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Abstract. Creativity has emerged as an important 21st-century competency. Although it is tradi-
tionally associated with arts and literature, it can also be developed as part of computing education.
Therefore, this article -presents a systematic mapping of approaches for assessing creativity based
on the analysis of computer programs created by the students. As result, only ten approaches re-
ported in eleven articles have been encountered. These reveal the absence of a commonly accepted
definition of product creativity customized to computer education, confirming only originality as
one of the well-established characteristics. Several approaches seem to lack clearly defined criteria
for effective, efficient and useful creativity assessment. Diverse techniques are used including ru-
brics, mathematical models and machine learning, supporting manual and automated approaches.
Few performed a comprehensive evaluation of the proposed approach regarding their reliability
and validity. These results can help instructors to choose and adopt assessment approaches and
guide researchers by pointing out shortcomings.

Keywords: creativity, product creativity, assessment, computing, programming, systematic
mapping.

1. Introduction

In today’s rapidly changing digital society, creativity is considered one of the main 21st
century competencies essential for professional and personal success (Kaufman and
Beghetto, 2009; Voogt and Roblin, 2012). Consequently, developing students’ creativity
from an early age has become a dominant concern (Voogt and Roblin, 2012; Beghetto,
2010). Diverse curriculum frameworks also explicitly express the need for K-12 schools
to foster creativity (P21, 2020; ISTE, 2020; Voogt and Roblin, 2012). Supplying stu-
dents with opportunities to engage in creative ways can help them to develop the capaci-
ties to undertake work that cannot easily be automated and address increasingly complex
challenges with out-of-the-box solutions (Sternberg, 2015).



20 N. da Cruz Alves, C. Gresse von Wangenheim, L.H. Martins-Pacheco

And, although, creativity is traditionally associated with arts, music, and literature,
it can also be developed as part of other knowledge areas, such as computing, for which
design, research, and innovation are required (Bennett ef al., 2011). Teaching the solu-
tion of computational problems by creating novel and appropriate/useful computer pro-
grams can allow students to express their ideas (Romero ef al., 2017). Computing may
also nurture competencies, such as imagination, visualization, abstraction, to solve prob-
lems creatively (Clements and Gullo, 1984; Yadav and Cooper, 2017; Grover and Pea,
2013) while, on the other hand, creative skills enhance solving algorithmic problems,
creating computational artifacts, and developing new knowledge (Shell ef al., 2014). In
K-12 education, this is typically introduced by teaching the development of computer
programs using visual block-based programming languages, such as Scratch, BYOB/
Snap! or App Inventor (Lye and Koh, 2014). In order to stimulate creativity, program-
ming activities are often posed as open-ended ill-defined problems in a constructivist
context adopting a problem-based and design-based learning strategy as “learning-by-
making” (Bjogvinsson ef al., 2012).

Yet, a critical dimension of education is assessment in order to measure to which
regard learning objectives have been achieved expressed as grades as well as a feedback
mechanism to guide the learning and the teaching process. However, assessing creativ-
ity is challenging (Henriksen ef al., 2015). Especially in the context of problem-based
learning, performance assessments can be conducted concerning the creative product as
one crucial strand of creativity (Rhodes, 1961), representing the outcome of the learning
process by the students (Ritchie, 2001). Such assessments typically measure whether
the properties assigned to creative products are present in the outcomes and to what
degree.

Although product creativity is commonly defined in terms of novelty and appro-
priateness (Jackson and Messick, 1964), thus, regarding how much a product differs
from the norm and meets the practical needs of the problem situation, there exists no
single definition of creativity. Frequently other terms such as style, including “organic,
well-crafted, elegant” (O’Quin, 1987) and transformation, which refers to “some objects
combine elements in ways that defy tradition” (Jackson and Messick, 1964) are also
used in the definition of product creativity.

Yet, a question is which approaches exist for assessing creativity based on computer
programs as outcomes of computing education. And, although there exist already a vari-
ety of reviews on creativity assessments, they are mostly targeted on general approaches
to measure creativity and not focusing on specific strands (Said-Metwaly et al., 2017).
Bolden et al. (2019) and Snyder et al. (2019) provide overviews of the assessment of
creativity in any discipline in K-12, not targeting specifically on computing education.
Very few reviews are related to creativity in the context of computer science, analyzing
approaches for leveraging creativity in agile requirements software engineering (Aldave
et al., 2019) and individual creativity support systems (Wang and Nickerson, 2017).
However, these reviews in the computing context typically do not focus on an educa-
tional perspective nor specifically on the product.

On the other hand, reviews on assessments based on the analysis of computer pro-
grams typically focus only on computational thinking concepts, not covering creativity
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(Araujo et al., 2016; Alves et al., 2019; Cutumisu et al., 2019). Other studies such as
Clements (1995), Scherer et al. (2019) focus on the effects on process creativity by
learning computer programming, rather than concentrating on product creativity mea-
surement. Typically, psychological tests such as the Torrance Test of Creative Thinking
(TTCT) are used in these studies to assess creativity with respect to the creative process
and not the product (Scherer et al., 2019).

Thus, despite the recognition of the importance of assessing creativity in the con-
text of the creative product created as an outcome of computing education, a detailed
overview on how to design such assessments in a reliable, valid way useful to both
learners and teachers is currently inexistent. Therefore, we aim at advancing the un-
derstanding of how assessment can support and promote creativity in the classroom
before mentioned context by performing a systematic mapping study. The results of
the study can help instructors to systematically choose and adopt effective assessment
approaches, as well as guide researchers by pointing out shortcomings in the existing
approaches.

2. Background

2.1. Measuring Creativity

While there are many definitions of creativity, there are also disagreements leading to
a lack of a standard definition and an inconsistent understanding (Walia, 2019). Yet, as
creativity is multidimensional and can be represented from different perspectives, the
way it is defined influences how to measure and assess creativity (Walia, 2019).

Creativity is generally defined in terms of the capacity to generate new, original, or
surprising ideas and solutions (Walia, 2019). A creative idea or product is considered
original if it represents something novel or surprising that did not exist before (Runco
and Jaeger, 2012). However, novelty alone does not make something creative. Creative
ideas or products also have to include an underlying value and usefulness, providing
solutions that are appropriate, functional, correct, and valuable (Jackson and Messick,
1964). Most definitions of creativity, thus, identify originality and appropriateness as
key characteristics of creative outcomes (Besemer and Treffinger, 1981; Runco and
Jaeger, 2012). Beyond these common characteristics, several definitions also consider
additional elements. Examples include “wholeness”, considering aesthetic dimensions,
situated within the work’s specific context as proposed by Mishra and Henriksen (2013),
detail and elegance (Besemer and Treffinger, 1981), among others.

Aiming at a better understanding, diverse researches have also proposed ways to
structure the definition of creativity. Among those is Rhode’s (1961) widely recognized
Four P’s framework for creativity (Fig. 1):

e Person refers to the individual that is performing the creative act. This includes the
personality and various traits and attitudes of the creative individual as well as the
individual’s creative potential.
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Relationship between human beings
and their environment, kinds of
forces playing upon in individuals.

Motivation, perception, . . Tangible ideas in the form of
learning, thinking, B2 f0]8{=k Creat“"ty words, paint, clay, metal, stone,
communicating, etc. fabric, or other material, etc.

Personality, intellect, temperament,
physique, traits, habits, attitudes, value
systems, self-concept, behavior, etc.

Fig. 1. 4Ps: Creativity strands (Rhodes, 1961).

e Process refers to the mental processes during creative endeavors involving the
learning, thinking, and communication of ideas as well as the tools and strategies
employed.

e Product refers to the tangible outcomes of the creative process (i.e., works of art,
writings, computer programs, etc.).

e Press refers to the environment, setting, in which creativity takes place and
whether the environment favors the relationship with the individuals regarding
creativity.

While all four aspects of the framework play a role in understanding creativity, the
analysis of the creative product as one strand may allow insights on the concept of cre-
ativity as a whole. Thus, although, the assessment of creativity cannot be confined to the
point of view of the product (Ritchie, 2001), it certainly represents a vital part to pro-
vide “a means for establishing referents for the concept ‘creativity’ through a systematic
evaluation of things which people produce” (Skager ef al., 1966).

2.1.1. Product Creativity

In this respect, a product-based approach measures whether the properties typically as-
signed to creative products are present in the outcomes and to what degree. Yet, again,
there does not exist a conclusive set of these criteria, although the criteria for measuring
creative products have been widely discussed (Besemer and Treffinger 1981; Ranjan
et al., 2018). Originality, appropriateness, and condensation are considered by most au-
thors as the most important characteristics of a creative product, often using varying
terms (Table 1).

There are others characteristics defined by some authors that represent extreme
forms of the characteristics presented in Table 1, such as transformation, which refers to
combining “elements in ways that defy tradition and that yield a new perspective” and
“forces us to see reality in a new way” (Jackson and Messick, 1964). However, these can
be grouped with the core characteristics, for example by understanding transformation
as an extreme form of originality as being a revolutionary product “that it forces a shift
in the way that reality is perceived” (Besemer and Treffinger, 1981).
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Table 1

23

Characteristics and other terms widely used for the definition of product creativity

Characteristic

Description

Synonyms used

Originality

Appropriateness

Condensation

refers to a product “level of surprisingness, and its
projected germinal qualities (characteristics related to
perceived influence in suggesting spin-offs or other new
products)” (O’Quin, 1987). And to the extent of “newness
of the product: in terms of the number and extent of new
processes, new techniques. new materials, new concepts
included” (Besemer and Treffinger, 1981).

“measures the extent to which a product meets the practical
needs of the problem situation” (O’Quin, 1987). “To be
appropriate a product must fit its context. It must “make
sense” in light of the demands of the situation and the
desires of the producer” (Jackson and Messick, 1964).

refers to “the fact that sometimes the initial design is
elaborated and made more complex through working
out the solution and other times (or simultaneously) the
design may be refined and made simpler” (Besemer,
2000). “ It considers the aspects of style or production
values” (O’Quin, 1987). “In the highest forms of creative
condensation the polar concepts of simplicity and
complexity are unified” (Jackson and Messick, 1964).

Novelty; Unusualness;
Surprisingness; Newness;
Uniqueness; Germinal;
Divergent; Infrequency;
Revolutionary;
Transformational

Resolution; Usefulness;
Valuable; Adequate; Logical;
Relevant; Significant;
Meaningfulness; Workable;
Worthiness; Effective;
Correctness

Elaboration and Synthesis;
Style; Elegance; Completeness;
Standardization;
Sophistication; Subtle; Deft;
Attractive; Engaging; Organic;
Well-crafted; Complex; Care;
Effort; Wholeness; Just right;
Refined; Expressive

2.2. Assessment of Product Creativity

In everyday life, assessing creativity happens naturally, but in the classroom, it must
move beyond such subjective measurements (Mishra and Henriksen, 2013). And, al-
though some assessment approaches are considered “golden standards”, such as the Tor-
rance Tests of Creative Thinking, a psychological measurement of an individual’s di-
vergent thinking, they may provide little practical use in the classroom (Kaufman et al.,
2016). Especially when considering assessment in active learning environments using
problem- and design-based strategies following a constructionist theory, it becomes
clear that measuring the outcomes of these practical learning experiences plays a crucial
role and has the potential to be highly authentic (Bialik ef al., 2016). In this context,
an alternative widely used is the assessment of product creativity seeking to evaluate
the outcomes of the creative process created by the students (Long, 2014; Mishra and
Henriksen, 2017). These “products” in the context of computing education are typically
computer programs, such as games or mobile applications.

This kind of assessment typically focuses on an analysis of the product to measure
the creativity of the output by some standard, verifiable (reliable) measure (Table 2).
Many approaches use a scale, such as the Student Product Assessment Form (SPAF)
(Renzulli and Reis, 1991). The SPAF uses a 5-point ordinal rating scale (from poor to
outstanding) to analyze creativity criteria related to quality, care, attention to detail, ap-
propriateness, and originality (Renzulli and Reis, 1991). O’Quin and Besemer (1989)
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Table 2

Characteristics related to product creativity in literature

Originality related Appropriateness related Condensation related References
characteristics characteristics characteristics
Novelty Resolution Elaboration and Synthesis O’Quin and
Besemer, 1989
Novelty Resolution Style Besemer, 2000
Originality & Meaningfulness Condensation Haberland and
Reformulation Dacin, 1992
Unusualness & Appropriateness Condensation Jackson and
Transformation Messick, 1964
Infrequency Complexity, Effort, Ward and
Attractiveness Warren, 1971
Originality Technical goodness Aesthetic appeal Westberg, 1996

Originality of the Idea, Achieved Objectives Stated in Plan, Care, Attention to Detail, Renzulli and
Original Contribution ~Advanced Familiarity with Subject =~ Quality Beyond Age/Grade  Reis, 1991
Level, Time, Effort, Energy

Novel Effective Whole Mishra and
Henriksen, 2013

Custom (expert panel) Custom (expert panel) Custom (expert panel) Amabile, 1982

developed the Creative Product Semantic Scale based on the Creative Product Analysis
Matrix (CPAM), considering three main criteria: novelty, resolution, and elaboration &
synthesis. Mishra and Henriksen proposed a similar approach to assess novel, effective
and whole (NEW) characteristics of creative products (Mishra and Henriksen, 2013).

Yet, in the context of open-ended assignments in problem- and design-based learn-
ing, these judgments become more complex and difficult, leaving educators to subjective
assessments (Dousay, 2018). This may lead to inaccurate results, especially by interdis-
ciplinary educators that may lack competence for accurate assessment of computer pro-
grams. In this context, one of the most popular is the Consensual Assessment Technique
(CAT) (Amabile, 1982) that relies on a panel of expert judges (instructors or peers) to
assess the creativity of the product and analyze several different characteristics depend-
ing on the panel aiming at consensus (Table 2).

Comparing existing product assessment approaches, differences concerning the as-
sessment criteria become obvious (Long, 2014) (Table 2). However, the reliable and
valid definition of these criteria is essential to measure creative products and identify
what makes them different from non-creative products.

2.3. Creativity in Computing Education

While creativity is traditionally associated with arts, music, and literature, it can likewise
be developed as part of other knowledge areas, such as computing (Bennett ez al., 2011).
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Computing is recognized as a creative human activity that allows the exploration and
creation of knowledge, enables innovation and allows individuals to deploy technology
towards creating novel artifacts (Mishra and Yadav, 2013).

Teaching computing in school focuses typically on computational thinking aiming
at expressing solutions as computational steps or algorithms that can be carried out
by a computer (CSTA, 2016). It involves solving problems, designing systems, and
understanding human behavior by drawing on the concepts fundamental to computer
science (Wing, 2006). Computational thinking has also been linked to creativity and
innovation, as it provides learners with the opportunity to express their ideas and create
innovative programs to new and unexpected problems (DeSchryver and Yadav, 2015).
Computational thinking may nurture competencies, such as imagination, visualization,
abstraction, to creatively solve problems and applying computational thinking prin-
ciples in problem-solving (Yadav and Cooper, 2017), while, on the other hand, creative
skills enhance solving algorithmic problems, creating computational artifacts, and de-
veloping new knowledge (Shell et al., 2014).

Moreover, the creative use of digital technologies to solve diverse problems engag-
es students in an active design and creation process using computational concepts and
methods (Romero et al., 2017). By moving from computational thinking to computa-
tional making (Rode ef al., 2015), computing education in K-12 allows students to learn
to create, test and refine computer programs (Shute ef al., 2017; CSTA, 2016; Lye and
Koh, 2014), enabling them to creatively express themselves, concretize their ideas, and
develop diverse and innovative ways to build and to learn (Clements, 1995; Grover and
Pea 2013). In this respect, creativity is one of the keys to respond common challenges
in the development of computer programs today (Robertson, 2005), as programming is
not only about writing computer programs but also about competencies:

e To analyze context and requirements (Robertson, 2005).

e To ideate novel, useful and technically feasible solutions (Romero et al., 2017).

e To design a computer program by modeling data and architecture (Gu and Tong,
2004).

e To design a usable and visually attractive user interface (Rode et al., 2015; Fer-
reira et al., 2019).

e To implement and test code (Glass, 1995).

Thus, in this context, creativity can be seen as an ability to apply imagination to cre-
ate a computer program that is judged to be novel and appropriate, useful, and valuable
providing solutions to practical problems (DeSchryver and Yadav, 2015).

Many computing education initiatives in K-12 introduce algorithms & program-
ming concepts by using visual block-based programming languages, such as Scratch,
BYOB/Snap! or App Inventor (Lye and Koh, 2014). Programming activities are of-
ten posed as open-ended ill-defined problems in a constructivist context adopting a
problem-based and design-based learning strategy (Bjogvinsson et al., 2012). Thinking
of it as “learning-by-making””’ driven by the maker movement, this creative computing
approach inspires learners to create their outcomes engaging them in the construction
of digital and tangible artifacts through the use of technologies (Rode ef al., 2015;
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Brennan et al., 2019). And, in order to provide students with the opportunity to do
computing in ways that have a direct impact on their lives and their communities, often
a perspective of computational action (Tissenbaum et al., 2019) is adopted focusing
on real-world problems usually in an interdisciplinary way (Dousay, 2018). These ac-
tivities aim to stimulate the development of higher-order thinking competencies not
prescribing a correct or best solution in advance and give students more freedom to
choose abstract concepts for creating a solution. As a result, students create their own
animations games or mobile applications to solve real-world problems providing op-
portunities for students “to extend their creative expression to solve problems, create
computational artifacts” (Yadav and Cooper, 2017).

3. Definition and Execution of the Systematic Mapping Study

In order to elicit the state of the art on approaches for assessing product creativity (or
some of its characteristics) based on the analysis of computer programs developed by
students in an educational context as an outcome of the learning process, we performed
a systematic mapping following the procedure defined by Petersen ef al. (2015).

3.1. Definition of the Review Protocol

Research Question. Which studies exist for the assessment of product creativity, or
some of its characteristics, of computer programs in the educational context?
We refined this research question into the following analysis questions:

AQ1. Which studies exist and for what kind of product and educational stage?
AQ2. What is the definition of the product creativity characteristics being assessed?
AQ3. How are these creativity characteristics analyzed?

AQ4. What is the context and sample size of the application of the approach?

AQS5. If, and how the approach has been evaluated?

Data source. We examined all published English-language articles that are available
on Scopus, the largest abstract and citation database of peer-reviewed literature, includ-
ing publications from ACM, Elsevier, IEEE and Springer with free access through the
Capes Portal'.

Inclusion/exclusion criteria. We considered only peer-reviewed English-language
articles that present a form of assessment of product creativity, or some of its char-
acteristics, based on the analysis of computer programs. Here we understand assess-
ment to a wide extent, including any kind of measurement or analysis of the creative
product in an educational context, considering also approaches that not necessarily

! A web portal for access to scientific knowledge worldwide, managed by the Brazilian Ministry on Educa-
tion for authorized institutions, including universities, government agencies and private companies
(www.periodicos.capes.gov.br).
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include grading and/or a feedback mechanism. We only consider studies within an
educational context. Due to the sparseness of research in this area, we include ap-
proaches to all educational stages. We consider articles that have been published until
December 2019.

On the other hand, we exclude studies that assess creativity only related to other
strands of creativity than the product. Thus, studies focusing exclusively on press, per-
son, and process creativity are excluded. We consider only articles that present substan-
tial information to enable the extraction of relevant information regarding the analysis
questions, and, therefore, abstract-only or one-page articles are excluded.

Definition of the search string. Following our research objective, we define the
search string by identifying core concepts, also considering synonyms, as indicated in
Table 3. The term creativity is chosen, as it expresses the main concept to be searched.
As originality is one characteristic widely accepted in the field (Runco and Albert,
2010) we choose to use it as a synonym of creativity to broaden the search results.
Although originality alone is not sufficient to classify a product as being creative, in-
dependently of what other positive qualities it may have, it is generally considered an
important characteristic for a creative product to possess (Jackson and Messick, 1964).
We do not use other synonyms of originality such as novel, infrequency or unusual-
ness, as these terms are used in many contexts with meanings unrelated to creativity.
We also focus the search on the keyword assessment, including synonyms that are
commonly used in the educational context. Keywords related to educational context
are chosen to limit results to this specific context. Considering our focus on computing
education, specifically the assessment of product creativity based on computer pro-
grams, we also include terms related to this domain. We use computational thinking as
a synonym for programming/coding. And, although computational thinking covers a
much wider field than just programming and coding, it is frequently used as a synonym
to these terms in the literature (Armoni, 2016). We use wildcard characters to cover
as many variations of the terms as possible, such as creativ* representing “creative”
and “creativity”.

Using these keywords, the search string has been calibrated and adapted in confor-
mance with the specific syntax of the data source:

TITLE-ABS-KEY(( creativ®* OR original* ) AND ( assess* OR measur* OR
evaluat* OR analy* ) AND (“K-12” OR school OR education OR learning) AND
(coding OR programming OR ‘“computational thinking”))

Table 3
Keywords
Concept Keywords and synonyms
Creativity creativ*; original*
Assessment assess*; measur®; evaluat®; analy*
Educational context K-12; school; education; learning

Programming artifact oriented Programming; coding; computational thinking
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3.2. Execution of the Search

The search has been executed in January 2020 by the first author and revised by the co-
authors. As Scopus allows to filter results based on the field, we choose to exclude works
on unrelated fields such as Medicine (225), Biochemistry, Genetics, and Molecular Bi-
ology (185), Agricultural, Biological Sciences (158), Business, Management and Ac-
counting (156), Health Professions (34), Nursing (26), Economics, Econometrics, and
Finance (24), Pharmacology, Toxicology, and Pharmaceutics (13), Immunology and Mi-
crobiology (12), Dentistry (2), and Veterinary (1). In the first analysis stage, we quickly
reviewed titles, abstracts, and keywords of all filtered search results (1,837 articles) to
identify articles that match the exclusion criteria, resulting in 89 potentially relevant
articles. In the second stage, we analyzed the full-text of the pre-selected articles. We
found 11 articles that analyze product creativity based on computer programs created by
the students. All authors participated in the selection process and discussed the selection
of papers until a consensus was reached (Table 4).

Many articles have been excluded based on the analysis of their abstracts as they are
related to other fields such as video coding, artificial intelligence, deep learning, because
‘original’ is a term widely used to describe, for example, datasets. In addition, a large
number of articles using the term ‘originality’ with a different meaning only to indicate
the novelty of a study have been excluded. During the full-text analysis of the remaining

Table 4

Quantity of articles per selection stage

Initial search ~ Filtered search results Potentially relevant articles selected ~ Selected articles
results (Excluding works in unrelated  based on the analysis of title and based on full-text
fields) abstract analysis
2,473 1,837 89 11
4

Number of articles
N

2011 2013 2014 2015 2017 2018 2019
Year published

Fig. 2. Amount of articles presenting an assessment of product creativity based on pro-
gramming artifacts in the educational context per year.
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Table 5
Atrticles selected

ID Title Reference

1 Computing indicators of creativity Koh et al., 2011

2 Computing creativity: Divergence in computational thinking Bennett et al., 2013

3 Automated indicators to assess the creativity of solutions to programming Manske & Hoppe,
exercises 2014

4 An exploration of three-dimensional integrated assessment for computational Zhong et al., 2015
thinking

5 Suggesting a log-based creativity measurement for online programming learning Gal et al., 2017
environment
Identifying original projects in app inventor Mustafaraj et al., 2017
7  Computational thinking development through creative programming in higher Romero et al., 2017
education

8  Work in progress: Identifying and analyzing original projects in an open-ended ~ Turbak et al., 2017
blocks programming environment

9 What we can learn about student learning from open-ended programming Grover et al., 2018
projects in middle school computer science
10 Using Rubrics Integrating Design and Coding to Assess Middle School Basu, 2019

Students” Open-ended Block-based Programming Projects
11 Creativity in the acquisition of computational thinking Hershkovitz, 2019

articles, several have been excluded as they present approaches exclusively analyzing
creativity concerning other strands that are outside of the focus of our research, such as
press (Engelman et al., 2017), process (Perez-Poch et al, 2016) or person (Engelman
etal.,2017). As aresult, we identified a total of 11 articles relevant to our research objec-
tive (Table 5). All selected articles were published within the last nine years as shown in
Fig. 2, which also indicates the recent importance of this topic.

As Koh ef al. (2011) and Bennett et al. (2013) present the same approach: Compu-
tational Thinking Patterns (CTP) and creativity analysis through Computational Think-
ing Pattern Analysis (CTPA) (Koh ef al., 2011; Bennett et al., 2013), both articles are
grouped in the analysis.

4. Data Analysis

In this section, we present our findings for each of the analysis questions.

4.1. Which studies exist and for what kind of product and educational stage?

We found 11 articles describing 10 approaches, as two articles present the same approach
just from a different perspective (Koh et al., 2011; Bennett et al., 2013). The approaches
purposefully analyze a student’s program created as an outcome of the learning process to
assess creativity, identify characteristics of product creativity, and study its relationship
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with other concepts, e.g., computational thinking. In the computing education context,
the products assessed vary from games (Koh et al., 2011), solutions to well-defined pro-
gramming activities (Manske and Hoppe, 2014; Gal et al., 2017), mobile apps developed
in class and published to public galleries (Mustafaraj ef al., 2017; Turbak et al., 2017),
projects as results of creative programming activities (Romero et al., 2017) as well as
free-choice, open-ended projects (Grover et al., 2018; Basu, 2019). Some products are a
result of a well-defined activity (with a known solution in advance) or ill-defined activity
(without or with more than one known solution known in advance) (Table 6).

The analysis of creativity based on the students’ computer programs is provided for
diverse programming environments/languages, especially block-based visual program-
ming environments such as Scratch and App Inventor that are typically used for com-
puting education in K-12 (Fig. 3). Some studies are also conducted in a more generic
manner covering more than one programming environment/language, e.g., using rubrics
proposed by Basu (2019) or Grover et al. (2018).

The approaches target different educational stages. The majority of studies were de-
signed for some stage in K-12 education (Bennett ef al., 2013; Basu, 2019; Grover et al.,

Table 6

Products and activities for which they are designed

Product Type of educational activity ~ Examples

Open-ended Open-ended
well-structured ill-defined

Games, histories, etc. X Grover et al., 2018; Basu, 2019;
Romero et al., 2017
Game X Koh et al., 2011; Bennett et al., 2013
Solutions to online activities  x Manske & Hoppe, 2014; Hershkovitz, 2019;
Galetal., 2017
Creative design report X Zhong et al., 2015
Mobile apps X Turbak et al., 2017; Mustafaraj et al., 2017
2

172}

2

&

o

g 1

Qo

@©

G

2

€

p=)

Z 0

Scratch & App Inventor  Kodetu  AgentSheets JavaScript Alice Scratch
App Inventor
Programming environment/language

Fig. 3. Amount of approaches per programming environment.
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K-12 - Primary school
K-12 - Secondary school

Higher education

Online programming
activities

Educational stage

0 1 2 3
Number of approaches

Fig. 4. Amount of approaches per educational stage.

2018), while others target higher education (Romero et al., 2017; Mustafaraj et al., 2017;
Turbak et al., 2017) (Fig. 4). One approach uses as input data from a website that con-
tains a set of well-defined programming activities (Manske and Hoppe, 2014) without
clearly indicating the considered educational stage.

4.2. What is the Definition of the Product Creativity Characteristics
Being Assessed?

In alignment with the specific focus of this review, all articles focus on product creativity
only, except for the work by Hershkovitz et al.. (2019), which also analyzed characteris-
tics related to the creative process. One article does not inform which characteristics of
creativity were analyzed (Romero et al., 2017).

Detailing the specific characteristics of product creativity that are assessed, we ob-
serve that the most analyzed characteristic is originality, analyzing the newness of the
product. And, although, authors use different terms, such as novelty (Basu, 2019; Gro-
ver et al., 2018) or divergence (Bennett et al., 2013; Koh et al., 2011), they refer to the
same concept of originality. Grouping these terms, originality was analyzed by 8 of 10
approaches that informed the analyzed characteristics (Fig. 5).

Typically, originality is assessed by comparing the student’s computer program with
a specific set of computer programs. This set can contain all other student’s computer
programs (Gal et al., 2017), or pre-programmed solutions and patterns for well-defined
activities (Koh et al., 2011). The indicator of originality, novelty or divergence is then
measured by the extent to which the student’s computer program is different from this
set. Originality is also assessed by using more subjective criteria, as proposed by Grover
et al. (2018) and Basu (2019), having the instructor to assess computer programs on an
ordinal scale as “not very novel, some novelty, or very novel” (Basu, 2019).

The characteristic condensation seems to be fuzzier to assess than originality, as it
depends on the domain-specific interpretation (Manske and Hoppe, 2014). Different to
product originality that can be somewhat agreed on independently from the domain,
terms related to condensation, such as sophistication and elegance are very domain-
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Fig. 5. Creativity product characteristics analyzed in the selected studies.

specific without a general agreement outside specific domains. In this regard, in the
context of software engineering, elegance is measured using software metrics where
“experts infer a weighting and interpretation to these metrics” (Manske and Hoppe,
2014). Other terms related to condensation, such as completeness and standardization
are more straightforward to assess. For example, completeness is measured by verify-
ing if the computer program is completed and standardization if the computer program
follows some defined pattern or formatting rule (Zhong et al., 2015).

Appropriateness is assessed only by a few approaches. Manske and Hoppe (2014)
use the term usefulness and defined that it is achieved if the student’s computer program
is correct for the activity for which it was submitted (Manske and Hoppe, 2014). Basu
(2019) uses the term correctness in a similar way and defines more subjective assess-
ment criteria from “the programs contain several errors” to “program runs correctly
without error and the output is appropriate”.

4.3. How are these Creativity Characteristics Analyzed?

The approaches encountered in this mapping vary largely concerning the type of as-
sessment and methods and techniques used. With respect to whom performs the as-
sessment, we found instructor assessment using rubrics (Grover et al., 2018; Basu,
2019), expert assessment based on personal knowledge as input to automated assess-
ment (Manske and Hoppe, 2014) as well as automated assessment based on techniques
from computer science and mathematics (Koh et al., 2011; Bennett ef al., 2013; Gal
et al., 2017; Mustafaraj et al., 2017; Turbak et al., 2017). Studies that focus on the
relationship between creativity and computational thinking analyze characteristics of
the process rather than the product, using psychological tests, such as the Torrance
Tests of Creative Thinking (Hershkovitz et al., 2019). Half the approaches propose as-
sessment techniques that are performed manually, while the other half are automated.
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One way of assessing the creative product is by the instructor manually assessing the
outcome created by the students using rubrics (Fig. 6). Rubrics consists of a matrix of
criteria and performance levels for each criterion. Such rubrics typically contain one or
more criteria related to creativity or its characteristics (Fig. 6), e.g., novelty or originality
and condensation or engagement, along with the respective performance levels (Grover
et al., 2018; Basu, 2019; Zhong et al., 2015).

Using concepts of education, computer science, and mathematics, the approaches
analyze product creativity. In addition, the study presented by Hershkovitz et al. (2019)
also uses the TTCT test as a psychological instrument (Fig. 7) for measuring creativity
concerning the process strand.

Several approaches visioning the automation of the assessment adopt metrics with
machine learning models to assess creativity (Manske and Hoppe, 2014) or to identify
original projects (Turbak et al., 2017; Mustafaraj et al., 2017). Some apply machine
learning models, including regression methods, such as linear regression and support
vector regression (Manske and Hoppe, 2014), clustering methods, such as the Markov
cluster algorithm (Turbak et al., 2017) and the K-nearest neighbors’ algorithm (Musta-
faraj et al., 2017). The input for these algorithms included features gathered using sta-
tistical concepts, such as term frequency-inverse document frequency (TF-IDF) (Turbak
et al., 2017) and the Jaccard index of similarity (Mustafaraj et al., 2017). Some features
were defined using software engineering metrics, such as effective lines of code, visited
lines of code, and cyclomatic complexity (Manske and Hoppe, 2014). Abstract language
tokens (obtained during the lexical analysis phase) were also used for comparing dis-
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0 point 1 point 2 points 3 points
Pro Programs contains s \ Program runs without errors, but Prog: . Ay without
gram rograms contains severa Program contains a few errors the functionality and/or output is rogram runs correctly without,
Correctness errors . . . errors and the output is appropriate
inappropriate (semantic errors)
There are no comments or The source code is somewhat The source code is either fully e
Code N 3 N o N A N The source code is fully commented
& user instruction for running readable; it is partly or or has plete user H .
Readability : . . . and has complete user instruction
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Fig. 6. Example excerpt of the rubric proposed by Basu (2019).
v N ~ ~ ~ ™
( Education [ Computer Science Mathematics ‘ Psychology* ‘

Rubrics

* 4-point scale matrix

Machine Learning
* Regression

* Clustering

+ Classification

Statistics, Geometry

* Frequency, similarity
* Angles

Instruments

Example:
* Novelty performance
criteria .
* Fluency performance criteria .

Example:
* TTCT —Figural Test*

Example: Example:
Linear Regression
Markov Cluster Algorithm

K-Nearest Neighbors

e TF-IDF
* Cosine
* Jaccard index

* Creativity process

Fig. 7. Concepts used to analyze creativity product characteristics in the selected articles
(* related to the process strand).



34 N. da Cruz Alves, C. Gresse von Wangenheim, L.H. Martins-Pacheco

tances between artifacts using string metrics (Manske and Hoppe, 2014). In general, su-
pervised learning methods were used to train machine learning models to assess creativ-
ity (Manske and Hoppe, 2014), while unsupervised learning methods were adopted for
the identification of originality characteristic in projects (Turbak et al., 2017; Mustafaraj
etal.,2017).

Studying the relationship between computational creativity and computational think-
ing, Hershkovitz et al. (2019) use the Torrance Tests of Creative Thinking (TTCT) —
Figural Test to capture the creative process. The output from the TTCT is then compared
with the statistical infrequency of products, or solutions to programming exercises, cre-
ated by the students. The Computational Thinking Pattern Analysis (CTPA) uses math-
ematical concepts to analyze creativity divergence in the student’s programming solu-
tions compared to patterns previously defined (Bennett et al., 2013; Koh et al., 2011).
The authors used the cosine to provide a result regarding the difference between the tuto-
rial and the student’s computer program.

Regarding scalability, automation, and robustness, some approaches also use auto-
mated analysis such as the CTPA divergence analysis (Bennett et al., 2013; Koh et al.,

Table 7

Assessment techniques per product creativity characteristic

Characteristic Assessment Manual (M) or Example
technique Automated (A)
approach
Originality Education M Novelty criterion — 0 point: Not meeting minimal
(rubric criteria) requirements, 1 point: Not very novel, 2 points: Some
novelty, 3 points: very novel (Basu, 2019)
Computer A K-nearest neighbors algorithm with Euclidean distance
science (Mustafaraj et al., 2017)
Mathematics A Similarity calculated using cosine (Bennett et al.,

2013) and infrequency of solution among all solutions
(Hershkovitz et al., 2019)

Condensation Education M Engagement criterion — 0 point: Not meeting minimal
(rubric criteria) requirements, 1 point: Not very engaging, 2 points:
Somewhat engaging, 3 points: very engaging (Basu,
2019)
Computer A Software engineering metrics to measure elegance
science (Manske and Hoppe, 2014)
Mathematics A Not found
Appropriateness Education M Correctness criterion — 0 point: Programs contains
(rubric criteria) several errors, 1 point: Program contains a few errors, 2

points: Program runs without errors, but the functionality
and/or output is inappropriate (semantic errors), 3 points:
Program runs correctly without errors and the output is

appropriate

(Basu, 2019)
Computer A Usefulness is achieved by comparing the output with the
science desired output (Manske and Hoppe, 2014).

Mathematics A Not found
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Table 8

Assessment strategies for providing scores

Assessment strategy Reference

Math formula for assessing a score on divergence (originality) Bennett et al., 2013;
Koh et al., 2011

4-point rating scale for assessing scores on product creativity characteristics Grover et al., 2018;
Basu, 2019

Thresholds for rarity or complementary to 100% of the frequency of the solution ~ Hershkovitz et al., 2019;
among all the correct solutions for assessing a score on originality Gal et al., 2017

Labeling as original or unoriginal using Machine Learning models for assessing Mustafaraj et al., 2017;

originality Turbak et al., 2017

7-star rating scale by experts and as an input in Machine Learning models for Manske and Hoppe, 2014
assessing a score on product creativity

8 points for assessing scores on product creativity characteristics Romero et al., 2017
S-point rating scale for assessing scores on product creativity characteristics Zhong et al., 2015

2011) or the identification of originality in projects (Turbak et al., 2017; Mustafaraj
et al., 2017). The automated analysis allows anyone (including the students them-
selves) to assess the products quickly and receive instant feedback on their perfor-
mance (Table 7).

Regarding instructional feedback and grading, the approaches typically calculate a
score for the student’s computer program. Depending on the characteristic being as-
sessed, some approaches use rating scales with performance levels specifying more
complex product characteristics as the score increases. Others, such as Koh et al. (2011)
Bennett ef al. (2013), calculate the scores mathematically (Table 8). On the one hand,
approaches adopting machine learning classification models provide a result that indi-
cates if the computer program was classified as original or unoriginal, without assigning
a score. On the other hand, machine learning regression models provide a score based on
the expert rating scale in the datasets (Table 8). None of the approaches presents instruc-
tional feedback such as tips or suggestions to constructively guide the learning process
based on the assessment results.

4.4. What is the Context and Sample Size of the Application of the Approach?

The majority of the approaches were applied in face-to-face K-12 school classes
(Fig. 8), such as a middle school in a large urban school district in the Western US
(Grover et al., 2018), a primary school in Spain (Hershkovitz et al., 2019), and pri-
mary school in Changshu City of China (Zhong et al., 2015). Blended applications
with face-to-face and online classes were applied in the middle school context (Ben-
nett et al., 2013; Koh et al., 2011). Face-to-face university classes included a course
at Wellesley College in the US (Mustafaraj ef al., 2017) and the Université Laval in
Canada (Romero et al., 2017).



36 N. da Cruz Alves, C. Gresse von Wangenheim, L.H. Martins-Pacheco

Live K-12 school classes
Live university classes
Project gallery

Live and online K-12 school classes

0 1 2 3 4 5

Number of approaches

Fig. 8. Context of data (application) of the works presented in the selected articles.

Table 9

Sample size variations per educational stage

Context Subjects Sample analyzed
Face-to-face K-12 school classes ~80 to ~214 students ~80 to ~1332 projects
Face-to-face and online K-12 school ~296 students ~296 projects

classes (inferred from projects analyzed)

Face-to-face university classes ~16 to ~120 students ~120 to 902 projects

Project galleries ~6000 to ~260717 users (inferred) ~4099877 projects (inferred)

Some of the approaches have also been evaluated by using projects from repositories
providing support for the sharing of projects among students, from which solutions cre-
ated by students can be downloaded and analyzed. Here, specifically, the App Inventor
Gallery was used (Turbak et al., 2017) as well as the Project Euler (Manske and Hoppe,
2014) to obtain thousands of students’ projects.

The sample size varies from small samples in the university context (Mustafaraj
etal.,2017) and face-to-face classes (Hershkovitz et al., 2019) to large samples obtained
from online project galleries (Turbak et al., 2017; Manske and Hoppe, 2014). Some val-
ues were inferred based on the numbers provided by the authors, for example, Manske
and Hoppe indicate that Project Euler (online gallery) had 4099877 solutions in Novem-
ber 2012, yet do not explicitly state if all solutions were used for the analysis. Therefore,
we assumed that the sample size is equal to the number of projects by indicating this as
an inferred value in Table 9.

4.5. If, and How the Approach Has Been Evaluated?

Most articles do not present an evaluation of the approach, as this may have been
outside the scope of the articles. Furthermore, Hershkovitz et al. (2019) assume the
reliability and validity of the psychological test (TTCT) as the test has been widely
evaluated beforehand.

Exceptions are Basu (2019) for the evaluation of the defined rubric as well as Man-
ske and Hoppe (2014) and Mustafaraj et al. (2017) related to the machine-learning-
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based approaches proposed. Basu (2019) used Cohen’s kappa coefficient to analyze the
inter-rater reliability of the proposed rubric. A value of 0.9 was found by scoring dis-
crepancies among teacher’s scores. After computing the coefficient, teachers also scored
additional projects independently providing additional opportunity to refine the rubric
based on their feedback.

Manske and Hoppe (2014) performed a reliability evaluation on the agreement of ex-
pert assessments, which were used as an input to the proposed machine learning model.
Yet, the evaluation of the machine learning model did not provide meaningful results
due to the lack of agreement between raters. As raters used individual creativity defini-
tions in a not consistent way, this resulted in two different groups of agreement measured
via Krippendorff’s alpha coefficient, with low values (below 0.3) indicating no agree-
ment between raters. However, they found a high agreement within the specific theo-
rists-group from the educational context (Krippendorft’s coefficient 0.729) and medium
agreement within software engineering related experts from industry (Krippendorft’s
coefficient 0.552), indicating that the two groups can be separated in terms of assessing
product creativity.

Mustafaraj et al. (2017) analyzed the accuracy of the classification of original and
unoriginal projects regarding the Jaccard distance. They found an accuracy of 89% for
both classes using a 0.4 Jaccard distance. A value less or greater than this results in
diminishing the accuracy from one class, thus labeling it wrong, e.g. a more than 11%
original projects may be labeled unoriginal if the value for distance is not 0.4. This result
is particularly related to classification approaches for determining proper thresholds.

Some authors also mention some sort of evaluation of the proposed approaches with-
out providing further details. Grover et al. (2018) report joint discussions about a few
projects to establish interrater reliability yet without providing further information. Koh
et al. (2011) argued that the divergence calculation used in their approach is supported
by other data sources and that the validity of the approach demonstrates uniqueness in
three separate learning conditions.

Hershkovitz et al. (2019) compared the results from the TTCT test for creative think-
ing with the assessment of originality of the students’ computer programs to well-de-
fined problems. They found significant correlations between the two types of creativity
measures and in some cases “creativity in programming is positively associated with the
broad construct of creativity” (Hershkovitz et al., 2019).

5. Discussion

Considering the importance of creativity as a 21st-century skill, only very few assess-
ment approaches have been encountered in the context of computing education with ac-
tive learning strategies for assessing the student’s creative product. And, although there
exist already a considerable number of approaches for assessing computing education
in general, these mostly focus exclusively on computational thinking concepts and
practices (Moreno-Leon and Robles, 2015; Gresse von Wangenheim et al., 2018). Only
very few of them also include assessment criteria related to creativity on the strand of
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the product (Koh et al., 2011; Basu 2019), some of them in a superficial way as one
subjective criterion to be judged manually by the instructor or peer. Popular automated
assessment tools for assessing outcomes of computing education created with block-
based programming languages such as Dr. Scratch (Moreno-Ledon and Robles, 2015) or
CodeMaster (Gresse von Wangenheim et al., 2018) also do not assess creativity.

Analyzing specifically approaches for assessing product creativity of computer pro-
grams created by students as part of computing education, it becomes clear that the
definition of creativity strongly influences how approaches assess the product. Consid-
ering that the term depends on many variables, it is not sufficient to only define which
strand is being analyzed. This issue is further complicated through context-dependency
as characteristics analyzed can vary as well have different meanings for the same terms
in different contexts, for example, the usefulness of an app can be understood as if the
app allows the user to perform the desired tasks, while related to a game it can be seen
as if the game is pleasurable to play. In this context, it seems that originality is one of the
few well-established characteristics in the literature regarding product creativity.

Most of the approaches are not based on well-known product creativity assessment
models and simply use the term with a meaning of general common sense without pre-
senting an in-depth analysis of the field for defining what comprises the assessment of
product creativity. Some of the approaches focus on one product characteristic as a way
of assessing creativity, excluding other characteristics typically considered of general
product creativity assessment. As we also included originality in the search string, some
approaches that focus exclusively on originality (not on the “creativity” assessment) do
not assess creativity itself and aim at assessing originality as a singular construct, which
may not provide an in-depth analysis of creativity. Approaches that assess condensation
include those that define the term using well-known models as well as others defining the
concept only superficially. Terms used for condensation are completeness, elegance and
sophistication or engagement. Appropriateness is defined only by two approaches and,
again, one of them uses well-known models for its definition, while the other defines it
superficially. The two terms related to appropriateness are correctness and usefulness.

As the definition of creativity also depends on the specific context, the existing ap-
proaches tailor well-known product creativity assessment characteristics to the context
of computing education. Thus, the definition of each characteristic assessed is related
to computing concepts. Originality is typically customized by comparing the students’
computer programs to identify the frequency of different solutions. Condensation is cus-
tomized as a well-designed interface usability or software engineering metrics regarding
the software architecture of the computer program (Manske and Hoppe, 2014). Appro-
priateness is measured by comparing the output of the students’ computer program with
the desired output for well-defined activities (Manske and Hoppe, 2014). However, for
ill-defined activities so far there are only manual approaches that tailor creativity assess-
ment to assess usefulness depending on subjective criteria such as if the program runs
with many/few errors.

Only a few approaches explicitly define customizations, yet, lacking the indication of
a theoretic background for several definitions. This shows that it is imperative to move
towards a more precise definition of creativity in the context of computing education.
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This would provide a shared understanding of the construct as a basis for the design and
development of reliable and valid assessments.

Another issue is related to the object being assessed. In the context of product as-
sessments, the approaches encountered are based on the assessment of a single product
(in this case, computer programs). However, as typically creating a product includes
also creating other intermediate outcomes, it may be important to consider not only the
single end result of the learning process for the assessment but also these intermediate
outcomes, such as requirements specifications, the interface design and/or test cases in
the context of software development.

Half of the approaches encountered propose manual assessments, yet, these may
be biased and time-intensive to complete. This becomes especially problematic in the
context of large classes or Massive Open Online Courses (MOOCs). Even if manual
assessments provide a context tailored result, it may be impossible to provide constant
timely feedback throughout the learning process. And, although such manual assess-
ments can also rely on peers with results that align with instructor assessments reducing
the instructor’s assessment effort, they are still subjective and require substantial time
and organization (Miller et al., 2014). These reasons may limit the utility of manual ap-
proaches as the sole assessment alternative.

Yet, as creativity is complex and multi-dimensional it can be expressed in diverse
ways, just an automated assessment of computer programs may not be sufficient as a
single way to account for all its facets. Product-oriented approaches to the assessment
of creativity are sometimes criticized for under-representing the creativity of individuals
(Couger and Dangate, 1996). Thus, in order to capture creativity in a more comprehen-
sive way it may be beneficial to adopt diverse approaches, e.g., completing an automated
objective assessment of the product, through the manual subjective assessment by peers
and/or instructors. However, none of the approaches we encountered suggests such a
strategy. Only one approach compares the results of product assessment with the results
of the TTCT test, yet, to study the relationship between creativity and computational
thinking rather than to provide a holistic assessment of creativity.

In order to properly assess the concept, it is essential to provide a robust assessment
model. Considering the complexity of the concept of product creativity and the lack of
well-established definitions, a further shortcoming observed is the lack of more scien-
tifically rigorous evaluations concerning the reliability and validity of the proposed as-
sessment approaches. And, although several studies are based on considerable samples,
typically using artifacts from product sharing platforms, such as App Inventor Gallery
and Project Euler, these may not provide detailed context information. Thus, it is not
possible to analyze these approaches for specific educational stages as the data comes
from unknown origins. Therefore, the data of these studies may not be representative
of the specific educational stage nor the specific target population with whom the ap-
proach will be used.

Given that assessors are critical in manual assessments, understanding who they are
and what their level of expertise is, is also important as it has a direct impact on inter-rat-
er agreement and reliability. As the human judgment of creativity remains by nature an
intrinsically subjective process, it is necessary to study to which degree the perception
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of creativity of computer programs is consistent and not being an idiosyncratic result
of an assessor’s subjective judgment. In this regard, Manske and Hoppe (2014) found
that assessors with an educational theoretical background are more likely to provide a
consistent assessment of product creativity in the context of computing education. Tak-
ing into consideration that currently teachers formally trained in computer science are
scarce in K-12, as well as self- or peer-assessment conducted by students still learning
computing, this question has to be considered carefully in the design of the assessment
instruments. This is particularly important in order to assure consistency regarding the
meaning of assessment criteria and the performance levels by the assessors.

In general, the approaches only indicate as a result of the assessment a performance
level typically on an ordinal scale. These scales are developed using Classical Test The-
ory, representing creativity of the product as the sum of the score, e.g., in Zhong et al.
(2015). Alternatives such as a definition of a scale based on Item Response Theory may
be a more appropriate way of creating a construct for assessing product creativity. How-
ever, none of the encountered approaches uses Item Response Theory, although Mysz-
kowski and Storme (2019) argue that Item Response Theory-based scoring can lead to
a more appropriate and accurate estimation of the latent trait (the creative value of the
product), questioning also common practices regarding the aggregation of ratings.

The results of our analysis also point out a lack of the provision of more compre-
hensive instructional feedback. Except for a grade, no additional instructional feedback
is given to the students based on the assessment results to guide the learning process.
Such feedback, given constructively is important for the student to understand what
are the strengths and weaknesses of the product, and consequently learning opportu-
nities, as well as to the instructor to improve retention and knowledge transfer, e.g. a
comprehensive explanation of why a student product is considered unoriginal. Most of
the approaches also do not propose how to use these results as part of a summative as-
sessment for grading. For example, Manske and Hoppe (2014) propose to use the score
to classify the student’s computer program. Different to other automated approaches
in the context of computing education such as Dr. Scratch (Moreno-Le6n and Robles,
2015) or CodeMaster (Gresse von Wangenheim et al., 2018), none of the approaches
uses any kind of ludic representation of the results of the assessments (such as badges,
ninja belts, etc.) to motivate students, especially in K-12.

Another issue that seems not to be considered is to which respect the assessment
itself may inhibit creativity in schools, as learning experiences that involve comparisons
to others, emphasis on extrinsic features of the task, and the pressure of being evaluated
may cause anxiety and impair motivation and capacity for creativity (Runco, 2003).
Thus, these impacts of the assessment also need to be studied and taken into consider-
ation when designing the assessment to minimize their consequences.

Considering that creativity is a central competence of the 21st century, the lack of
wider research on the assessment of learning creativity on the strand of the product as
part of computing education is surprising. Although the study of creativity in comput-
ing education on the strand of the process seems to be more approached, this indicates
a need for future work in the area of the product to effectively and efficiently sup-
port the teaching and learning of creativity as part of computing education in practice.
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The availability of reliable and valid approaches is also essential to systematically cre-
ate a body of empirical evidence supporting the assumption that computing education
also contributes to the development of creativity, especially on the strand of the prod-
uct, as systematic research on this issue is still scarce mostly dating back to the 1980s
and 1990s (Clements, 1995).

Threats to Validity. Systematic mappings may suffer from the omission of relevant
studies. In order to mitigate this risk, we carefully constructed the search string to be as
inclusive as possible, considering not only core concepts but also synonyms. We also
included originality as one of the characteristics widely present for product creativity
to include works analyzing this specific characteristic. We also searched multiple da-
tabases indexed by Scopus, which covers the majority of scientific publications in this
field. Threats to the study selection and data extraction were mitigated by providing a
detailed definition of the inclusion and exclusion criteria. We defined and documented a
rigid protocol for the study selection and the selection was conducted by all co-authors
together until consensus was achieved. The lack of a clear definition of product creativ-
ity in the context of computing education was also mitigated using a set of keywords
related to the characteristics of general product creativity. And, although we found only
11 articles describing 10 approaches, the overview presented here shows an in-depth
analysis of important aspects regarding the assessment of creativity proposed by the
approaches. Data extraction was inferred in some cases, as the relevant information was
not always explicitly reported. In these cases, the inference made by the first author and
carefully reviewed by the co-authors was indicated throughout the article.

6. Conclusions

From this review, it becomes evident that despite a current trend towards the teaching
and learning of creativity in K-12, approaches for the assessment of product creativity
in the context of computing education are just emerging. We only encountered 10 rel-
evant approaches aiming at the assessment of computer programs created mostly with
block-based programming languages, such as Scratch and App Inventor typically used
in K-12 as well as few targeting higher education. These revealed a lack of a com-
monly accepted definition of product creativity customized to the context of computer
education, confirming only originality as one of the well-established characteristics.
Furthermore, several approaches seem to lack clearly defined criteria for effective, ef-
ficient and useful creativity assessment, especially in K-12. Diverse techniques are used
including rubrics, mathematical models as well as machine learning, supporting manual
as well as automated approaches. However, very few performed an evaluation analysis
of the proposed approach, thus not providing results indicating reliability and validity.
These results indicate the need for further research to support the assessment of prod-
uct creativity in the context of computing education in a more effective, efficient way
that can easily be adopted in educational practice as well as the need for more robust
(systematic defined and validated) assessment models for creating an empirical basis to
study the development of creativity in K-12 educational contexts.
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