009, p. 345): “we use here a concise definition
according to which creativity is the ability to produce work that is both novel (original,
unexpected, imaginative) and appropriate (useful, adaptive, concerning task con-
straints) (Guilford, 1967; Sternberg & Lubert [sic], 1996; Simonton, 1988, 1997).”
Also, Ayas and Sak (2014, p. 195) state that creativity “is usually defined as the ability
[of a person; in sense of Rhodes] to generate ideas or products that are novel and useful
(Boden, 2004; Cropley, 1999; Mayer, 1999; Piffer, 2012; Plucker, Beghetto, & Dow,
2004; Sak, 2004; Sternberg & Lubart, 1995)”.

All these statements conceptualize creativity as a characteristic of a person who is
able to create a product with certain properties, expressed as “new, high quality, and
appropriate,” “novel and appropriate,” “novel and useful,” and “new and appropriate.”
It is worth noting that references are often made to Sternberg. Sternberg, a psychologist,
presents a theory on creativity and states that “creativity is the ability to produce work
that is both novel (i.e., original or unexpected) and appropriate (i.e., useful or meets task
constraints; Lubart, 1994; Ochse, 1990; Sternberg, 1988b; Sternberg & Lubart, 1991,
1995)” (Sternberg & Lubart, 1996, p. 677). Apart from that, the many references given
in the two statements above (as well as in the other statements in this notion) indicate
that there is no clear origin to which the particular characteristics can be referred to—
although there is a certain consistency of content.

LR
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Kim et al. provide another definition by referencing an understanding of creativity
that involves the environment: “Creativity is defined in a number of ways by scholars,
including the capacity to produce [...] new and valuable ideas or behaviors generated
from interaction between a person’s thinking and socio-cultural context
(Csikszentmihalyi, 1996)” (Kim et al., 2016, p. 39). These ideas in this passage can
be closely connected to person (capacity), product (to produce), process (behavior and
thinking), and press (interaction in socio-cultural context).

Summarizing this notion of creativity, we see that statements with the collections of
characteristics in the four examples quoted above seem to occur relatively frequently.
They serve as a description rather than as a precise working definition, and this notion
is not easy to operationalize methodologically. These lose and vague descriptions once
again illustrate how broad the descriptions of creativity are. Interestingly, besides the 19
definitions included in this notion, there were rather few statements describing a closed
list of specific properties (16 component statements). An example is a statement by Leu
and Chiu (2015, p. 41): “The creative process [...] can be categorized into fast
(automatic) and effortful (logical) thinking (Allen & Thomas, 2011).”More statements
are describing a loose collection of properties (75 description statements). Here, a plain
example comes from Leu and Chiu (2015, p. 41) “Creative behaviors in general
creative thinking may include both cognitive [...] and affective [...] components
followed by the creative process of frame construction, situation consideration, learner
understanding, and stream negotiation (Newton, 2013).” This could be due to the fact
that no distinct theoretical foundation is referred to within this notion, and thus, the
composition of individual characteristics of creativity is diverse. This great diversity is
also reflected in the geographical spread—research groups from all over the world refer
to this notion in their statements.

Residual Category

Thirty-four of the coded statements could not be assigned to one of the above-
mentioned notions for two reasons: either they were referring to more than one of the
above-mentioned notions or there were too few related statements (less than five), so no
notion was created. In the following paragraphs, we give examples of these
uncategorized ideas.

The following statement by Sitorus and Masrayati (2016, pp. 112—113), for exam-
ple, shows aspects of several notions of creativity: “Creativity is the act of conscious
and unconscious thinking process that underlies scientific discovery, artistic originality,
and inspiration, that has four standard indicators, namely: fluency, originality, flexibil-
ity, and elaboration (Guilford, 1967; Koestler, 1964; Siswono, 2004; Wallas 1926).”
This statement focusses on processes in the sense of Rhodes (1961). However, it is a
kind of hybrid: the interplay of conscious and unconscious thinking refers to the
notions of creativity as a sequence of stages, with a theoretical background in
Hadamard, and the indicators refer to the notion of creativity as flexibility, fluency,
and/or other characteristics, which is connected to Guilford and Torrance.

Another example focuses on flexibility can be found in Chen et al. (2016, p. 248),
which emphasizes mental flexibility as a key component of creativity and state, “for
example, Krutetskii (1976) defined mathematical creativity as mental flexibility that
enables students to think outside the box and apply novel approaches to solve problems
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(Haylock, 1985, 1987, 1997; Sriraman, 2004).” In Rhodes’ sense, this statement
emphasizes the process aspect. Here, creativity is described as inherently related to
problem solving. However, there were not enough statements referring to the aspect of
mental flexibility to constitute a separate notion. The same limitation applies to the
following statement, which is also about flexibility. However, here it is represented as a
component together with knowledge. In the article by Leikin and Lev (2013), a
statement from the category components was extracted: “Kwon et al. (2006) proposed
two major components of mathematical creativity: the creation of new knowledge and
flexible problem-solving abilities” (p. 185).

A few statements clearly go back to Haylock’s model of overcoming fixation and
divergent production. Thus, Huang et al. (2017, p. 7) write: “On the other, Haylock
(1987a, 1987b, 1997) argued that mathematical creativity includes two important
components: overcoming fixation (OF) and divergent production (DP).” Overall,
however, too few statements with this content orientation could be found, so that they
do not (yet) represent an own notion.

Further Remarks

In addition to the statements that are strongly related to theory, we identified a number
(specifically 62) of different statements. These are not (and this is the difference to the
residual category) based on an underlying theory about creativity, because they do not
describe creativity itself: Thus, they cannot form a notion. However, they do describe
scopes for all the notions we found and are hence of interest. In particular, we found
that creativity could either be regarded as domain-general or domain-specific. For
instance, Peng et al. (2013, p. 53) suggest a distinction between domain-general and
domain specific: “domain-general means that a creative individual can extract his/her
creativity in any domains, whereas domain-specific means that an individual can only
extract his/her creativity in a certain domain [...] (Hong & Milgram, 2010; Silvia,
Kaufman, & Pretz, 2009).”

Synthesis and Discussion

The article presents a systematic, configurative, and inductive literature review (see
Gough et al., 2013) of notions of creativity in current empirical mathematics education
research. An advantage of such a systematic literature review is the transparency of the
methodological approach. In addition, the parameters for the search for relevant
literature allows for all relevant literature—that met our parameters exactly—to be
found and included, which prevents articles from being overlooked. With the help of a
systematic approach, we were able to identify five predominant notions with varying
significance with regard to theoretical foundations and usage (temporal and geograph-
ical): (1) The notion of creativity through fluency, flexibility, and/or other character-
istics that can be traced back to Guilford (1956) and Torrance (1974), (2) the notion of
creativity as divergent thinking, which also goes back to Guilford, (3) the notion of
creativity as a sequence of stages, which has its origins in mathematics (Hadamard,
1945), (4) the notion of creativity as creative mathematical reasoning, a newer idea that
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can be traced back to Lithner (2008), and (5) the person-, product-, process-, and/or
behavior-based notion of creativity.

At this point, shifting the focus to the relationships between the different notions is
worth considering. As shown above, the clearest connection can be drawn between the
notions of creativity as (1) fluency, flexibility, and/or other characteristics and as (2)
divergent thinking. Here, the obvious element of connection can be found in the
historical roots of Guilford’s work. In his Structure of Intellect Model, Guilford
distinguishes, among other things, between divergent and convergent thinking and
emphasizes the importance of both ways of thinking for creativity. In more detail, the
essential factors for divergent thinking are the facets fluency, flexibility, originality, and
elaboration. Although both aspects can be traced back to the same origin, considering
them as separate notions seems to reflect better their different use in the theoretical
discussion around current creativity research in mathematics education: With a focus
on fluency, flexibility, and originality, products are mostly seen as a matter of assessing
creativity. Divergent thinking, on the other hand, refers primarily to processes or
characteristics of people and is more concerned with characterizing creativity. Interest-
ingly, the notion of (4) creative mathematical reasoning also ties in with this history, but
in a slightly more implicit way. Already the introductory statement described creativity
as “a reasoning sequence [...] that is sufficiently fluent and flexible” (Jonsson et al.,
2014, p. 22) and therefore relates to notion (2). In the background literature, this
reference is more explicit (though rarely found): “The framework of this paper amal-
gamates Haylock’s and Silver’s views and sees fluency, flexibility and novelty as key
qualities when distinguishing creative reasoning from imitative reasoning” (Lithner,
2008, p. 7). Although Guilford is not referred to in this quote, the connection is clearly
recognizable. The notion of (3) creativity as sequence of stages originates from
mathematics and, thus, shows no connection to the above notions. The perspective of
the person-, product-, process-, and/or press-based view (4Ps) represents a unique
position since it has a twofold function: On the one hand, it stands transverse to the
other notions, since other notions can also implicitly address different addressees, and
on the other hand, it represents a (4) notion of its own by addressing special properties
of one or more of the 4Ps.

As compared to previous overviews of research on creativity in mathematics
education (e.g. Sriraman, 2009), this article’s contribution lies in the identification of
different notions as well as the examination of the respective underlying theories since
it does not compare the literature to date in a meta-perspective way (e.g. previous
reviews have been organized according to approach, such as psychometric or mystical).
Our review organizes the contents of current research according to the notions of
creativity, the respective background, and their usage and significance in empirical
research. Of course, this article cannot illuminate the notions and respective theoretical
backgrounds and origins in all detail; however, the overview provided in this article
may offer a first point of entry into the research field of creativity in mathematics
education.

In publications both included in and excluded from this literature review, it is
consistently stated that the concept of creativity is wide-ranging (Mann, 2005; Pitta-
Pantazi, 2017; Sriraman et al., 2014). There are also statements we found in our
analysis that explicitly emphasize the large number of definitions, such as the following
statement by Leikin and Lev (2013): “Mann (2006) argues that there are more than 100
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contemporary definitions of creativity” (p. 184). In addition, in the analysis portion of
this article, the wide variety of definitions becomes apparent explicitly—particularly in
articles discussing the different combinations of the addressees of creativity, which we
analyzed here with the 4 Ps of Creativity (see Rhodes, 1961). However, in the coding
stage of the analysis, we noticed that there were some statements that at first glance
were attributed to a person, but in further specifications, product-based characteristics
were added. There seems to be a variety of interrelations and implicit causalities, such
as the inference of a connection between creative products to creative people. This can
easily lead to confusion and even misinterpretation. Based on this study, we would like
to emphasize and encourage researchers to be sensitive and careful when drawing such
inferences, to make these connections as transparent as possible, and to underpin them
argumentatively.

Of course, there are some limitations to the findings, as our review could only be
made under certain conditions. (1) There may be differences between the propositional
content of the statements presented and the authors’ conceptualization of creativity. The
analysis of the statements is only intended to catalog what notions are mentioned and
named. Individual statements are neither representative of the whole article included in
our review nor of the respective authors’ opinions. In addition to this point, it should be
noted that we did not include any statements in the analysis that were not referenced.
Thus, it is conceivable that the respective author’s own contributions to theory devel-
opment were omitted in our analysis. However, if such theoretical developments were
then referred to in further publications (and thus include a reference to their origin),
they were coded and included in our analysis and thus included in our review. (2) Our
results are only valid in light of the framework conditions mentioned above. An
extension of the time period, the inclusion of further journals, and the inclusion of
books or conference proceedings could help to add to the resulting findings. The same
applies to the analysis of the empirical parts of the articles. In the present review, only
the statements from a portion of the articles were coded, up to the research question or
the methods, respectively. In addition to the findings with respect to our research
question, there are methodological outcomes of this review. Our approach contributes
to further establishing the method by Gough et al. of systematic reviews in the field of
mathematics education.

Looking at the trends that can be identified within the notions of creativity, different
developments can be seen. The notion of creativity through fluency, flexibility, origi-
nality, and/or other characteristics originally were intended for the pure exploration
and assessment of creativity. After the TTCT was adopted to the field of mathematics
education research, the main focus was on the investigation of the relationship of
creativity to abilities and giftedness (Kattou et al. 2013; Kontoyianni et al. 2013; Leikin
& Lev, 2013). We see that researchers continue to investigate the potentials and
challenges of assessing creativity in light of this notion (Levenson et al., 2018;
Liljedahl & Rott, 2017; Schindler et al., 2018). In recent works, so-called Multiple
Solution Tasks (MSTs, Leikin, 2009), originally intended to capture the concept of
creativity on the basis of this framework, have also been used to address so-called
“authentic” tasks, real-world situations, and “extreme” tasks, which lead to conceptual
changes (Ronen, 2018). In creativity research, MSTs have become an established
activity. Schindler and Lilienthal (2020), for example, use an MST to investigate
mathematical creativity as a process in its phases—and connect MSTs to stage models
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of the creative process such as the ones offered by Wallas (1926) and Hadamard
(1945).

The research related to the notion of creativity as a sequence of stages (with 16
statements referring to Hadamard’s conceptualization) is less extensive than research
on the notion of creativity through fluency, flexibility, originality, and/or other char-
acteristics (here, 22 statements were found). Although the historical roots of the stage
theories are inherent in mathematics, their use in empirical research is not yet
established. One reason may be the difficulty to investigate the creative process in
situ—which is methodologically challenging. Yet, one promising methodological tool
to investigate the creative process in its phases has been used by Schindler and
Lilienthal (2020). They illustrate how the analysis of students’ eye movements, togeth-
er with retrospective, stimulated-recall interviews, can shed light on the phases of the
creative process, especially incubation (and what they call “mini-incubation”). Eye-
tracking has recently also been used in research on the notion of creativity as creative
mathematical reasoning (Norqvist et al., 2019). The emerging use of eye tracking in
research on creativity in mathematics (see, e.g. Schindler & Lilienthal, 2017a;
Schindler et al., 2016) reflects the perceived opportunities scholars see in this method
for investigating mathematical creativity from a process view, as described by
Schindler and Lilienthal (2017b).

Finally, we hope that the review we provided in this article will help researchers to
navigate the diverse field of research on creativity in mathematics education research.
This overview may help orient researchers who conduct empirical research on creativ-
ity in mathematics and may even help the field to systematically develop further, to
counteract the “fog in talk about creativity” (Rhodes, 1961, p. 307), so that, in
perspective, the creative works and processes of students could be looked at more
precisely and specifically.
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