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Abstract

Our world is changing rapidly, and work follows suit. Considering the traditional division of work
in physical and mental labor, it is primarily physical labor that has been systematically analyzed
and optimized over the last century. This made it possible to break down many manual tasks into
small entities that could eventually be automated. Advances in cognitive computing and artificial
intelligence suggest that mental work might be next in line. In fact, some basic cognitive tasks have
already been automated. A final frontier on the road towards ubiquitous automation, however,
seems to be the generation of creative ideas. This suggests that the human capability to create
will become increasingly important, especially in the workforce. The overarching theme of this
thesis is creativity and its role in the modern workplace. The thesis identifies and contributes to
two major research areas, namely creativity measurement and creativity amplification. In the area
of creativity measurement, this thesis builds upon the current literature to develop and evaluate
a new and innovative tool for objective creativity measurement, the Creativity Assessment via
Novelty and Usefulness (CANU). The results of several experimental studies suggest that while
the CANU does not eradicate all problems connected to creativity measurement, it does prove
an easy-to-use, scalable, and comparable tool. In this way, this thesis highlights the shortcomings
of current creativity measurement systems, especially for fundamental research. In the area of
creativity amplification, the gaining momentum in the human computer interaction community,
and the identification of creativity as paradigm have prompted the user centered development of
three creativity support systems. The results of experimental exploration and evaluation in this
project indicate that people who are inherently creative do not need (or want) support, whereas
those who traditionally struggle with creative problem solving can benefit from inspirational
stimuli. Overall, this thesis highlights the need for standardization in creativity measurement. It
emphasizes the opportunity that creativity support can offer in terms of ergonomic optimization
of system performance, and recognizes human factors/ergonomics as particularly suited discipline
to tackle creativity measurement and amplification in a human-centered way.






Contents

Creativity as Work I
L1 Definitions . . . . . . . ... .. 3
LLI Creativity . . . . . . . ... 3
2 Work ..o 4
LL3 Creative Work . . . . . . . . . ... ... 5
2 Importance . . ... .. ... 6
13 AvenuesforImprovement . . . . . .. ... ... L L L 7
1.3.1 Measurement . . . . . . . ... e e e e e e e e e e 7
132 Amplification . . .. ... L L L Lo 8
State of the Art 9
2.1 Measurement . . . ... L L L L e e e e e 9
2.1.1 Person . . . . .. it
2.2 Process . .. ... Is
203 Press ... 16
20.4 Product. . . ... ... 23
2.5 Need for Unified Measurement . . . . . . . .. ... ... ...... 24
2.2 Amplification . . . ... L L Lo 26
220 Stimuli . ... 29
22,2 LongTermMemory . . .. ... ... ... ... .......... 30
223  WorkingMemory . . . .. ... L L L Lo 30
2.2.4  Creativity Techniques . . . . . ... ... ... .. .. .. .. ... 31
2.2.5  Evaluating Creativity Support Systems . . . . . .. ... ... .... 32
Measurement 35
3.1 New Approach: Creativity Assessment via Novelty and Usefulness . . . . . . . 35
32 Novelty . ... o 37
33 Usefulness . . . . . . . . . . ... e 37
330 NewWords . . . . . ... ... .. . 38



iv Contents
332  Blocks . ... 38

3.4 Evaluationt . ... ... ... ... 39
3.41  Procedure & Materials . . . . ... ... ... ... ... ... . 40

3.42 Results . . . . ... 41

3.4.3 Discussion . . .. ... . ... .. 44

3.5 Redesign . .. ... . 47
350 PuzzleTask . . . . . . ... 47

3.6 Evaluationz2 . . . . . . ... 50
3.60  Procedure& Materials . . . . ... .. ... ... ... 50

3.62 Results . . .. ... 52

3.6.3 Discussion . .. ... ... .. ... e 56

4 Amplification 59
41 Exploration . . .. ... ... L L 60
4.LI Interviews . . . . . . .. 60

412 OnlineSurvey . . ... .. ... .. .. .. . L o 61

4.3 Discussion . . . . . .. .. 63

414 Outlook . ... .. . . . . e 64

42 Design. ... ... 64
421 BrainstormingCanvas . . . .. ... ... .. 0oL 66

422 Chatbot . . . ... ... 67

4.2.3  Inspirational Pictures . . . . . . . ... ... 0 0oL 69

4.2.4 AssociativeSearch . . . . ... ... ... ... . ... 69

43 Evaluation . . ... ... ... .. 70
431  Procedure & Materials . . . . . ... ... ... ... 71

432 Results . . ... .. e 73

4.3.3 Discussion . . . .. ... 75

s Discussion 79
st ResultsRevisited . . . . ... ... 79

5.2 Objective vs. Subjective Assessment . . . . . . ... ... ... 82

5.3 TheDangerof Fixation . . . ... ... ... ... .. ... ........ 83

6 Conclusion 8s
Bibliography 97



errare humanum est
perseverare autem diabolicum






T

Creativity as Work

O ERR IS HUMAN. To persist [in error], is diabolical. The famous Latin saying, including its
somewhat less famous second part, is often attributed to the roman philosopher Seneca. Despite
the fact that the origin as well as the wording are controversial, the popularity of the quote—
especially considering its age—is remarkable. It describes two concepts: to err is what makes us
human, to be able to recognize and act upon those errors is what makes us progress. From a modern
point of view, these two key aspects still hold true. For instance, failing (fast) and iterating are both
integral to creative work. This notion is supported by several recently popularized frameworks.
While traditional models for product development typically focus on following a certain plan to
perfection, the newer frameworks, such as agile working (see ) and
design thinking (see ) emphasize the importance of failure and iteration. The advent
of these newer approaches to the product development process can be understood as a response to
societal changes in our modern world. Today’s globalized environment is deeply influenced by
Volatility, Uncertainty, Complexity and Ambiguity (VUCA), a fact that is universally recognized
and emphasized by a multitude of scholars (e.g. s ;
). With change, there always comes opportunity. In fact, plenty of opportunity
regarding the influence of VUCA has already been identified (e.g. ; ;
). Especially its impact on the working environment, and the ongoing shift

towards a creative knowledge economy have been discussed ( ;

; ). Thus, making it necessary to reconsider the traditional forms of work as we
know them. A brief glimpse into the history of work following four technological revolutions (as
described by ) yields some insight as to how we ended up here, and how the journey
might continue.

The history of work—and human history in general—is in many ways a history of progress
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and optimization. Following its urge for improvement, humanity was able to harness the power of
fossil fuels in the first industrial revolution. With the invention of the steam engine, it was now
possible to substitute repetitive manual tasks by machines. The second industrial revolution is
characterized by the distribution of the energy necessary to operate such machinery (i.e. electricity
networks), and followed by their widespread use. This was the first step towards a monumental
shift in work and how it is being carried out—eventually becoming ubiquitous: the introduction
of automation. Through the application of the principles of scientific management by

, manual labor was broken down into small entities. Those were subject to analysis and
optimization, resulting in their eventual automation ( ). The result was a fifty-
fold increase in productivity during the 20 century, and has been suggested to be at the root of all
economic and social gains that were achieved during this period ( )-

The third industrial revolution, the invention of the computer, enabled the substitution of
repetitive cognitive tasks by machines. Through vast data networks (i.e. the internet), information
about said machines and their use became widely available in the fourth industrial revolution, thus
advancing the exchangeability of knowledge ( ). If history repeats itself, cognitive work
could undergo a similar development as manual labor—being increasingly automated.

estimate that 47 % of US employment is potentially automatable.
Traditionally, routine work was considered the most susceptible to automation (

), rendering all non-routine jobs relatively safe. However, advances in machine learning have
expanded the understanding of what computers are capable of ( ). Nowadays,
computers are understood as possible substitute for a multitude of non-routine tasks (

). Does this mean humans will no longer be needed in the workforce? This fear of
automation—and its consequences of widespread technology unemployment—has already been
formulated by following the first technological revolutions, and is being discussed
again these days (e.g. ). Still, the prediction of humans being superfluous in the
workforce of the future has not prevailed. Despite the fact that, indeed, computer-controlled
equipment has been cited as possible explanation for a growth in joblessness (

), human work tends to change rather than to be completely eliminated (

; )- discuss three effects in which
increased automation, Artificial Intelligence (AI), and robotics may even increase labor demand:
(i) the productivity effect which states that due to increased productivity using automation, the
economy expands which in turn increases the demand for non-automated tasks. (ii) Capital
accumulation describing that increasing automation raises the need for, and the accumulation
of capital which in turn raises the demand for labor. And (iii) deepening of automation which
considers that not only human labor can be automated, but also tasks that were already done by
machines, increasing their previous productivity and thereby increasing the demand for labor by
triggering the productivity effect.

In any case, it seems clear that human work will change—just as it has done in the past. In
what direction it will develop though, is something that might be hard to predict. Technology that
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will potentially substitute human labor does not exist yet. Any attempt to identify specific job
descriptions of the future is therefore pointless. It would be like an agricultural worker from the

early 20t

century, trying to map out whether his descendants will work as engineers for search
engine optimization, or social media marketers. The general direction in which work will shift,
however, can be estimated by consideration of current trends and Al limitations. For example their
lack of ability to attribute meaning to data (see section 2.2). Specifically,
postulate that workers in the future will occupy work that is non-susceptible to computerization,
namely creative and social intelligence tasks. Due to the fact that creativity is a long standing goal of
the Al community, but remains elusive as of yet ( ), it can be considered a final frontier
for Al (see chapter 43 ).

Research on creative work is therefore inherently connected to the future of Human Fac-

tors/Ergonomics (HFE). However, creative work can not be tackled by traditional HFE methods

( ), in part due to a lack of suitable measurement instruments (see sec-
tion 2.1) and no clearly defined input-output relationship ( ). Therefore the
role of ergonomics might change ( ; ). However, the key ob-

jective of HFE, namely an optimal synthesis of well-being and system performance (

) must not waver. Research on the future of work, imagination,
creativity and strategy ( ), and the amount of stress they impose on humans, is vital to
the advancement not only of the discipline, but humane work itself.

1.1 Definitions

To understand the characteristics of creative work and the challenges it poses for HFE, it is necessary
to first delve deeper into the two concepts of work and creativity separately. In the following sections,
definitions for these terms will be provided as they are used in this thesis.

1.1.1  Creativity

Creativity and its underlying processes have been of interest for researchers and philosophers
for centuries. The concept fascinated great scientific minds, such as Aristotle, Helmholtz, and
Poincaré, who all wrote about and published on creativity ( ). In ancient history, this
uniquely human trait to come up with something new in order to solve a problem was considered
so special, its origin had to be divine ( ). This notion gradually shifted until
creativity was perceived as a human trait—albeit only a very select few geniuses were considered to
possess it. Nowadays, a consensus has been reached that creativity is neither of divine origin, nor is
it reserved for only the brightest. Everyone can be creative ( ; ).

Despite the ubiquity of creativity, finding a universally accepted definition for the phenomenon
has proven to be difficult ( ; ). Even though several historical definitions
describe aspects of creativity that are still relevant today (e.g. ), major advancements
on definitional consensus were made only after the presidential address of to
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the American Psychological Association (APA), promoting creativity as an imperative research
topic. In the following years, two major definitions by and introduced
novelty and usefulness as prerequisites for creative outcome. However, the exact number of criteria
necessary to fully describe and identify creativity is still disputed ( ). This lack
of definitional consensus hung as the “mythical albatross around the neck of scientific research on
creativity” ( , p- 97) for years. In fact, differing definitions are being published and
discussed by prominent researchers in the field till this day (e.g. ), and
there is no generally agreed upon definition ( ). While the standard
definition of creativity ( ) has been updated multiple times, one of the most
widely used (over 1800 citations, according to Google Scholar) is the one by .
In a systematic review of 9o articles that offered a definition on creativity, they condensed the
following:

“Creativity is the interaction among aptitude, process and environment by which an
individual or group produces a perceptible product that is both novel and useful as
defined within a social context.” (p. 90)

This definition describes three components that interact in the creation of new and appropriate
products ( ). In this regard, it is consistent with one of the most famous models in
creativity research, the 4P model by . It describes four facets that can be distinguished
in creativity research: (i) the person that creates, (ii) the process used, (iii) the environmental press
that is in place, and (iv) the resulting product. conceptualized the relationship between
the 4 P’s in an equation:

person X process X press = product (1)

The suggested interaction between the facets person, process, and press to form a (creative) product
implies that variations of the first three variables should influence the outcome of the last. The
outcome-oriented approach has seen successful application in the past (see section 2.1). The fact
that a (perceptible) product must always be the result of creativity is comprehensible in a sense
that creativity and innovation are inherently subjective constructs, socially bound by historical
time and place ( ; ; ; ). They therefore require
judgement by domain experts, or gatekeepers ( ; ), who need
some form of perceptible entity to judge upon. Due to its practicability and success in the past, the
definition by will be the basis for creativity in this thesis.

1.1.2 Work

Another concept that has been studied and contemplated by philosophies, religions, and many
others over centuries is work. Just as in the case of creativity, concise definitions of human work
have been scarce ( ). Only after the famous observations of in 1857, who
identified the need to scientifically research human activity, including work ( )
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researchers put more effort in finding a universal definition. provides a far-reaching
and elegant one with:

“work is every target and purpose oriented activity in order to create goods or thoughts”

as cited in Bubb ( , p- 401). Despite the fact that work has traditionally been divided in physical

and mental work ( ), a common understanding of human labor—especially since it was
(and is) shifting from predominantly manual to cognitive work ( )—is
necessary for appropriate analysis and research. characterizes work as change of

information. He argues that over 85 % of manual work can be described by a cycle of basic motions
(reach, grasp, move, position, release), and a similar classification can be achieved for cognitive
work, or information processing. Using a Turing process ( ), an abstract machine that
describes manipulation of data using a set of simple rules and the foundation of modern computing,
reach corresponds to recognition of symbols, grasp to interacting with symbols (overwriting or
deleting them), and move to moving symbols ( ). Thus, the abstract description of
work does essentially not differ between manual and cognitive work. As already alluded to, proper
research of work requires a means of measurement or quantification. For manual work this has
been fairly successful in the past, cognitive work however is still lacking widespread measurement
tools ( ). Considering the aforementioned abstract definition of work—and
its lack of distinction between manual and cognitive work—this seems odd.
If work is the change of information, then what exactly is information and how does it change?
defined information as deliberate deviation from the natural energy distribution,
or entropy. If entropy is high (natural chaos, randomness is omnipresent), the probability of a
certain state is low. Information on the other hand, describes the certainty of a state. In case a
state is certain, information is high, and entropy is low. Thus, information must be considered the
inverse of entropy. In physics, more precisely described by the second law of thermodynamics, it is
regarded universal that only processes that increase entropy while simultaneously releasing energy
proceed automatically. The process of using energy to move on the continuum from entropy to
information, or establishment of human intended order, can therefore be understood equivalent
to work ( ).

1.1.3 Creative Work

As discussed, both creativity and work have been of interest for a considerable amount of time,

while simultaneously, achieving consensus on definitions has been challenging. Combining the

two definitions provided in sections r.r.1 and 1.1.2, creative work could be characterized as the use of

energy with the purpose to produce novel and useful products. Considering the fact that research

has only recently started exploring creative work as a central concept ( ), itis not

surprising that definitions are still developing. One of the few definitions in literature is the one by
, who state that
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“Creative work is varied, challenging, nonroutine, and engaging activity directed
toward the production or accomplishment of something.” (p. 385)

The authors note that their definition focuses on qualities of paid work as experienced by the
individual. They do not directly refer to creative industries (as for example ), neither
do they require others to judge the created product as novel or useful (see section r.1.1, and

). Nevertheless, the definition is to a reasonable degree coherent with the one drawn from the
conjunction of the definitions of creativity and work. Therefore it can be considered adequate at
least to a certain degree and will be used within this thesis.

1.2 Importance

As alluded to in the beginning, our society is increasingly substituting repetitive manual and
cognitive work with machines. In combination with changes to the dynamics of a VUCA world,
this leads to increased importance of creativity, “mankind’s ultimate capital asset” ( ,
p. 8). Creativity, however, is not something that can easily be achieved by machines (

; ; ). Therefore it must be a form of work that
humans will continue to do in the foreseeable future.

This is intuitive in a sense that a machine fulfilling a task will need some repairs in case it
breaks. Repair work is characterized by a largely creative part ( ). However, efficient
and effective repair work can only occur when a service operator truly understands the machinery
they are working on. For example by having learned from previous breakdowns ( ).
As such, the deviation from routine behavior can facilitate learning, particularly when its roots
and consequences are reflected by the individual ( ). The ultimate goal of
learning is improvement, facilitated by understanding. Machines, however, cannot understand,
they are still often struggling with their newly found capability to learn. They do not attribute
meaning to the constructs they cover. This is problematic, since creativity requires a certain amount

of expertise ( ; ), something machines are inherently
incapable of ( ).
Learning (from mistakes) at the workplace has been discussed in contemporary research (
; ; ) and is considered highly relevant (
). From the standpoint of cognitive work, mistakes are inherent to innovation
and creativity ( ). Similar to nature, where random mutations appear and the suc-
cessful ones survive, human error can be the basis of improvement ( ). Human behavior

generally varies to a certain degree, even under stable environmental conditions. Depending on the
degree of variation, this unexpected behavior can sometimes be considered a mere error that should
be avoided, but sometimes it is creative and can be valuable ( )- However, if
“creativity and error are opposite sides of the same coin (unplanned variation in performance), then
eliminating error, if that were possible, might also inhibit creative problem-solving” (

, p- 9)- This is contrary to many efforts in HFE that focus on eliminating human error
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( )> and part of the potential process of change in HFE. Still, knowledge-based errors
are typical for consciously deviant actions, such as problem-solving or decision-making (

)- Machine learning models however, learn for perfection, inherently limiting their
creative ability ( ). This capacity to err, is therefore not only part of a popular
quote but essentially what sets humans apart from machines, and one of the main reasons, why
computational creativity still remains elusive ( ).

Additionally, one of the characteristics of creative problems is that they tend to be loosely
defined. Problem elements, or structure are often not provided or at least not immediately apparent
( ; ). The problem-solving efforts are—due to their complexity,
dynamic, and lack of definition—associated with a high degree of uncertainty (

). This uncertainty is something notoriously difficult for computers in general, and for
machine learning algorithms in particular ( ; ). Thus,
additionally reducing the likelihood of creative work being automated.

1.3 Avenues for Improvement

As mentioned, the application of theory, principles, data and methods in order to optimize human
well-being and overall system performance ( ) is at
the core of HFE. However, theory and principles on creativity are scattered (section 1.1.1), reliable
data on creative performance is hard to obtain (section 2.1), and current methods are at their
limits when confronted with creativity ( ). In the following, past and
current efforts of researchers to deal with these issues—particularly in conjunction with the two
HFE principles well-being and system performance—and the current status quo will be briefly
summarized. They will be discussed in greater detail in chapter 2. In order to facilitate individual
well-being, comprehensive analysis and measurement of the stress put on humans by the demands
of a creative knowledge economy is imperative. In terms of system performance, the amplification
of human creativity using Creativity Support Systems (CSSs) offers great potential. Therefore,
we will discuss current creativity measurement and amplification methods, their application, and
identify avenues for improvement.

1.3.1 Measurement

Well-being as catalyst for system performance has been shown to occur when people make creative
progress in meaningful work ( ). Nevertheless, there is a necessity to consider
the threat of stress due to the constant need to be creative ( ). All the more important
does it seem that the generation of creative ideas and products is fundamentally understood by the
scientific community. Following , a product is creative when it is judged to be novel
and useful. While this definition deliberately introduced subjectivity (as opposed to ),
how exactly novelty and usefulness are to judge—and by whom—is still a matter of debate (

). In fact, due to the encouraging interest of a variety of disciplines in the phenomenon
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that is creativity, measurement has become increasingly cluttered ( )- In
section 2.1 the current state of the art in creativity measurement will be synthesized according
to different objects of measurement, and the benefits and issues with various approaches will be
discussed. Chapter 3 will subsequently introduce a new way of measuring creativity. This new
approach attempts to tackle problems with current measurement systems, specifically ease-of-use,
scalability, and comparability of results.

1.3.2  Amplification

System performance in terms of creative output has seen a particular interest from the Human
Computer Interaction (HCI) community in recent years ( ). After the first and
second wave of creativity research—the initial one following the address by , the
latter in the 1980s after and others argued there was lack of cultural perspectives in
contemporary creativity research ( )—a potential third wave has been sparked in the
community only recently with the introduction of creativity as potential paradigm for HCI (

H ; )- Section 2.2 introduces current approaches of creativity
amplification, using analog and digital tools. In the following, chapter 4 describes a user-centered
approach on the need of such systems, and evaluates three different support strategies with regard
to their potential.

To summarize: the current situation is not ideal. But HFE as a discipline is—due to its inherent
interdisciplinary character—ideally equipped to tackle the complex phenomenon that is creativity.
Through systematic development of adequate measurement instruments and the human-centered
design of creativity amplification tools, we could advance the field of creativity research as well as
the discipline itself. The HFE-typical system approach is especially potent because “performance
can influence well-being, and well-being can influence performance, both in the short and the
long-term” , p-381).
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State of the Art

OR MANY YEARS there has been a lack of a universally valid and operational definition of creativity
(see section 1.1.1). The scientific community has employed a variety of measurement methods that
attempt to capture the complex construct in different ways, often producing incoherent results,
and mostly failing to meet psychometric requirements (e.g. Ai, 1999; Amabile, 19825 Auzmendi

etal., 1996; Batey, 2012; Domino, 1994; Furnham et al., 2008; Piffer, 2012; Said-Metwaly et al., 2017).

The use of different approaches to creativity and the associated methods of data collection make
it difficult to draw comparisons between the various research studies (Abraham, 20165 Plucker
etal, 2004; Said-Metwaly et al., 2017). A valid and reliable measurement of creativity serves as a
basic prerequisite for gaining a scientific understanding of the concept. Inter-individual differences
must be quantifiable (Ramirez & Nembhard, 2004), especially since creativity is not subject to
a dichotomous distribution but rather follows a continuum (Amabile, 19835 D. H. Cropley &
Kaufman, 2012; Shalley et al., 2000). Additionally, in order to determine how creativity can best
be supported, an understanding of how exactly it comes to fruition and which factors influence
creative performance is necessary (see section L.1).

In the following, an overview of the state of art in measuring creativity will be provided. This
will be followed by current approaches and the description of creativity amplification as a newly
emerging trend in the Human Computer Interaction (HCI) community.

2.1 Measurement

As Batey (2012) points out, various taxonomies have emerged in the past to classify creativity
measurement instruments. To account for the multidimensionality, Batey (2012) developed the
heuristic framework model (see figure 2.1), which is based on Rhodes (1961) 4P model and aims
to provide a better overview of the landscape of measurement methods. Following Sternberg

Literature review on
measurement methods was
part of a thesis:

Schlorf, M. (2020). Einfluss
der wahrgenommenen
sozial-organisatorischen
und physikalischen
Arbeitsumgebung auf die
kreative Leistung von
Wissensarbeitenden in
Deutschland [Master’s
Thesis]. Technical University
of Munich
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, the framework distinguishes four different social levels of observation, namely
individual, team, organization and culture. Furthermore, lists three measurement
approaches to determine creativity. He differentiates between self-rating, other-rating, and objective
measurement of creativity. According to , objective methods are tangible data that
include, for example, patent applications on a product-related level. Some researchers have included
such data in creativity studies (e.g. ; ;

s ). However, it is important to note that even seemingly objective data,
such as citation indices, can be traced back to a subjective origin ( ). This is
why emphasizes “that social agreement is one of the constitutive aspects of
creativity, without which the phenomenon would not exist” (p. 49). ,

, and find a positive low-to-moderate
relationship between objective measures and other’s judgments in creativity research. In many
cases, third-party assessments are carried out by experts. At the product level, those are particularly
relevant to . She and empbhasize the subjective character
of creativity evaluation and state that a product can only be found to be creative if suitable raters
independently come to the conclusion that it is.

According to , self-assessments are used less frequently in creativity
research because they can have a distorting effect for various reasons. For example, the creative
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judgment of experts is relative in nature since several individuals are evaluated in comparison to one
another (Amabile & Mueller, 2008). Self-assessment lacks such a basis for comparison. In addition,
the reliability of self-assessment is questioned because, unlike expert assessments, it is carried out by
only asingle person (Amabile & Mueller, 2008). However, self-assessments have the advantage that
the person being assessed has information that is not accessible for outsiders (Amabile & Mueller,
2008; Janssen, 2000). Hocevar (1981) shares this opinion and points out that expert evaluations are
to be criticized because evaluators cannot always distinguish creativity from other (personality)
characteristics. For instance, Sternberg (2006)* emphasizes that raters tend to judge the creative
products of individuals from roughly the same age cohort as more creative. Also, evaluations may
depend on the expertise (Kaufman & Baer, 2012) and self-interests (Csikszentmihalyi, 1999) of the
raters. Batey and Furnham (2008) and Jing Zhou et al. (2008), argue in favor of self-ratings, citing
several studies demonstrating that individuals are generally capable of predicting personality and
intelligence test scores. Congruently, Harris and Schaubroek (1988) state in a meta-analysis that a
moderate correlation between self- and other-assessment exists in many other research areas.

One reason for the multitude of inconsistencies in creativity research is the multitude of mea-
surement instruments employed. Following Rhodes (1961) famous 4P model (see section 1..1),
that—despite some additions (e.g. Runco, 2007; Simonton, 1995)—is still one of the most funda-
mental models of creativity, several assessment methods for each of the four facets (person, process,
press, product) can be found in literature. For a comprehensive review, see Gruszka and Tang (2017).
In the following, each of the four facets of the 4 model is examined separately. First, basic theoreti-
cal concepts regarding the specific facet will be explained, followed by approaches and discussion of
the measurement methods concerning said facet. The facets are distinguished clearly to provide an
easy structure but in reality they are interdependent and subject to numerous interactions (Batey,
2012). Considering only one creativity component does not do the multi-layered construct justice
(Hennessey & Amabile, 2010).

2.1.1 Person

Barron stated in 1955 that the personality of individuals who perform creative acts was understudied.
From that point in time, researchers focused on exploring eminently creative personalities (Amabile
& Gryskiewicz, 1989), investigating the characteristics in which creative individuals diftered from
the general population (Amabile & Pillemer, 20125 Feist, 1993). The fact that incremental creative
achievements are also reflected in everyday (corporate) life and are of importance as well has only
been given greater consideration in recent decades (Kaufman & Beghetto, 2009). Scientific interest
regarding the facet can be distinguished in three main categories with researchers investigating the
relationship between creativity and: (i) personality traits with special emphasis on the big five, (ii)
demographic variables, and (iii) intelligence. The most important findings of all three categories
will briefly be discussed in the following.

In terms of creative personality, associations have mostly been described with the five global “Big
Five” personality traits (extraversion, agreeableness, openness, conscientousness, and neuroticism,

This article has since been
retracted due to significant
overlap with previously
published research.
Scientific content, however,
was found valid by editor
and reviewers and is not in
question (Sternberg, 2020).
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Figure 2.2
Proposed relationships be-
tween creativity and intelli-

gence. (i) (i) (iii) (iv) )

see Costa & McCrae, 2008; Digman, 1990; Hennessey & Amabile, 2010). Across domains, openness
(to experience) is positively related to creativity (e.g. Dicdrich et al., 2018; Feist, 1998; George &
Zhou, 2001). Other correlations—varying between domains—are illustrated in Batey and Furnham
(2006). Other traits of creative personalities, according to the meta-analysis by Fcist (1998), include
self-confidence, self-acceptance, ambition, impulsivity, and dominance.

Ma (2009) identified demographic variables such as age, gender, and birth order as influencing
creativity. Dul, Ceylan, and Jaspers (2011) found a peak in creativity at approximately 40 years of
age, which is consistent with other findings (Simonton, 1975; 1988). However, Eder and Sawyer
(2007) concluded in their meta-analysis that age had no relationship with creativity (as cited in
Binnewies et al., 2008). There is no scientific consensus on the specific relationship between age
and creativity yet. Additionally, Dul, Ceylan, and Jaspers (2011) recorded higher self-rated creative
performance in men. Especially in the area of higher creativity, there is evidence of more male
eminent creative individuals (Abraham, 2016). However, Matud et al. (2007) emphasize that
gender differences are primarily the result of environmental differences (e.g., unequal access to
schooling and resources) and state that most research findings do not show gender differences. |.
Baer and Kaufman (2008), who looked at gender differences in greater detail, analyzing a variety of
gender-specific study results, note that, if anything, females show slightly higher levels of creativity
than males.

The relationship between intelligence and creativity has been of interest for a long time, and
has been studied by many researchers (e.g. Guilford, 1950; Kim, 200s; Silvia, 2008). Sternberg
and Lubart (1999) categorise the heterogeneous results of that stream of research in five groups:
(i) creativity as subset of intelligence, (ii) intelligence as subset of creativity, (iii) creativity and
intelligence as overlapping constructs, (iv) creativity and intelligence as synonymous, (v) creativity
and intelligence as unrelated constructs (see figure 2.2). An overview of the key research findings is
provided by Batey and Furnham (2006). As is often the case, in reality, the categories do not seem
as clear cut as postulated but rather a mix between two of them seems to apply. The majority of
studies support the threshold hypothesis. It states that intelligence and creativity are positively
related up to a certain IQ threshold, after which differences in intelligence are no longer relevant
for creativity (Guilford (1967); cited in Jauk et al. (2013)).
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Level
1 2 3 4

mini-c little-c  Pro-c  Big-C

Although Runco (2014) emphasizes that avoiding categorization would be conducive to cre-
ativity, various taxonomies have emerged to distinguish degrees of creativity (e.g. Boden, 2004;
Mumford & Gustafson, 1988). Best known is the Four C Model by Kaufman and Beghetto (2009),
distinguishing four levels of creativity (see table 2.1). Initial creative performance in everyday life is
of mini-c level, attesting to creative potential inherent in all individuals. The next higher /ittle-c
level is characterized by creative achievements based on expertise and skills that the individual has
acquired. Years-long experience-building results in Pro-c level creative achievements. When they
achieve legendary status, they belong to the fourth level, Big-C (Kaufman & Beghetto, 2009). At
the level of Big-C creativity, personality traits are usually examined for their clinical salience (Hen-
nessey & Amabile, 2010), and in particular a link to schizophrenia has been noted (e.g. Eysenck,
1993; Merten & Fischer, 1999). The Propulsion Model (Sternberg, 1999) as well as the Systems Model
of Creativity (Csikszentmihalyi, 2014) focus on Big-C creativity, whereas the Jnvestment Theory
of Creativity (Sternberg & Lubart, 19915 1996) primarily addresses little-c creativity (Beghetto &
Kaufman, 2007).

The Componential Theory of Creativity, first proposed by Amabile (1983) and revised several
times since then (e.g. Amabile, 1988; 1997) is a widely cited model (Amabile, 2012), particularly
addressing little-c creativity. It is underpinned by the assumption that creativity can change and be
nurtured (Amabile, 1983; 1997). In the current version of this theory, Amabile and Mueller (2008)
distinguish three components within a person, all of which are necessary in the creative process
resulting in a creative outcome: (i) domain-relevant skills, (ii) creativity-relevant processes, and (iii)
intrinsic task motivation (see figure 2.3). The level of creativity depends on the proficiency of these
components (Amabile & Pillemer, 2012).

Domain-relevant skills include, for example, expertise, knowledge, intelligence, and technical
knowledge (Amabile & Mueller, 2008). Many researchers argue for an inverted u-shaped relation-
ship between creativity and knowledge (Batey & Furnham, 2006). This relationship highlights
that too little and too much knowledge, as well as inefficiently organized knowledge, can impair
creativity (Amabile, 1988). The importance of knowledge and expertise is additionally emphasized
by Toker and Gray (2008) and summed up by Andrews and Smith (1996): “Itis often said that
there is nothing new under the sun, only new ways of uniting existing concepts” (p. 175).

Creativity-relevant processes include, among other things that will be elaborated in section 2.1.2,
certain personality traits that promote risk-taking and independence, a disciplined way of working,
and idea generation skills (Amabile & Mueller, 2008).

Intrinsic task motivation results from interest in the task itself (Amabile, 19975 20125 Amabile

Table 2.1

The four levels of creativity
according to Kaufman and
Beghetto (2009)
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& Mueller, 2008). It has been consistently articulated as an important factor influencing creativity
(e.g. Amabile, 1988; 1997; 1998; Gruszka & Tang, 2017; Hennessey & Amabile, 2010; Oldham &
Cummings, 1996; Sternberg, 2006). Extrinsic motivation is based on external incentives. It shifts
the focus from the creative process to the outcome, which is why several authors have suggested
its negative impact on creativity (e.g. Amabile, 19835 Deci et al., 1999). Amabile (1983, p. 366)
states with regard to intrinsic motivation: “Task motivation can be seen in this context as the most
important determinant of the difference between what a person can do and what he or she will
do”. However, voices are raised (also by Teresa Amabile herself) that extrinsic motivation can
be conducive to creativity under certain conditions or in certain contexts (Amabile, 1983; 1988;
1997; 2012; Amabile & Mueller, 2008; Auzmendi et al., 1996; Gruszka & Tang, 2017; Kaufman
& Beghetto, 2009). Amabile et al. (1996) cite that in the work context, reward and recognition
for creative ideas, clearly defined overall project goals, and frequent constructive feedback can
promote creativity. This can be explained by the fact that all these conditions validate employees’
competence (Amabile, 2012). Money, the most common extrinsic motivator in the work context,
does not necessarily prevent employees from being creative, but often does not help either and,
moreover, does not alone contribute to making them enthusiastic about their work (Amabile,
1998).

In the work context, studies have addressed the relationship between creative personality traits
and creative performance, finding positive correlations of varying strength (Dul & Ceylan, 20155
Dul, Ceylan, & Jaspers, 2011; Madjar et al., 2002; Oldham & Cummings, 1996; Unsworth et al.,
2000) with some notable exceptions not finding any significant relationship (Zhou, 2003). To
assess the creative personality, researchers tend to rely on different self-report measures. One
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popular tool is the Creative Personality Scale (CPS; Gough, 1979), which has been shown to have
sufficient psychometric validity (Carson et al., 20035 20055 Domino, 1994; McCrae & Ingraham,
1987). It is based on the assumption that creative individuals share certain personality traits. It is
the best-known development of the Adjective Check List (ACL; Gough, 2.000), which consists
of 30 adjectives. On the CPS individuals indicate which of the scale’s 30 adjectives associated
with creativity correspond to them, resulting in a creative personality score. More recent self-
report measures, such as the Adjectives and Values Scale (A&V; Acar & Runco, 2014) or the Mode
Shifting Index (MSI; Pringle & Sowden, 2017), address more specific aspects related to creativity,
such as values and ways of thinking. An additional explicit self-assessment of one’s own creativity
is required by the questionnaire How Creative Are You (HCAY; Raudsepp, 1981) and also by the
Revised Creativity Domain Questionnaire (CDQ-R; Kaufman, Cole, & Baer, 2009).

2.1.2 Process

Cognitive psychologists in particular have devoted themselves to the study of the creative process
over the last century (Batey, 2012). This process encompasses all cognitive processing steps that
contribute to the production of creative outcomes (Amabile & Mueller, 2008). The authors
divide it into four steps (problem or task identification, preparation, response generation as well as
response validation and communication, see also figure 2.8), which were first presented by Amabile
(1983) in a slightly different form. She describes that intrinsic task motivation has an influence
on the first (at that time problem or task presentation) and third phase, domain-relevant skills
are especially important in the second and fourth phases, and the creativity-relevant processes
occur in the third phase (Amabile, 1983). The process steps are based on the four-stage process
model of Wallas (1926), which has often been modified in the past (for an overview, see Palmer,
2015, p. 18), although the core ideas have always remained the same: In the preparation (phase 1),
the information basis is created. During incubation (phase 2), the subject is turned away from, so
that unconscious processing takes place (Lubart, 2001). Illumination (phase 3) marks the solution
finding, the result of which is checked during verification (phase 4) (Lubart, 2001). In this context,
the model should be understood as an iterative process (Wallas (1926); cited in Gruszka and Tang
(2017)), in which phases can overlap and subprocesses can emerge (L.ubart, 2001). The incubation
phase is not explicitly mentioned in Amabile’s process model, but she assigns a high value to
incubation effects, especially during sleep (Amabile et al., 2005). Underlying are two central modes
of thinking—divergent and convergent thinking—derived from the Structure of Intellect model of
intelligence by Guilford (1967). Divergent thinking generates many creative solutions, whereas
convergent thinking is characterized by identifying a single assessable solution (A. . Cropley, 2006).
They are both used in different process steps (e.g. Brophy, 1998; A. J. Cropley, 2006; A. ]. Cropley
& Cropley, 2008; Ma, 20009; Piffer, 2012). Yet, divergent thinking has long been considered to play
a more important role in the creative process (e.g. A. J. Cropley, 2006; D. H. Cropley & Cropley,
2018).
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Ceylan (2011).

For this reason, measurement methods regarding the creative process mainly capture this
cognitive ability. Well-known examples are the Wallach-Kogan Creativity Test (WKCT; Wallach
& Kogan, 1965), the structure of the intellect divergent production test by Guilford (1967), and the
Torrance Test of Creative Thinking (TTCT; Torrance, 1966). The last is probably the best known
and used most commonly (Ma, 2009; Runco & Jaeger, 2012). Even though divergent thinking
tests can capture a predictor of creativity (Runco, 2008; Runco & Jaeger, 2012), it is noted that
they do not do justice to a holistic view of creativity and creative processes (Zeng et al., 2011).

2.1.3 Press

The environment, in contrast to the other three creativity components, has only received increasing
attention starting in the late 1970s and early 1980s (Amabile & Pillemer, 20125 Simonton, 2000),
which is why there are relatively few studies examining the effects of the environment on creativity
in comparison to the other three facets (Amabile & Mueller, 2008; Dul & Ceylan, 20115 Said-
Metwaly et al,, 2017). Nonetheless, many researchers agree that it has a meaningful impact on
creative performance (e.g. Livingstone et al., 1997; Mathisen & Einarsen, 2004; Matud et al., 20073
Meinel et al,, 20173 Sternberg, 2006). As Lubart (1999) put it, “Creativity does not occur in a
vacuum. When we examine a creative person, creative product or creative process, we often ignore
the environmental milieu. We decontextualize creativity” (p.339). The creativity that a person
carries within them self could never come to fruition if certain support from the environment were
missing (Sternberg, 2006).

In the context of work, this environment is heavily shaped by the employing organization. The
three most influential models of organizational creativity, the Interactionist Theory by Woodman
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, the Multiple Social Domains Theory by , and the previously presented
Componential Theory of Creativity ( ; ) emphasize the work environment as a
factor influencing employee creativity ( ). Hereby, it is not the presence but

the perception of the presence of the work environment components that is crucial for creative
performance ( ). The actual objective work environment influences the perceived
subjective work environment, which in turn determines the level of creativity. Thus, the perception
of the work environment mediates the relationship between the objective work environment and
creativity ( ). The work environment can be divided into two components for better
classification ( ). In their conceptual model (see figure 2.4),
distinguish the social-organizational and physical work environments, both of which indirectly
affect creative performance by influencing the creative process. The physical work environment
refers to the immediate or surrounding physical environment of employees (e.g., background
noise). In contrast, the social-organizational work environment includes all non-physical elements
of the environment of a social or organizational nature (e.g., teamwork). and
also illustrate the relationship between the components of the work
environment and creativity in comparable models. In the following, the two components of the
work environment as well as their measurement are examined.

Social and Organizational Work Environment

Until a few years ago, almost only elements of the social-organizational work environment, com-

monly understood as the organizational climate for creativity ( ),

have been considered to describe the influence of the environment component on creativity (e.g.

5 5 5 5 5

). Thus, the work environment in the current version of the Com-

ponential Theory of Creativity (see figure 2.3) is social-organizational in nature ( ;

). In a previous version of this model, specified the influ-

ence of this social-organizational work environment (see figure 2.5). She identifies three elements of

the social-organizational work environment that influence individual creativity, namely (i) organi-

zational motivation, (ii) resources, and (iii) management practices. Those elements have a particular

impact on employees’ task motivation, but also on the other two person-specific components

( ). For a more detailed description of the person-specific components,
refer back to section 2.1.1.

Organizational motivation refers to the fundamental orientation of the organization, especially
the highest levels of management, toward innovation. This includes behaviors such as open
and active communication of information and ideas, reward and recognition for creative work,
and fair evaluation of that work. Resources include everything available to the organization to
support work in the area where innovation is sought, such as sufficient time, access to expertise and
(financial) work resources, and the possibility of further training. Providing positively challenging
activities, forming heterogeneous and harmonious work groups and supporting them appropriately,
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formulating creative goals, and especially granting autonomy to employees are listed as behaviors
of management that promote creativity ( ).

Itis central for creativity in the workplace to engage employees at the job level with suitable work
tasks ( ;
little pressure can inhibit creativity ( ; ; ;

). The appropriate level of challenge must be found, as too much and too

). Especially when perceived as consequence of an urgent, intellectually challenging nature of
the problem itself, pressure can enhance creativity by increasing intrinsic motivation (

; ; found a significant
relationship between employees’ self-reported work complexity and the number of creative ideas
they expressed in an organization. However, the authors emphasize that the level of challenge
and task complexity is person-dependent and thus subjective in nature. Similar observations were
also made by and . However,
emphasize that internal drive and an environment that supports risk taking and trying new things

are more important than complex challenging work.

Physical Work Environment

and

emphasize the importance of the physical work en-
vironment. include both variants of work environment (social-
organizational and physical) in their Investment Theory of Creativity as one of the six important
sources of creativity. Similarly, describe components of
the physical work environment that favor or inhibit creativity in their model. More recent models
such as the Five A Model ( ) and the Severn C Model (

) also take them into account. The exploration of the impact of the physical work environment

on creativity has been and still is very limited (e.g. ; ;
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; ; ; ).
report that few authors examine the direct relationship between physical work environment
and creativity. In their analysis they reviewed studies from various disciplines (e.g., ergonomics,
environmental psychology, architecture) that do not directly refer to creativity but on constructs
related to it. This allows for an indirect conclusion about environmental elements that influence
creativity. One theory that addresses such mediating influences is the 7rzple Path Model by
(see figure 2.6).

The model presents the three mediators: (i) functionality, (ii) meaning, and (iii) mood. These
mediators are not independent from each other but rather can occur simultaneously and even
interact with each other ( ). Firstly, functionality is understood as a necessary but not
sufficient condition for creativity. This factor makes creativity possible in the first place. As

phrases it: “Functionality is the extent to which characteristics of the physical environment
that are necessary for a person’s creativity are perceived to be in place” (p. 492). A person’s
creativity cannot be at its highest level without an instrumental, adaptive, and distraction-free
physical environment ( ). Secondly, meaning addresses the importance people place on the
objective physical environment. It can be divided into the five categories of freedom, inspiration,

interaction, privacy, and relaxation, all of which can be beneficial to a person’s creativity ( ).

Thirdly, mood—or more specifically positive mood—is an influential mediator of the relationship
between the physical environment and creativity ( ; ;

). Positive mood is associated with higher levels of creativity in organisations (

). This positive effect can be, at least partly, attributed to an expansion in attentional range

( ; ).

Triple Path Model, which il-
lustrates the relationship be-
tween the objective physi-
cal environment and creativ-
ity via three perceptual path-
ways (mediators), where
functionality is a necessary
condition (nc) for creativity.
Adapted from
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In recent years however, sporadic attempts have been made to explore the direct relationship
between elements of the physical work environment and creativity. This followed findings that
the physical work environment influences creativity-related constructs (e.g., mood, stress, orga-
nizational culture, and freedom) (E. V. Hoft & Oberg, 2015; Meinel et al., 2017; Samani et al.,
2015). It has involved analyzing various individual aspects of the relationship between physical
work environment and creativity (Ceylan et al., 2008; Sailer, 2011). Meinel et al. (2017) offer a
summary of the state of research by identifying 17 studies from the fields of creativity manage-
ment, architecture and design, human resource management, ergonomics, and psychology that
address the above-mentioned relationship. The authors note that the studies differ in the creativity
criterion covered (creative potential of the environment and/or creative performance) and in the
type of measurement (self-assessment, expert assessment, or task outcome). Of the ten studies that
captured creative potential, seven used self-assessments (Ceylan et al., 2008; E. V. Hoff & Oberg,
2015; McCoy & Evans, 2002; Soriano de Alencar & Bruno-Faria, 1997; Steiner, 2006; Stokols et al.,
20023 Vithayathawornwong et al., 2003), and three used expert assessments (Haner, 2005; Y. 5. Lee,
20165 Martens, 2011). A total of eight of the seventeen studies measured creative performance, five
of which used self-assessments (Dul & Ceylan, 20115 20145 Dul, Ceylan, & Jaspers, 2015 Magadley
& Birdi, 20009; Toker & Gray, 2008) whereas three used task outcome (McCoy & Evans, 2002;
Shibata & Suzuki, 2004; Steidle & Werth, 2013).

Work Environment Measurement

As apparent above, the variety of methods used to measure the work environment is plentiful.
Due to the fact that the influence of the physical work environment has only recently attracted
more attention, the landscape of measurement methods for the work environment shows a focus
on the social-organizational environment. A selection of well-known measurement methods
for recording the social-organizational and physical work environment is listed in chronological
order in table 2.2. Only the last two of the twelve measurement methods listed also include the
physical work environment. For further, in particular older, measurement methods of the social-
organizational working environment, refer to Amabile and Gryskiewicz (1989). In the following,
the measurement tools from table 2.2 will be briefly summarized.

Unlike the Work Environment Scale (WES; Insel & Moos, 1974) and Organizational Assessment
Instrument (OAIL; Van de Ven & Ferry, 1980), both of which generally assess the work environment
in organizations (Amabile et al., 1996), the Siegel Scale of Support for Innovation (SSSI; Sicgel &
Kaemmerer, 1978) is a well-known instrument that uses 61 items to measure perceptions of five
organizational dimensions (leadership style, ownership, diversity-oriented norms, continuous
development, and consistency) with a focus on innovation. Factor analysis of responses from
several thousand teachers and students at the time indicated that one major factor, support for
creativity, and two others, tolerance of diversity among members and personal commitment to the
organization, were important dimensions in an innovative climate (Sicgel & Kaemmerer, 1978).
However, this measurement instrument has only been validated in a school context with a relatively



Measurement

Measurement Method

Source

Work Environment Scale

Siegel Scale of Support for Innovation
Organizational Assessment Instrument
Creative Climate Questionnaire

College and University Classroom Environment Inventory
Achieving Styles Inventory

Jones Inventory of Barriers

KEYS: Assessing the Climate for Creativity
Team Climate Inventory

Situational Outlook Questionnaire
Creativity Development Quick Scan

Epstein Creativity Competencies Inventory for Managers

Insel and Moos (1974)
Siegel and Kaemmerer (1978)
Van de Ven and Ferry (1980)
Ekvall (1983)

Treagust and Fraser (1986)
Lipman-Blumen (1991)
Rickards and Jones (1991)
Amabile et al. (1996)
Anderson and West (1996)
Isaksen et al. (1999)

Dul and Ceylan (2011)

Epstein et al. (2013)

21

small sample (Amabile et al., 19965 Mathisen & Einarsen, 2004). A tool that has been specifically
designed for the education context is the College and University Classroom Environment Inventory
(CUCEL Treagust & Fraser, 1986). Using CUCEI, students or instructors rate their perceptions of
the following seven social-organizational dimensions of the actual or preferred classroom environ-
ment: personalization, engagement, student cohesion, satisfaction, task orientation, innovation,
and individualization. Matching the assessment between actual and preferred learning environ-
ments uncovers improvements that can be implemented. The Achieving Styles Inventory (ASI;
Lipman-Blumen, 1991), is an example of innovation-related evaluation of organizational conditions
(D. H. Cropley & Cropley, 2018). It explores the fit between employee characteristics and the
characteristics of their organization. The Situational Outlook Questionnaire (SOQ; Isaksen et al,
1999), the slightly modified English translation of the Swedish Creative Climate Questionnaire
(CCQ; Ekvall, 1983), as well as the Team Climate Inventory (TCI; Anderson & West, 1996) capture
the organizational climate. The CCQ consists of so items measuring ten dimensions of creative
climate and has been validated in various organizational settings (Gruszka & Tang, 2017). The
TCI, whose 61 items were extracted from other measurement methods, primarily addresses the
innovation climate in the team via four factors: vision, participatory safety, task orientation, and
support for innovation. A short version consisting of 38 items, which is most frequently used
(Mathisen & Einarsen, 2004), shows acceptable reliability and validity. The Jores Inventory of
Barriers (JIB; Rickards & Jones, 1991), consists of 30 items and is designed to examine barriers to
individual creativity in organizational settings. Strategy, value, perception, and self-image barriers

Table 2.2

Chronological overview of
work environment measure-
ment methods. Adapted
from Meinel et al. (2017).
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are distinguished.

The KEYS: Assessing the Climate for Creativity (KEYS) by has already
been successfully validated in many contexts and industries ( ). It
consists of 78 items and includes eight scales for the assessment of the working environment
(six scales describing incentives for creativity and two scales describing obstacles to creativity)
and two scales measuring work outcomes (creativity and productivity). The scales of the work
environment are based on the three elements of the social-organizational work environment (see
figure 2.5), by which extended her Componential Theory of Creativity. In the
KEYS, respondents indicate the extent to which the 66 items apply to their work environment and
how they rate their own performance on twelve items. KEYS has been shown to have satisfactory
psychometric properties, both in terms of reliability and validity ( ;

; ). , who used the procedure in England,
criticize KEYS for not taking into account wider cultural differences, as it has only been used in two
studies outside North America (both in Germany). For a detailed description of the psychometric
characteristics, refer to . The authors analyze five of the presented
measurement procedures of the social-organizational work environment (KEYS, CCQ, SOQ, TCI,
and SSSI). These five are the only instruments meeting certain criteria, including the availability of
psychometric characteristics. They conclude that two measures in particular (TCI and KEYS) have
emerged as useful instruments for assessing the social-organizational work environment. However,
they also note that the different measurement procedures are based on different definitions of
climate and that climate is measured at different organizational levels, which must be taken into
account when selecting the appropriate measurement procedure.

One of the two measures including both the social-organizational and physical work environ-
ment is the Epstein Creativity Competencies Inventory for Managers (ECCI-m; ).
The ECCI-m is based on the assumption that the the provision of a diverse and changing physical
and social-organizational work environment forms one of eight creativity-enhancing management
competencies. Over one thousand managers indicated in a survey how they rate their abilities
in relation to the eight competencies on 48 items, each with a five-point Likert scale. However,
the ECCI-m has—to our knowledge—not been used outside its validation study (

). In contrast to the ECCI-m, the Creativity Development Quick Scan (CDQS;

) has been used in various studies. It captures both the social-organizational and physical
properties of the work environment and focuses on on knowledge workers ( ). In their
research, identified nine social-organizational (challenging job, teamwork,
task rotation, autonomy in job, coaching supervisor, time for thinking, creative goals, recognition
of creative ideas and incentives for creative results) and twelve physical (furniture, indoor plants,
calming colors, inspiring colors, privacy, window view to nature, any window view, quantity of
light, daylight, indoor physical climate, sound and smell) characteristics of the work environment
that can promote creativity. These 21 elements were integrated into a checklist to assess the extent
to which employees perceive their presence in their working environment. Even though it has
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already been established how certain characteristics of elements in the work environment affect
creative performance, the optimum configuration of these physical characteristics to achieve the
highest level of creativity depends on the respective personal preferences (

). To be able to investigate the person-environment-fit, the CDQS not only captures the
perception of the work environment but also the importance the individual places on each of the
21 environmental elements. The ratio of the importance to the perception of a specific element
of the working environment is averaged over all employees for each company and results in a fit
score. It illustrates the extent to which the company meets the need for support with regard to
the respective environmental elements and can offer direct comparison with the fit scores of other
companies.

2.1.4 Product

As early as s noted that creative products can be used to draw conclusions about
creative personality traits, creative thought processes, and environments that promote creativity.
This is why the study of creativity should start with a creative product ( ).
Moreover, measuring creative products is necessary to validate the findings of creative personality
traits ( ), as well as the other creativity components, and to measure changes in them
( ). There is a variety of different types of creative products in the work
context, including services, production processes, work methods and procedures, and solutions
to problems in everyday work ( ). Software programs, training courses, and
market research projects are concrete examples of creative products in the workplace (

). Advantageously, and in contrast to the other creativity components, the creative
results can often be described ( ) and quantified ( ). Products
are considered creative when they are both novel and useful (see section 1.L.1).

list two types of measurement instruments of creative products: Rating scales and subjective
ratings.

Rating scales are based on the assumption that product creativity is an objective and quantifi-

able variable whose expression depends on the presence of certain creative product attributes. This

view, which derived from the product-based approach of R
is adopted to some extent by the Creative Product Semantic Scale (CPSS;
)—a modification of the Creativity Product Inventory of .In the

CPSS, experts rate the product creativity based on the three dimensions of products by
(novelty, resolution and elaboration & synthesis) via a semantic differential.
An example measure adopting subjective ratings is the Consensual Assessment Technigue (CAT;

). The CAT is widely used and derived from the user-based approach of

. Product creativity is assumed to be subjective in nature, and the evaluation takes place in
a social context. The CAT follows a rather straightforward pattern. First, individuals produce
products of different kinds (e.g., poems). Secondly, these products are subsequently evaluated
by several experts from the respective domain. This evaluation is based on the expert’s individual
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definition of creativity (Amabile & Mueller, 2008; |. Baer & McKool, 2009; Gruszka & Tang,
2017). It is assumed that there is no need for a universally accepted definition of creativity to
evaluate creative products (Amabile, 1982) and no need for a theoretical basis of creativity (J. Baer
& McKool, 2014). This method is very close to everyday creativity assessment and is therefore
considered to be the gold standard of creativity measurement (J. Bacr & McKool, 2014). In addition
to the disadvantages of expert evaluations stated in the introduction of chapter 3, it can be argued
that they are very resource-intensive (Batey, 20125 Kaufman, Baer, et al,, 2008). Furthermore, in
the CAT, products are only evaluated relative to works in the same sample, which does not allow
for an absolute creativity judgment that can be used for comparison with other tests (J. Baer &
McKool, 2009). One method, developed to at least make the recruiting of raters more easy, is the
Creative Solution Diagnosis Scale (CSDS; D. H. Cropley et al., 2011). In this case, the products are
estimated by laymen.

Subjective product ratings, however, can not only be conducted by others but also individuals
themselves. For this purpose, products that have resulted from creativity in the real world are
used (e.g. patents, scientific publications, musical compositions, etc.). This means that individual
behavior is recorded retrospectively, and subsequently analyzed regarding its creativity. For this
purpose, the Creative Behavior Inventory (CBI; Hocevar, 1979) and the Biographical Inventory
of Creative Behaviors (BICB; Batey, 2007) have been developed for everyday creative actions. For
extraordinary creative achievements, development of the Creative Achievement Questionnaire
(CAQ; Carson et al,, 2005) followed. An in-depth description of these procedures, can be found
in Silvia et al. (2012).

2.1.5 Need for Unified Measurement

The cluttered landscape of creativity measurement tools is both encouraging as well as problematic.
While the multitude of approaches from different domains shows a clear interest in the subject
matter (Batey, 2012), it also leads to a multitude of results that are difficult to compare and thus
inhibit a coherent understanding of and fundamental research on creativity (Barbot & Reiter-
Palmon, 2019; Prasch & Bengler, 2019). Measurements for the different facets (person, process,
product, press) are often not highly associated (Batey et al.,, 20105 Carson et al,, 20055 Dollinger
etal., 20045 Furnham et al,, 2008), up to a point where they show a meaningful difference (Haase
etal, 2018). And even measurements of the exact same constructs, influences, and independent
variables show conflicting results. Especially in the facet press, containing environmental factors
that can be influenced by corporations and employers, a wide variety of relationships has been
researched—often yielding contradictory results.

In terms of the socio-cultural work environment, time pressure generally tends to have a
negative effect on creative performance (Amabile et al., 19965 20025 Andrews & Smith, 19965
Soriano de Alencar & Bruno-Faria, 1997). In contrast, Hennessey and Amabile (2010) discovered
that on days where time pressure was high, creative performance could be as good as on days with
low or moderate time pressure. Ohly et al. (2006) and M. Baer and Oldham (2006), found an
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inverted-U relationship. Rewards have been found to undermine intrinsic motivation (and thereby
creativity, Deci & Ryan, 20045 Ryan & Deci, 2000) as well as increase it (Eisenberger & Cameron,
1996; 1998; Eisenberger & Rhoades, 2001).

Regarding the physical working environment, even more studies yield contradictory results.
For example, in a study by Mechta et al. (2012), in which realistic ambient sounds were used, a
moderate noise level improved creative performance, presumably because abstract processing is
promoted as part of the creative process. Noise that is too loud impairs information processing
and therefore inhibits creativity (Hillier et al., 2006; E. V. Hoff & C)berg, 2015; Martens, 2011



Figure 2.8

The four phases commonly
associated with the cre-
ative process. This includes
jumps between and loops of
different phases. Adapted
from Prasch et al. (2021).
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Mehta et al., 2012; Stokols et al., 2002). However, Dul and Ceylan (2014) and Dul, Ceylan, and
Jaspers (2011) conclude that the absence of silence can hinder creativity. According to the authors,
any sound that is perceived negative can hinder creativity. They define positive sounds as silence,
music and the absence of noise. Next to noise, the color design of the physical work environment
can influence creativity (Dul, 2019). There are conflicting results regarding the influence of cold
(e.g., blue) and warm (e.g., red) colors, with the former being associated with relaxation and the
latter with stimulation (Stone, 2003). While McCoy and Evans (2002) found that cold colors were
negatively linked to creativity, Ceylan et al. (2008) and Mehta and Zhu (2009) found the opposite.
Duland Ceylan (2014) and Dul, Ceylan, and Jaspers (2011) argue that both warm and cool colors
are conducive to creativity. Similar to the intangible environmental elements listed so far, results
vary with regard to lighting conditions at the workplace. While McCoy and Evans (2002) found
no light-related influence on creative potential, others argue for adequate lighting (e.g. Soriano de
Alencar & Bruno-Faria, 1997) and especially sufficient daylight (e.g. Ceylan et al., 2008; Galasiu &
Veitch, 20065 E. V. Hoff & Oberg, 2015) at the workplace. In contrast, Steidle and Werth (2013)
experimentally demonstrated that darkness promotes the generation of new ideas but weakens
analytical thinking. Although—as with the other environmental elements—perceived control over
the environmental situation seems to be positive for creativity (Samani et al., 2015), the results of
Veitch and Gifford (1996) show the opposite for light control. An overview of characteristics of the
physical work environment and their respective effects on creativity can be found in figure 2.7 and
in Meinel et al. (2017). The authors especially cite varying measurement approaches as a possible
reason for these incongruent findings.

2.2 Amplification

Despite incongruencies in the specific findings, the endeavor to support humans in the creative act
has seen various approaches so far. Following the £P model by Rhodes (1961), primarily process and
presshave the potential to increase creative performance (Prasch & Bengler, 2019). The development
of Creativity Support Systems (CSSs) in particular is often focused around the creative process
(Shneiderman, 2007). This process, or succession of thoughts and actions that lead to original and
appropriate productions (Lubart, 2001), can be divided in two perspectives: (i) macro processes
describing creative stages, and (ii) mzcro processes describing mechanisms of creative thinking
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(Botella et al., 2018). While there is a general consensus at the micro level that there are divergent
and convergent thinking processes (Botella et al., 2019), at the macro level, the nature, as well as
the number of stages involved, are still disputed. For instance, Botella et al. (2018) describe 20
different process models developed between 1926 and 2016, while noting these models represent
only a fraction of the total number of models developed. However, the most common approach
follows Wallas (1926) and proposes four phases associated with the creative process (Amabile, 1996;
Lubart, 2001). Those phases are (i) problem identification/finding, (ii) preparation (or information
research/finding), (iii) idea generation/finding, and (iv) idea evaluation (Amabile, 1983; 1988; Gero
& Kannengiesser, 2004; Howard et al., 2008; Olszak & Kisielnicki, 2018; Prasch et al., 2021).
This process, including iteration or jumps and loops between the different phases is depicted in
figure 2.8.

In her Componential Theory of Creativity (for a detailed description, see section 2.1), Amabile
(1996) connects the existing four phases of the creative process with the additional phase she
calls ontcome. These five phases may be followed sequentially or non-sequentially, using loops or
iterations as necessary. Figure 2.9 additionally includes factors influencing the different stages as
identified by Amabile (1983). At the center of this model is task motivation, which either directly
or indirectly impacts all other components of the creative process. It is influenced by the social
environment, as well as explicit and implicit feedback based on the outcome of the process. In turn,
task motivation directly influences problem or task identification, as well as response generation.
Additionally, it indirectly (via domain relevant skills and creativity relevant processes) influences
preparation and response validation and communication.

When supporting creativity as part of these processes, we speak of CSSs (e.g. Massctti, 19963
Wierenga & van Bruggen, 1998). Research on CSSs has been growing in recent years but is still
developing (Bonnardel & Zenasni, 20105 Shneiderman, 2007). Analog tools and methods have a
rather rich history (e.g. Osborn, 1952). They can be roughly divided into procedural and phase-
specific methods of support addressing macro or micro processes respectively. While procedural
support systems often take the shape of frameworks covering the entire process (macro support,
e.g. TRIZ (Savransky, 2000); Design Thinking (Brown, 2008)), phase-specific methods usually are
used as parts of said frameworks and support specific goals within certain phases (micro support).
Analog tools often come in the form of card decks (e.g. Friedman & Hendry, 2012; Hornecker,
20103 F. Mueller et al., 2014). Purely analog CSSs are, however, increasingly in the minority. A
recent review by Frich et al. (2019) identified 143 papers published between 1999-2018 concerning
CSS, a vast majority of which (131) described tools intended for digital use. This trend started
approximately 25 years ago with Shneiderman (2002) and Fischer (2004) pointing out the potential
of computers for enhancing human creativity. They were quickly followed by Lubart (2005), stating
that “computers may facilitate (a) the management of creative work, (b) communication between
individuals collaborating on creative projects, (c) the use of creativity enhancement techniques,
and (d) the creative act through integrated human-computer cooperation during idea production”
(p-36s) in different modes of HCI. Depending on whether the systems offer group- or individual-



Figure 2.9

Componential Theory of
Creativity displaying the
stages of the creative
process. The dashed lines
indicate influencing factors,
and the wavy lines steps in
the process (variations in
the sequence are possible).
Adapted from Amabile
(1996).
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Group support systems typically focus on tele-cooperation and support of the creative process

by information exchange. The majority of these systems support one phase, namely ideation
(Gabricl etal,, 2016). This is attributed to the focus on divergent thinking as key factor in creativity
research during the last decades (see Puccio & Cabra, 2012). Some of the systems for individual

support address the entire creative process (e.g. Forgionne & Newman, 2007; Marakas & Elam,

1997). Most of them, however, support one or more (but not all) of the phases depicted in figure 2.8.

The number of systems by which each individual phase is supported though, varies to a great extent

(Prasch et al,, 2021). In their review of 48 CSSs, K. Wang and Nickerson (2017) identified 7 systems

supporting problem identification, 19 supporting preparation, 42 supporting idea generation, and
20 supporting evaluation. Systems that concentrate on and support only a single phase, are available

for preparation and idea generation (K. Wang & Nickerson, 2017). Overall, idea generation seems

to be the most widely supported phase (see rich et al., 2019; Gabriel et al., 2016). K. Wang and

Nickerson (2017) identified four aspects of support mechanisms and summarized them in their
framework: (i) motivation for the creative task, (ii) a structured creative process, (iii) divergent
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Aspects Components Features to Support the Component
Motivation Motivational Priming  Affective Priming, Achievement Priming
Creative Process Process Completeness  Modules to Support Each Step in a Complete

Creative Process

Process Control Allowing Process Planning, Allowing Iteration
and Selection of Steps

Divergent Thinking Stimuli Providing Different Levels of Stimuli, Provid-
ing Stimuli Dynamically

Long Term Memory External Long Term Memory, Such as Knowl-

edge Base and Case Library; Facilitating Search

Working Memory Supporting Association, Visualization, Ran-
dom Combination

Creativity Techniques  Facilitating the Use of Creativity Techniques;
Computational Creativity Techniques

Convergent Thinking  Comprehension Labeling, Classification, Simulation

Decision Criteria Based Comparison, Decision Support

thinking, and (iv) convergent thinking (see table 2.3). The most commonly supported phase, idea
generation, is mostly comprised of divergent thinking. We will describe its components, as they can
be supported by CSSs (stimuli, long term memory, working memory, and creativity techniques),
in detail in the following sections.

2.2.1 Stimuli

The basis of using stimuli or search cues for ideation stems from the cognitive literature. Stimuli are
used to retrieve concepts from long term memory. These are consequently processed in the working
memory, which can result in creative ideas ( ). Not all stimuli have a positive,
creativity-enhancing effect, however ( ). There are two main approaches
to providing meaningful stimuli. The first is to limit stimuli to one certain category, providing
narrow but deep insights. The second relies on deliberately touching upon many categories,
providing broad but rather superficial cues. No matter which of the two approaches is followed,
stimuli should be presented dynamically, starting broad and becoming increasingly targeted and
closely related to the ideas that are already promising ( ; ).
For example, in a study by , participants were shown images that were based
on keywords they had used during conversation. In an additional condition,

The framework for design-
ing Creativity Support Sys-
tems for individual support
as proposed by
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selected specifically rare concepts in order to introduce additional breadth of inspiration.
Both types of stimuli had a positive effect on participants’ creativity compared to a control group.

2.2.2 Long Term Memory

Searching for information can be a crucial way of obtaining the domain-relevant knowledge needed
to solve a problem creatively ( ). It can, however, be rather time consuming and could
be supported by an Artificial Intelligence (AI) (see section 4.1). Search strategies and techniques, as
well as user interfaces of search engines, have been studied in relation to creativity (e.g.

). While using the internet to research information is not inherently suppressing creativity,
studies suggest there might be a better way than traditional search engine User Interfaces (Uls).
Designing interfaces to specifically support creative problem solving is uncommon but intriguing
( 5 )-

Enabling users to effectively search and find what they are looking for is the main objective
for the long term memory component. Effective search is depending on two major contributors:
where we search, and how we search. In terms of digital support, this would entail which database
is used (including its specific search algorithms), and how exactly the Ul is designed. Google, as
most widely used search engine, has been the focus of several creativity studies already (

; ). While the current Ul is often criticized as too convenient and
thus enhancing conventional thinking, found that a group using Google to
build paper planes produced more creative solutions on average. They note, however, that the two
most creative solutions were produced in the control group that was not using Google. The reason
could be that exploratory behavior of diversive curiosity, or searching broadly for a solution and
encountering new stimuli, is not the goal of an interface like Google which presents deep, narrow
stimuli.

Within specific domains, there might be a variety of online resources providing domain-relevant
knowledge. Inspiration, for example in the design domain, can be obtained from websites like
Dribbble* or Behance*. These platforms allow individuals to share their work, and can be searched
by everyone with internet access. The presentation of previous solutions can, however, have
detrimental effects on idea novelty ( ). This eftect is known as design fixation
( ) and describes the inappropriate reuse of certain features of precedents. As
such, design fixation is one example how certain stimuli can be harmful for creativity.

2.2.3 Working Memory

The working memory component consists of “temporary information storage, combination, asso-
ciation and other information processing” ( , p-21), while visualizations
and randomness play a crucial role. By providing visual stimuli during a creative task, people’s
creativity has been positively affected in the past ( ). Even unrelated items
have been shown to increase originality of the output ( ). Those visuals have taken


www.dribbble.com
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the form of randomly presented pictures unrelated to the topic ( ) or images
that illustrate previous ideas of participants ( )-

Additionally to visualizations, suggest supporting associations
as feature of the working memory. The structure of associations is one of the differences between
highly creative and less creative individuals ( ). Itis assumed that due to flat associative
hierarchies, highly creative people can more easily retrieve more remote associations. This is
disputed, however. In a recent study, concluded that the hierarchical flatness

was not the aspect differing between less and more creative persons, but a higher associative fluency.
Specifically, more creative people tend to form longer chains of associations, moving further away
from the original key concept. Less creative people tend to stay fairly close to the original key
concept and thus, form more closely linked associations. This concept has been reproduced
in recent years, highlighting the importance of intelligence for creative cognition and divergent

thinking ( ).

2.2.4 Creativity Techniques

The last component of divergent thinking are creativity techniques. classified two
types of creativity techniques: analytical and intuitive. While analytical techniques are structured
and generate logical patterns of thought, intuitive techniques allow participants to freely associate
or make leaps to arrive at a solution ( )- suggest
to include those techniques in a CSS and propose to label them accordingly. These labels should
enable the users to decide which one to pick for a certain task. The correct application of a
creativity technique can enhance peoples creativity-relevant processes, or, in other words their
“explicit knowledge of heuristics for generating novel ideas” ( , p-362). Generally, the
literature on creativity techniques, especially handbooks on how to use them, is manifold (e.g.,
).

The repertoire of techniques can be used in different ways by groups or individuals. For
instance, they could be used in thought experiments, role-plays or discussions—depending on the
chosen technique. The Walt-Disney-Technique, for example (see ), motivates people
to change perspectives, encouraging them to think about a problem as a pessimist, optimist, and
neutral observer. When used in a group, those different perspectives can be played by different
participants. When used by individuals, regularly and actively changing ones perspective is crucial.
Besides the two traditional settings (group vs. individual), chatbot technology has been studied
as a means to structure the creative approach by moderation of a virtual brainstorming session
( ). The general use of digital technologies to foster idea generation by guiding
participants through several creativity techniques has been discussed by in
their Multi-Perspective Thinking (MuPeT) framework. The authors recommend future use of
creativity techniques presented via digital tools to foster divergent thinking.

For continued development, the evaluation of CSSs plays a crucial role in order to generate
meaningful support. In their recent review, specifically criticize the lack of
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Method Creativity Aspects Source

Creativity Support  Collaboration, Enjoyment, Exploration,

Index (CSI) Expressiveness, Immersion, Results Worth  and

Effort
Observation Knowledge Generation Through CSS and
Interview Perception and Usage of Tools, Advan-

tages and Disadvantages

evaluation of CSSs and call for a more meticulous approach.

2.2.5 Evaluating Creativity Support Systems

In order to properly evaluate CSSs, it is essential to determine their respective influence on the
creative outcome. This entails—as discussed in section 2.1—several problems with the assessment
of creativity in and of itself. observed a wide range of evaluation methods, ranging
from traditional creativity traits to classic usability principles. Especially the scarcity of creativity
metrics has been called out by . The evaluation methods used range throughout
the entire spectrum of HCI research, with some researchers employing quantitative questionnaires,
whilst others use interviews or observations. Researchers generally agree that a one-size-fits-all
solution will not be feasible, but that a toolbox of methods for evaluation should be the goal (
; ; 32000).

The most well-established and standardized tool for evaluation of the creativity-supporting
aspects of digital tools is the Creativity Support Index (CSI). This questionnaire, which is in its
characteristics similar to the NASA-TLX ( ), a widely used questionnaire
assessing workload, was developed by and refined by

. While the CSI is flexible enough to be used for the evaluation of a variety of CSSs,

the authors propose its use in conjunction with other evaluation methods. Despite the consensus,

found in their review that only 3 out of the 113 papers included used the method.

The authors additionally note that in recent years, many evaluations focused on usability instead

of creativity. This is especially dangerous due to the potentially conflicting criteria (e.g. efficiency,

precision, error prevention, and adherence to standards ( ; )

for usability contrasting exploration, experimentation, and deliberate transgression of standards
( ; ) for creativity). Due to this potential conflict,

caution that usability tests might not be appropriate to evaluate creativity support. Instead,

they recommend to properly separate the two. An overview of used methods can be found in

table 2.4.
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In summary: measurement as well as amplification of creativity at work are widely inconcise,
and would greatly benefit from an easy-to-use, scalable measurement instrument which makes
results comparable across different studies. In the following chapter we will describe an attempt to
develop such an instrument using User-Centered Design (UCD).






C

Measurement

URRENT TESTS for the creativity of ideas or products often rely on self-ratings or ratings by others
(usually experts). This is also the approach used in the gold standard of creativity measurement (
), the Consensual Assessment Technique (CAT;
as already stated in the original research, there is an issue with scalability, as tests like these generally
require a lot of time, effort, and resources (see section 2.1). The sheer multitude of creativity mea-
surement instruments employed is staggering. This is the case partially because of the complexity of

). Unfortunately,

the construct itself. Additionally, however, hardly any of the current measurement instruments are
easy to use, meet psychometric requirements (e.g. ; ; ;
H H H 5 ), and scale
practically ( ). Thus, based on the novel and useful paradigm,
propose several specifically tailored tasks that allow for creative solutions. These tasks can be
evaluated using an algorithm and their results can be compared on a continuous scale. Additionally,
having tasks that can be assessed by an algorithm enables implementation of an online variant of
the test. With proper User-Centered Design (UCD), ease of use for researchers as well as study
participants can be ensured. This is crucial in order to facilitate the general use of the test, and thus
tackle the aforementioned problems of current creativity tests.
In the following, we introduce the Creativity Assessment via Novelty and Usefulness (CANU)
as a new approach of measuring creativity and subsequent iterative design and evaluation in two

studies.

3.1 New Approach: Creativity Assessment via Novelty and Usefulness

In order to compensate for the problems described in section 2.1, an entirely computer-based

task was developed that relies on the definition of in order to quantify creative

35
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published in
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production of individuals (as described in ). The creative product is the result of
a combination of all other factors contributing to creativity (see equation (1.r)) and thus the most
promising point of assessment ( ; ). In order for
a product to be deemed creative, it should be judged as novel and useful ( ;

; ; ). Novelty and usefulness are overarching terms for
clusters of characteristics (new, original, novel and appropriate, useful, valuable) found in several
prominent definitions of creativity ( ). The significant distinction
between the CANU and previous approaches is that the entity judging novelty and usefulness
is a machine. The test employs two different sets of tasks, each of which has to be completed in
180 seconds. The time limit was introduced because infinite (or very long) time on task limits the
distinguish-ability between highly creative and moderately creative individuals (

). The two tasks result in a computer determinable (and thus scalable) interpretation of the
participant’s solutions, evaluating each of them individually regarding novelty and usefulness.

In order to fulfill scalability while retaining the potential to get creative, the tasks designed
for the CANU must meet the diverse requirements of humans as well as computer systems. The
main difficulty in developing creativity tasks is to set them up in such a way that they can be
interpreted and evaluated by a machine while still having an open solution space. Of the two
relevant dimensions, novelty and usefulness, novelty is the one that is easier for an algorithm
to grasp. Following the paradigm used in most product creativity measurements—judging the
different outcomes in relation to each other—assessing novelty can be achieved relatively simple by
using the inverse frequency. This means, the more often a certain solution to a problem has already
been produced, the less novel it should be considered. In contrast, usefulness is more challenging
for an algorithm to assess, because it must be understood in context (see chapter 1). Since usefulness
can be understood as the degree to which a proposed solution can solve a certain problem (

), both the problem as well as the solutions capability to solve it, must be interpretable by
the algorithm. In order to achieve this, a set of rules or criteria must be defined that the algorithm
can treat as conditions on the basis of which usefulness values can be assigned. To properly classify
them on a continuous scale, a maximum as well as minimum useful solution should be known. To
tackle these diametrically opposed requirements of humans, who need a solution space that is as
open as possible for it to enable creative solutions, and machines, who need specific criteria and
thus a limited solution space, two tasks have been designed: New Words and Blocks.

Both tasks essentially require the fulfillment of predefined conditions given specified building
blocks. This ensures machine readability by calculation of the degree of fulfillment and compa-
rability of the similarity of different solutions by identification of the entities used. Additionally,
through alteration of either the provided building blocks or conditions to be fulfilled, multiple
configurations of essentially the same task can be tested. This makes for easy retests and therefore
increases the number of solutions a single participant can produce. New words is a verbal task, in
which words need to be formed from a given set of letters. The letters provided can be changed,
so that a new configuration of the task is achieved. Blocks is a visual constructive task, in which a
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number of identical solutions

certain shape has to be filled using given tetrominoes. Through variation of the shape to be filled,
the configuration of the task can be altered. In order to ensure a multitude of possible solutions,
each tetromino can be used an indefinite number of times. A graphical representation of the two
tasks can be seen in figure 3.2.

3.2 Novelty

As already stated, the novelty of a solution can be determined using the inverse of its frequency.
This means a unique solution will be assigned the numeric novelty value of 1, whereas a solution
that has been produced by every participant would be assigned the numeric novelty value of o.
This can be expressed in the following function of N and #:

ifn =
FomNy=3t ! (3.)

N clse,

where N equals the total number of solutions, and 7 equals the number of identical solutions.
Figure 3.1 shows the plotted novelty function.

Hence, the novelty of a solution is independent of the task or configuration in the sense that
the exact same formula can be used for all current (and potential future) tasks. The novelty of each
solution (new words as well as blocks) was calculated using the formula provided in equation (3.1)
for each specific task configuration (letter combination or blocks outline). The capabilities of an
online test and the corresponding database enable real-time updates of each solution’s novelty.

3.3 Usefulness

Usefulness, however, is highly dependent on the problem that needs to be solved and is thus
context-sensitive. It is determined by the degree to which participants completed the given task

The novelty function if it
were plotted, where N
equals the total number of
solutions, and # equals the
number of solutions identi-
cal to the one in question
(assuming both variables are
continuous).
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successfully. Numeric usefulness values between o (not successful at all) and 1 (perfect solution)
are calculated using the ratio between the building blocks (i.c., the letters and tetrominoes) used
accurately, and the maximum amount of building blocks in a perfect solution. The more building
blocks have been adequately used, the better a solution is. This entails a specific usefulness function
for every task presented. The two tasks that were implemented in the CANU shall be examined in
the following.

3.3.1 New Words

The task new words is in its characteristics similar to the popular board game Scrabble. Participants
are presented with a set of letters in random order, from which they are instructed to build coherent
words. The goal is to use as many of the letters provided as possible in order to construct new
words (see figure 3.2 Jeft). Thus, the usefulness of any given solution is calculated using the formula

Sl Ny = 2, (2)
Nmax

where 7,34 is the number of letters included in valid words and Np,y is the total number of letters
provided. To determine the validity of a word, it is checked against a corpus of existing words. Any
given word that is part of the corpus will be counted as valid solution*. This corpus deliberately
includes colloquial phrases in order to maximize the potential for creative solutions. To increase
difficulty and limit the amount of possible solutions, each individual letter can be used only once.
This task is also a prime example for the above-mentioned relationship between work and entropy.
While using energy, participants order the random, chaotic letters into meaningful words, thus
increasing informational value.

3.3.2 Blocks

The task blocks was inspired by the Chinese dissection puzzle Tangram and can be described as
related to the video game Tetris or the board game Ubongo. Participants are given a particular shape
that they have to fill with tetrominoes to the best of their ability. The goal is to fill the outlined
form as comprehensively as possible, without overstepping the outline or leaving inner squares
blank (see figure 3.2 right). The usefulness of a solution is calculated as

F(n 1 N) = Minner  Mouter (3.3)
Nmax

where 7inper is the number of filled squares within the outline, 7oyger is the number of filled squares
beyond the outline, and N,y is the total number of outlined squares. As already noted, to increase
the number of possible solutions and enable creative problem solving—contrary to Tangram and
Ubongo—each tetromino can be used multiple times. With regard to the concept of negative
entropy, or informational value, the specific configuration chosen by a participant represents a new
bit of previously unknown information.


https://sourceforge.net/projects/germandict/
https://sourceforge.net/projects/germandict/

Evaluation 1 39

New Words Blocks

ALTHOUCH
AHOUGH —
_©® LUJ :?

JLey m==

D IEl ENEEER

3.4 Evaluation1

The proposed test has potential to improve creativity testing in terms of scalability and thus can
contribute to make research on creativity truly comparable. To evaluate the CANU, two studies
were conducted. In this first evaluation study, we investigated the convergent validity of the CANU
through testing it against the Inventory of Creative Activities and Achievements (ICAA).

The ICAA is a rather new and well-developed test that has been validated comprehensively
(Diedrich et al., 2018). The ICAA assesses creative achievements as well as creative activities.
It is therefore opposing the CANU in respect to measuring creative potential versus creative
performance. In order to quantify the true capability of the CANU, we decided to additionally
investigate the discriminant validity of the CANU to the concepts of intelligence and openness
towards new experiences. Intelligence has been shown in the past to have a positive influence on
creativity (Cho et al,, 2010), as has openness towards new experiences for novelty of solutions
(George & Zhou, 20015 Ma, 2009). For statistical analysis, we formulated the following alternative

hypotheses:
H; There is a negative correlation between novelty and usefulness values of the CANU.

H, There is a positive correlation between novelty values of the CANU and openness towards
new experiences.

H3 The novelty and usefulness values determined by the CANU each make an independent
contribution to the prediction of creative activities that goes beyond the predictive capacity
of general intelligence.

Hj The novelty and usefulness values determined by the CANU each make an independent
contribution to the prediction of creative achievements that goes beyond the predictive
capacity of general intelligence.

To empirically examine these hypotheses, we conducted an online experiment running for three
weeks with a total of N = 265 participants.

Figure 3.2

The two types of tasks pre-
sented within the CANU.
New words (left) with a
configuration of 24 letters,
Blocks (right) with a config-
uration of 24 inner squares.

Evaluation of the CANU 1.0
was part of a thesis:

Buttler, J., Kursawe, H.,
Piitz, S., & Schlorf, M. (2019).
Validierung des CANU als
objektives Messinstrument
zur Erfassung von
Kreativitdt [Interdisciplinary
Project]. Technical
University of Munich



Figure 3.3

The eight configurations of
the CANU used in the exper-
iment.
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3.4.1 Procedure & Materials

Participants were sent a link for participation, including the requirement to only perform the
test at a computer (as compared to a smartphone or tablet). When visiting the link, participants
were greeted and read a short introductory page, including the study objectives as well as a data
protection notice. Following, they were carefully instructed to come up with solutions to the
two tasks of the CANU that are “possible, but not everyone can think of”. The participants were
then forwarded to the test pages. Because of the necessity for the browser to save all relevant data
in a session cookie, randomization of the test sections was not possible and always occurred in
the following order: (i) CANU, (ii) ICAA, (iii) Advanced Progressive Matrix (APM), and (iv)
demographics.

CANU

After an instruction video explaining the User Interface (UI) of the given task, participants started
with the blocks task and produced solutions to four different configurations. Afterwards, intro-
duction video and four configurations of the new words task followed. The configurations for the
blocks tasks included 44 (twice), 32 or 28 blocks within the outline, the new words task presented
24 (twice) or 25 (twice) letters. The specific configurations used are displayed in figure 3.3.

ICAA

Following the CANU, participants were presented with the creative activities questionnaire ICAA
(Diedrich etal., 2018). The questionnaire assesses creative activities in the domains literature, music,
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craftsmanship, cooking, sports, visual arts, performing arts as well as science with six items each,
totaling 48 questions. An additional part of the questionnaire asks participants to list the top s
creative achievements of their life, which are later scored by independent raters in the range between
o (not creative) to 4 (extremely creative). In order to simplify the test, we asked participants for the
top 3 of their creative achievements. Ratings are based on the amount of people that are able to
achieve something in general and the amount of practice necessary (e.g. o = riding a bicycle; 4 =

filing a patent).

APM

Because of the aforementioned relationship between creativity and intelligence, APM by

were chosen as a recognized means of assessing intelligence ( )- The
APM consist of two sets, with set I representing a quick version of the entire test. Set I by itself
already yields a robust categorization of participants in 10 % little aptitude, 80 % average aptitude
and 10 % extraordinary aptitude. In order to keep the online questionnaire as short as possible and
thus increase completion rate, a subset of the six most difficult matrices from set I were presented
to the participants. These six matrices have the greatest capability to detect differences between
participants and were presented in order of increasing difficulty.

Demographics

The final section of the online questionnaire was a demographic questionnaire that included the
variables age, gender, education, occupation, language level, presence of dyslexia and openness for
experience. This personality factor was measured using the two items measuring openness form
the short version of the Big Five Inventory (BFI) ( ; ) created
and tested by as BFI-10 (I see myself as someone who has few artistic
interests” and “I see myself as someone who bas an active imagination”).

3.4.2 Results
Sample

Of the N = 265 participants who started the study, » = 210 (53 % female) from the age of 15 to
69 (M = 30.2; 8D = 10.7) were included in statistical analysis. We excluded 43 participants from
the analysis due to technical failures resulting in incomplete data. An additional 12 participants
were excluded from analysis, because they stated in a comments section that they had technical
problems completing the test—despite the data showing complete results. Since the new words task
is highly dependent on language proficiency, we report that 92.3 % of participant’s mother tongue
was German, and only 1.8 % of participants had a language level below C, which corresponds to
a proficient user. 9 participants (approx. 4 %) reported dyslexia. Additionally, we performed an
analysis of the control variable intelligence for assumption of normal distribution. A Shapiro-Wilk
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tive dimensions.
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uv Task Mean SD Skew Kurtosis Cronbach’s«

Novelty Blocks 0.964 0.0463 -1.41 .28 -.25
New Words  0.998 o.or21  -8.45 80.15 .68

Usefulness  Blocks 0.903 0.380 -6.45 46.33 .93
New Words  0.756 0.202  -1.46 2.43 .63

test revealed a violation of the assumption (/7 = 0.654, p < .001). This is contrary to distributions
found in literature and the purpose of the APM, that yielded stable results in the past.

CANU

The results of the two different CANU tests are summarized in table 3.1. For reliability analysis we
calculated Cronbach’s alpha to assess the internal consistency of the sub-scales. Internal consistency
was negative and poor for novelty of blocks and acceptable for novelty of new words. It was
excellent for usefulness of blocks and acceptable for usefulness of new words. Both variables
showed a significant deviation from the normal distribution (tested via Shapiro-Wilkes, novelty
W = 0.565, p < .001 and usefulness 7 = 0.521, p < .001). Thus, the nonparametric Kendall
Rank Correlation was used in the analysis of relationship. The test revealed a significant negative
correlation between the two variables novelty and usefulness (73 = —.47, p < .001). A Kendall
Rank Correlation revealed no significant relationship between a participant’s openness and the
novelty of solutions they produced (zz = .001, p = .530). As a limitation of these correlations, it
has to be mentioned that Kendall’s 7 does not allow for a reliable declaration of effect size.

ICAA

The results for the ICAA were calculated according to by using the mean of
the sum of all items for each participant’s creative activity. Creative achievement was rated by two
raters in the range of o (not creative) to 4 (extremely creative). The calculation of a squared Cohen’s
Kappa of the ordinal data revealed good inter-rater reliability with « = .81 (z = 20.9, p <.001).

In order to quantify the contribution the results of the two dimensions of the CANU, nov-
elty and usefulness, have on the prediction of creativity, we conducted two hierarchical linear
regressions. To explain variance within the dependent variable, and explore whether novelty and
usefulness extend the predictive power of intelligence, we conducted three steps of linear regressions.
First, intelligence—determined by the solution frequency of the APM—was used as predictor.
Subsequently, we added novelty and in a third step usefulness to the model. The order in which
the two variables were added to the model is in line with literature which states that novelty is
considered to be a more meaningful factor towards creativity than usefulness (



Evaluation 1 43

Step Predictor ~R*> AR? B SEB § p
I o1 .ol
APM 2.96  1.90 0.11 J21
2 o1 .00
APM 2.79  1.93 o010 .48
Novelty -12.90 2271  -0.04 .§71
3 o1 .00
APM 2.87 194 o010 139
Novelty -16.06  23.68 -0.05 .498
Usefulness -0.66 137 -0.03 .630

). Novelty as well as usefulness were aggregated for each participant using the mean in order to
increase the tests reliability.

Creative Activities

The results of the first hierarchical linear regression can be found in table 3.2. The analysis revealed
that none of the predictors (apm, novelty and usefulness) was able to explain a significant amount
of the variance of creative activity in neither of the three models (£1(1, 208) = 2.43, p; = .121;
F5(1,207) = 1.37, po = .256; F5(1, 206) = 0.99, p3 = .399). The total variance accounted for by
the model is R? = 1.4 % in the third step.

Creative Achievements

Results of the second hierarchical linear regression are listed in table 3.3. The three models do not dif-
fer significantly in the amount of variance explained (£1(1, 208) = 2.92, p; =.089; F5(1, 207) = 2.26,
p2 =.107; I5(1, 206) = 1.96, p3 = .122). When including all three variables into the model, intelli-
gence was a significant predictor of creative achievements. The total variance accounted for in the
third step is R* = 2.8 %.

Exploration

We conducted some additional analyses to further explore our data. As both parts of the CANU are
similar to popular games, we expected performance to be correlated with the skill level in these games.
We found a trend, suggesting that participants who are better at Scrabble also produce better results
in the novelty dimension of the new words task (75 = —.04, p = .08). Additionally, participants

Hierarchical multiple linear
regression to predict cre-
ative activity via novelty and
usefulness. The APM score
is included as a control vari-
able and measure for intelli-
gence.



Hierarchical multiple linear
regression to predict cre-
ative achievement via nov-
elty and usefulness. The
APM score is included as a
control variable and mea-
sure for intelligence.
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Step Predictor ~R* AR? B SEB § P

I o1 o1
APM -0.56 032 -o.2  .089
2 02 .ol
APM -0.61 033 -0a3 .06I
Novelty -4.88 3.87 -0.09 .208
3 03 o1
APM -0.65 0.33 -0.14 .049
Novelty -3.60 4.03 -0.06 .373
Usefulness 0.27 0.3 0.08 .248

that reported to be good in Tetris or Ubongo did produce significantly better results in the novelty
dimension of the blocks task (Tetris: 73 = —.11, p <.001; Ubongo: 73 = —.01, p = .001).

When analyzing the data from the ICAA, we did not find a correlation between creative
achievements and creative activity (zz = .05, p = .841). We also did not find a correlation between
intelligence and the mean of each participants usefulness (73 = .17, p = 1.00). However, we
found a significant correlation between intelligence and the mean of each participants novelty
(75 = —.09, p = .048).

3.4.3 Discussion

As of now, results are still inconclusive. Further development and testing is necessary, especially
considering the distributions of novelty and usefulness in both tasks. The main issue with the
new words task appears to be the fact that the solution space is too vast to properly compare
solutions in terms of their novelty. To remedy this, the number of letters presented could be
reduced. However, this approach needs to be implemented carefully as a reduction of the solution
space could minimize creative opportunity in the task, thus rendering it obsolete. Another strategy
to improve the current task is to target a word-wise comparison of solutions. Currently, solutions
are only deemed equivalent if they match in their entirety.

The blocks task shows very high usefulness values, and a better comparability of solutions
than the new words task in terms of novelty. Another benefit of the task that is that it is free of
language-specific knowledge, which makes further development of this task promising. In order to
increase the test’s capability to properly differentiate between solutions, configurations should be
constructed more difficult and smaller in terms of their outline (blocks to be filled). This would
simultaneously reduce the number of perfectly useful solutions, and potentially increase frequency
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of identical solutions. As a result, truly novel solutions would become more significant. To maintain
creative potential, additional options of manipulating the elements is required. We suggest adding
the possibility to re-size the elements. This would open an avenue for increased manipulation
and therefore expand the possibilities to alter the solution in additional ways, allowing for more
creativity.

While the two dimensions novelty and usefulness do not account for a significant amount
of variance (neither for creative activity, nor creative achievements), neither does intelligence.
This is contrary to the common understanding that intelligence and creativity correlate positively
( ). A possible explanation for this might be the non-representative sample.

The significant, negative correlation between novelty and usefulness values produced by par-
ticipants using the CANU is in line with findings from literature (

More common solutions tend to be particularly useful. They are, however, not creative (
). Correspondingly, only a small amount of unusual solutions is simultaneously useful.

In contrast to the literature, we did not find a significant correlation between openness and
novelty ( ; )- This finding suggests that either
novelty (or rather the frequency of occurrence) as assessed by the CANU is a different construct
than the ones measured with previous methods, or that openness was not fully captured by the
two items from the short version of the BFI used in our study. The latter is supported by the fact
that the reliability analysis of the two items revealed a Cronbach’s @ = .46 which suggests bad
internal consistency. Generally, novelty was highly skewed towards novel values (especially in the
new words task), which will potentially change over time with an increase in overall solutions.
This would enhance the probability that a certain solution has previously been found, therefore
lowering the overall novelty values. This key concept of working with big samples should increase
the informational value provided by the CANU over time.

Considering the non-significant correlation between objective (other-rated, top 3 creative
achievements) and subjective (self-rated, questionnaire of creative activities) creativity, there might
be an inherent difference between feeling creative (or being active in creative domains) and getting
recognition for creative achievements. This distinction should be further investigated in order to
determine differences and therefore comparability of results. has already reported
a similar effect in team creativity. For individuals however, this could be further indication of the
fact stated by that creative activities seem more appropriate to assess little-c
creativity, whereas creative achievements more properly describe Pro-c creativity.

Limitations & Future Research

The results suggest that creativity is comprised of more than just novelty and usefulness. Usefulness
can be considered a factor which enables creative ideas to make the leap into reality, but neither
usefulness nor novelty (or in this case, grade of uniqueness) explain a significant amount of variance
in our models.
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The tasks used within the CANU are highly artificial and do not necessarily require real-world
creativity. This is however somewhat countered by the fact that new words shows a trend and
blocks correlates with skill level in popular games. For these games we argue that most people
would agree: A certain amount of creative problem solving is necessary.

The overall intelligence in the sample was very high and non-representative of the general
population. The distribution of intelligence is by no means normal and highly skewed towards
higher intelligence. A reason for this potentially lies in the recruitment strategy at the university
only, and the respective educational background of our sample. More than 75 % of our sample had
a Bachelor’s degree, Master’s degree or PhD. This is does not match the distribution of the general
population, where only approx. 18 % of people are placed in this category (

).

The correlation between novelty and intelligence is likely present due to the high intelligence
found in our sample combined with the fact that novelty values overall were very high. With
an increase in solutions as well as a more representative sample, this correlation might disappear.
Future tests should evaluate this relationship in order to verify that the CANU measures something
other than intelligence. The lacking relationship between intelligence and usefulness (which are
both traditionally associated with convergent thinking) is promising in that regard. As of now,
however, it can not be stated with confidence that there is no significant overlap between the
CANU and traditional intelligence tests. This is especially true when considering the fact that
measurement of intelligence was conducted using only a subset of the short hand version of the
APM. This might result in a lack of reliability of results. Additionally (as is always the case in online
studies) we could not control the participant’s environment. Overall, for a first experiment the
results are promising. The continuation of the development will be further described in the next
sections.

To summarize, there are several avenues one could take to improve the CANU. To increase
information value, the amount of unique solutions should be reduced. Simultaneously, the
possibility to interact creatively with the test should be increased. Additionally, the ability to
account for multiple solutions per participant could be improved. In order to achieve this, we
suggest reducing the complexity of the blocks task while enabling additional interaction possibilities.
This could be complemented by collecting multiple solutions per participant, not only to increase
the number of overall solutions (making each solution better distinguishable in terms of novelty),
but also accounting for divergent thinking—similar to traditional creativity tasks like “finding new
usages for a paper clip”.

Furthermore, due to its complexity, it might seem reasonable to drop the new words task
altogether. This would additionally reduce the number of different solutions while also freeing
the test of its language specificity. In the future, additional tasks that comply with the same
basic principles (machine readability of solution and potential for creative problem solving) can
be developed and tested. This can enable research on domain specific creativity and facilitate
comparison between different tasks and people.
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3.5 Redesign

Following the results of the previous evaluation, the CANU was redesigned. Modifications were
focused solely on the tasks and the participants’ side of the measurement tool. First and foremost,
the new words task was eliminated. Due to it’s complexity and language-specificity, the probability
that it could be altered in a way to meaningfully function in the CANUs ecosystem was deemed
too low to continue development. The blocks task was changed in order to remedy the identified
shortcomings in the following ways:

Including Divergent Thinking

As common with other creativity measurement types (see section 2.1) and suggested in the previous
discussion, we enabled participants to submit multiple solutions to each individual problem.
This approach was chosen not only to include divergent thinking patterns in the task but also to
increase the frequency of each solution. When every participant can submit multiple solutions, it
is reasonable to expect increased comparability between the solutions and increased frequency for
low-novelty variants, making truly unique solutions more impactful.

Reducing Solution Space

We aimed to make the task more difficult to solve perfectly while simplifying configuration and
task. This was achieved by instructing participants not to fill a predefined form, but rather to
approximate a geometric shape (a square) with the building blocks provided. Each building block
could only be used once per solution, while the dimensions of the shape to be constructed remained
undefined. This procedure enables participants to create multiple solutions of different sizes.

Increasing Interaction

The redesign of the CANU involved enabling participants to resize the building blocks in order to
maintain creative potential. This is especially important in order to enable truly novel solutions,
especially since the solution space shall be reduced and multiple solutions per participant can be
constructed.

3.5.1 Puzzle Task

All these changes resulted in a new task, which will be referred to as puzzle task. In this task,
participants need to form squares with a set of puzzle pieces provided (sce figure 3.4, left). In order
to increase recombination potential, the pieces are no longer tetrominoes. The construction space
isa5 x5 grid. Squares of any size will represent perfectly useful solutions. The farther participants
deviate from a perfect square, the less useful a solution will be considered. There are two ways
to deviate from a square: over-filling and under-filling (see figure 3.4). The amount of these over-

Design and evaluation of
the CANU 2.0 were part of
a thesis:

Bender, J. (2021).
Development of a
measuring instrument for
the analysis of creativity
[Master’s Thesis]. Technical
University of Munich
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sented by dashed borders.
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Puzzle Pieces Perfect Over-filled Under-filled
U=49 U=24L _ 7 =80 _ g
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or under-filled squares is set in relation to the size of the entire construct and subtracted from a
perfect usefulness score using the following formula:

F(ni, 1y N) = Zinside ;V”outside) (3.4)
where 7,54 is the total number of filled squares in the related square, 7,,4e is the total number
of filled squares outside the related square, and NN is the total number of fields of the related
square. We understand the term related square as the square that was attempted to be filled by the
participants (see figure 3.4, dashed borders). The related square is calculated depending on the
usefulness values. Whichever related square within the S x 5 grid results in the highest usefulness
will be treated as the related square. For example, for the under-filled solution in figure 3.4, a
usefulness of U = .88 is calculated using 7;,5de = 8, Zouwside = 0> and N = 9. The other possible
related square for the under-filled solution would be one where N = 4, thus rendering it a heavily
overfilled solution. With 7j,i4. = 4> Zouside = 4 and N = 4, usefulness would be U = 0
however, so that the related square of N' = 9 is chosen by the algorithm. Novelty is calculated
using equation (3.1) due to its task-independence.

All possible rotations (usually four) of produced solutions are automatically submitted, since
they do not represent an additional creative performance. The specific wording of the task was a
matter of discussion and subject to extensive pretests. In the end, we chose the instruction: “Form
squares (or close to squares) with the pieces provide in the Pieces Pallet”. It should leave sufficient
room for interpretation so that unfinished solutions can be submitted while still stressing the fact
that squares are the desired goal. Similar to the blocks task from the previous iteration, this task is
concerned with visual constructive creativity. Each configuration chosen by a participant represents
a new bit of previously unknown information, thus decreasing entropy. Eventually—with enough
participants having participated in the task—the entire solutions space should be known.

Before testing the developed puzzle task on a large sample, a heuristic evaluation following

was conducted. Particularly in the areas of “conformity between system and reality”
and “consistency and standards”, individual difficulties were identified and resolved. Additionally,
several problems regarding the test’s responsiveness could be fixed. Ultimately—in order to enhance
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the ease-of-use and to ensure that future participants understand the given task and the UI, we
implemented a walk-through. The walk-through highlighted specific parts of the UI (see figure 3.5)
and presented a quick explanation (e.g. “Pieces Pallet: Choose the puzzle pieces you need here. You
can resize and rotate them only in this area”).

During the puzzle task, participants have to drag and drop the pieces they choose into the
construction grid and use them to form squares. Resizing and rotation is only possible in the
pieces pallet, and only for pieces where it makes sense (i.e. rotation is disabled for the square pieces
and enlargement is only possible for the green squares and the L-shaped piece). Each of the six
pieces can be used once per solution. When a solution is submitted, the construction grid is cleared
and all pieces snap back to their original position on the pieces pallet. The submitted solution
then shows up in the solutions-area once, while all possible rotations of said solution are posted
to the database. In case a participant tries to submit a duplicate or a rotated version of an already
submitted solution, a warning pops up stating that duplicates or rotations cannot be submitted.
After the participants have come up with their last solution, they click the “finish” button and
after a final check whether they truly would like to end the task, are done with the experiment.

Figure 3.5

CANU 2.0 Ul, including the
Pieces Pallet with resizing
and rotation buttons, the
5 X S construction grid, the
overview of previously sub-
mitted solutions, and but-
tons to submit and finish.
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3.6 Evaluation 2

In order to evaluate the functionality of the CANU 2.0 Puzzle Task, an online study was conducted
as a first step toward validation. To assess the capability of the measurement tool to meaningfully
distinguish between creative and non-creative solutions, we compare it to the Creative Personality
Scale (CPS; ) as a way to investigate the convergent validity of the CANU. Because the
CPS covers a different facet of creativity (see figure 2.1 and section 2.1.1), as opposed to the CANU
which is developed as an objective product measurement, a direct comparison of the results of these
measures can be misleading. Thus, we additionally investigated whether task performance could
be influenced by manipulation of the participant’s creative mindset. In this way, we wanted to
assess if task performance is superior under good creative conditions, exploring if the task is bound
to assess creativity or a related construct. Additionally, because people are considered capable to
determine whether a certain task required creativity to solve it, we recorded a subjective assessment
of the CANU 2.0. The puzzle task closely resembles tools often used in intelligence tests, which
is why it is important to determine whether the CANU 2.0 measures a different construct than
classic intelligence tests as a way of investigating the discriminant validity (see section 3.4). For
statistical analysis, we formulated the following alternative hypotheses:

H; There is a negative correlation between the novelty and usefulness values of the CANU 2.0.
H, The motivated group scores better in terms of novelty and usefulness in the CANU 2.0.
H3 There is a positive correlation between the two dimensions of the CANU 2.0 and the CPS.

Hj The novelty and usefulness values determined by the CANU each make an independent
contribution to the prediction of the creative personality that goes beyond the predictive
capacity of general intelligence.

In an online study running for four weeks, a total of N = 78 people divided in two groups
(motivated vs. unmotivated) participated in the evaluation of the CANU 2.0.

3.6.1 Procedure & Materials

Similar to the first evaluation, a link was distributed which led to the studies landing page. This
page included a short introduction, the study objective, as well as the data protection notice. By
continuing, participants gave their informed consent and started the survey. They were randomly
assigned to one of the two study groups, motivated or unmotivated, and the study material was
presented accordingly. After completion, a thank you page including a personal hash was displayed.
This hash serves for the participant’s right to request data inspection or deletion and is known only
to them. Since participants performed the test online, they could choose the working environment
freely as long as they were able to operate a browser-capable terminal device.
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The main part of the study consisted of the CANU 2.0 puzzle task, an intelligence test, a
demographic questionnaire, and the CPS, which was integrated into the questionnaire. Due to
technical necessities concerning the session cookie—and therefore the possibility to link solutions
to the generated hash—no randomization took place. The four elements were presented in the
following order, where the items in ztalics were only present in the motivated group:

1. Motivational Video

©

. Puzzle Task (including Time Limit)
3. APM

4. Questionnaire

5. CPS

Motivational Video

Motivation is an influential factor for creative performance (see section 2.1.3). We presented a
motivational video before the start of the puzzle task in the motivated group. The video was
chosen according to several criteria. First, a video concerning creativity was vital. To identify such
avideo, we searched for the key word creativity in the titles of the videos on YouTube. Second, we
considered at least one million views, as well as a major positive rating (less than 1 % negative ratings)
prerequisites. Thus, we selected the 2:42 minutes long video The Creative Process by

Puzzle Task

The puzzle task started with a walk-through, as outlined in section 3.5.1. Afterwards, participants
confirmed they wanted to start the experiment. In the motivated group, a time limit of 12 minutes
was set and visualized below the language toggle in the upper right corner. The time limit was
chosen after a pretest and represented the average processing time of three participants. We decided
to implement the time limit to strengthen our manipulation and enhance the creative output of the
participants. Time pressure is positively associated with creative performance (section section 2.1.3)
and as such can be understood as beneficial for creativity. The puzzle task ended after participants
had clicked the finish button or the time had run out, whatever happened first.

APM

In accordance with the first evaluation and due to the close relationship between intelligence
and creativity, set I of the APM by was presented. In order to increase the
differentiation of intelligence in the sample (as opposed to the first evaluation), the entire set
containing twelve geometric tasks was used.
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.1 felt that | needed to be creative to solve the puzzle task well”
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Questionnaire

A questionnaire containing demographic characteristics (age, gender, level of education, and field
of work), as well as a subjective assessment of the task and oneself was presented next. Specifically,
participants were asked to rate the items: “7 felt that I needed to be creative to solve the Puzzle
Task well” [strongly disagree—strongly agree], and “How would you rate your creative skills” [very
poor—excellent] on a s-point Likert scale.

CPS

The creative personality, determined by the CPS ( ), was assessed in an additional part
of the questionnaire using multiple-choice items. The CPS is widely used because of its efficiency
( ; ). It consists of 18 adjectives positively
related to creativity and 12 adjectives negatively related to creativity. Participants indicate which
adjectives best describe them. The total number of selected adjectives positively associated with
creativity, minus the total number of selected adjectives that are negatively associated with it, are
used as an indicator for the creative personality of an individual.

3.6.2 Results
Sample

From the total of N' = 78 participants, the data of 10 was excluded due to incomplete results.
This left » = 68 participants (36.8 % female) aged between 18 and 70 years (M = 31.2; D = 12.3)
for statistical analysis. The group assignment was equal, with 34 in the motivated and 34 in the
unmotivated condition. For analysis, we aggregated the solutions produced by each participant and
calculated the average novelty and usefulness. This procedure enabled statistical analysis despite the
vastly different number of solutions provided by the participants. Whenever novelty and usefulness
are reported in this study, the values always refer to the average of each individual’s solutions.

Participants in the unmotivated and in the motivated group show equally high values in the
APM (M, = 0.94, §D,, = 0.08; M,, = 0.94, SD,, = 0.09), indicating the two different groups
exhibited similar levels of intelligence. In line with the first evaluation, a Shapiro-Wilk test revealed
aviolation of normality (/7 = 0.709, p < .001), in contrast to findings in the literature. A Kendall
Rank Correlation revealed no significant relationship between intelligence as measured by the
APM and novelty (z3 = —.067, p = .481) or usefulness (75 = —.037, p = .700).
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Novelty Usefulness Number of Solutions

Group
Mean SD Mean SD Mean SD Total

Unmotivated 0.774 0.158 0.892  0.08I 9.68 6.04 329
Motivated 0.835 o0.19 0.863 0.078 13.40 8.79 456

In terms of the creative personality assessed by the CPS (1, = 3.18, SD, = 2.71; M, = 3.00,
SD,, = 3.11), both groups show results distributed around the middle of the scale from -12 (not
creative at all) to 18 (extremely creative). In terms of the level of creativity needed for the puzzle
task, 67.6 % of participants stated that they either agreed or strongly agreed that the puzzle task
requires creativity to solve it well, while 11.8 % disagreed (see figure 3.6).

Puzzle Task

The participants produced a total of 785 solutions to the puzzle task. The descriptive statistics are
summarized in table 3.4. Both dimensions showed a significant deviation from the normal distribu-
tion (tested via Shapiro-Wilkes, novelty 17" = 0.926, p < .001, usefulness 7 = 0.958, p =.023).
Thus, the nonparametric Kendall Rank Correlation was used in the analysis of relationship. The
test revealed a significant negative correlation between the two variables novelty and usefulness
(75 = —.296, p < .001).

Two Wilcoxon rank sum tests were computed to assess whether participants in the moti-
vated group performed differently to the participants in the unmotivated group in terms of
the novelty and usefulness of the produced solutions. The results are visualized in figure 3.7.
There was no statistically significant difference between the two groups in the dimensions nov-
elty (Mdn,, = 0.78, Mdn,, = 0.82, p = .079, eftect size » = 0.21) or usefulness (Mdn, = 0.91,
Mdn,, = 0.88, p = .128, effect size » = 0.185). Both tests indicate a small effect.

Creative Personality

A Kendall Rank Correlation revealed no significant relationship between a participant’s creative
personality and the novelty (73 = .004, p = .962) or usefulness (73 = —.024, p =.782)) of the
solutions they had produced.

Analogous to the first evaluation of the CANU, we examined the contribution of the two
dimensions towards the creative personality with a hierarchical linear regression. The order of
the predictors used (1. Intelligence 2. Novelty 3. Usefulness) was kept constant compared to the
first evaluation. The results can be found in table 3.5. They show no significant increase for vari-
ance accounted for during the three steps (F1(1, 66) = 0.98, p1 = .327; F5(1, 65) = 0.47, pp = .495;
F;3(1, 64) = 0.28, p3 = .600). The total variance accounted for in the third step is R* = 2.6 %.

Descriptive data of the
CANU 2.0 puzzle task.
n = 68 participants submit-
ted a total of 785 solutions.



Figure 3.7

Boxplots of the two dimen-
sions, novelty and useful-
ness of the puzzle task of
the CANU 2.0, divided in
the two experimental con-
ditions.
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Exploration

As part of this first evaluation of the CANU 2.0, we conducted additional analyses to explore our
measurement tool in greater detail. Accordingly, the following results do not serve as a basis for
generalizable conclusions, but to open up possible starting points for future research.

Creative Skills  For investigation how self-rated creative skills (“How would you rate your creative
skills?”) correlate with the values participants achieved in the two dimensions of the task, a Kendall
rank correlation revealed that neither novelty (73 = —.027, p = .779) nor usefulness (7p = .115, p =
.232) correlate significantly. This means that participants who rated themselves as more creative
did not perform significantly better (or worse) in the CANU 2.0. The analysis of the CPS values,
however, revealed that participants who rated themselves as more creative in our one-item Likert
scale, also produced significantly higher results in the CPS (73 = —.317, p = .002).

Number of Solutions  The total number of solutions submitted was 785. The participants in
the unmotivated group produced 329 solutions and the participants in the motivated group came
up with a total of 456 solutions (see table 3.4). On average, the participants in the unmotivated
condition produced M, = 9.68 (SD, = 6.04) solutions, where those in the motivated group
came up with M, = 13.40 (SD,, = 8.79). A Wilcoxon rank sum test was calculated to investigate
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Step Predictor ~R* AR? B SEB g p

I o1 o1
APM -438 439 012 322
2 02 .01
APM -4.86 4.46 -014 .280
Novelty L75  2.53 -0.09 .493
3 03 .oI
APM -5.14  4.52 -0.14  .259
Novelty 2.41 2.84 oOI2 399
Usefulness 2.61  4.97 0.07 .600

the difference of number of solutions in the two groups, because the data significantly differed
from a normal distribution (Shapiro Wilkes: 177, = 0.914, p, = .011; 17/, = 0.935, p,,, = .044). It
revealed a small, non-significant eftect (Mdn, = 8, Mdn,, = 11.5, p = .052, effect size » = 0.24),
indicating a trend that participants in the motivated group tend to produce more solutions than
the ones in the unmotivated group.

Time The participants spend an average of M, = 5295 (SD, = 385s) on the task in the
unmotivated group, and M, = 5305 (SD,, = 211s) in the motivated group. In the unmotivated
group, the participants handed in their first solution after M, = 143s(SD, = 217s), while
participants in the motivated group did so after M, = 101s(SD,, = 115s). On average, they
produced a new solution every M, = 55s(SD, = 4ls) in the unmotivated and M, = 44s
(8D, = 24s) in the motivated group. A series of Wilcoxon signed rank tests was performed but
revealed no statistically significant differences between the groups.

Creativity Score  Although the multi-dimensional approach is promising and widely used within
the industry, a simple, one-dimensional creativity score would be desirable. Since it is clear that
a creative solution must be both, novel as well as useful (e.g. ), a score would
have to reflect that in case of particularly low usefulness or novelty. Following the formula first
suggested by and later confirmed by the authors again (

), we calculated a creativity score for each solution using:

creativity = novelty x usefulness (3.5)

An example of five individual solutions, and their respective creativity scores can be found in
figure 3.8. It is noticeable that incomplete solutions usually show a high degree of novelty. Solution

Hierarchical multiple linear
regression to predict cre-
ative personality via novelty
and usefulness. The APM
score is included as a con-
trol variable and measure for
intelligence.



Five sample solutions with
their respective usefulness,
novelty —and  creativity
values,  calculated as
described in equations (3.1),
(3.4) and (3.5).

56 Measurement

Solution 1 Solution 2 Solution 3 Solution 4 Solution 5
U=0.9375 U=1.00 U=1.00 U=0.32 U=1.00
N=1.00 N=0.89 N=0.59 N=1.00 N=0.25
C=0.9375 C=0.89 C=0.59 C=0.32 C=0.25

E} HENE

[]

4 and s in figure 3.8 represent two extremes for usefulness and novelty respectively. While solution
4 has a very low usefulness value as it is very far from being a square, but has a high novelty value,
solution s has a very low novelty value as » = 46 participants have submitted this solution, but
represents a perfectly useful solution. Consequently, both solutions have a low creativity score
when using the formula from equation (3.5). Solution 3 is similar to solution s in a sense that it
too has a perfect usefulness value, but has been submitted by fewer participants, resulting in a
higher (but not particularly high) novelty value. Solution 1 is an example of a cluster of 1 different
solutions with the highest creativity values. All of these solutions follow a similar pattern, all being
one square off a perfect 4 X 4 solution, and all having been discovered one time only (albeit by
different participants).

3.6.3 Discussion

The redesign of the CANU yielded some promising results. Ease of execution for researchers and
participants is still given, and the comparability of results is much better as opposed to the first
version. The negative correlation between novelty and usefulness of results is consistent with
findings in literature ( ). In combination with the participant’s subjective
reasoning that one needs to be creative to perform well in the task, this indicates that the CANU
poses a valid approach to measuring creativity.

We found a small trend suggesting that participants in the motivated condition performed
better in terms of novelty and worse in terms of usefulness. However, this trend was not significant.
This lack of significance, however, might not be to the detriment of the test, but rather a result of
inadequate conditioning. Since neither the creativity of solutions, nor the subjective self-assessment,
or the timing parameters of the submitted solutions show any differences, it seems reasonable
to assume that the motivational video and the time limit alone were not sufficient to properly
differentiate between the two groups.

Similar to the first study, neither novelty, nor usefulness or intelligence accounted for a signifi-
cant amount of variance of the creative personality. This might be attributed to the different facet
of creativity that the two tests (CANU vs. CPS) measure. Additionally, this result could have been
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influenced by the unconventionally intelligent sample. However, this relationship is disputed (see
figure 2.2). For instance, suggested that high or at least above-average intelligence
is required to be creative. Other studies show that creativity and intelligence correlate up to a
certain threshold (e.g. ; ), after which intelligence is
less impactful. The threshold in these studies is usually reported to be at 120 IQ points. A more
recent study found that the exact threshold, or even the existence of a threshold, varies depending
on the indicator of creativity, e.g., creative potential or achievement ( )- Overall,
there is no consensus yet in the literature about this relationship, as some studies found correlations
only above a certain threshold ( ) or found no threshold at all ( ).
Considering specific solutions and their respective creativity scores, some characteristics of
particularly creative solutions can be identified. Generally, solutions that show very high novelty
values, but not-perfect usefulness values represent more creative solutions. When comparing
perfectly useful solutions in the CANU 2.0, it is noticeable that those solutions that are comprised
of several pieces, have a large area, a complex structure, and no mirror axis result in higher creativity
values (e.g. figure 3.8 solution 2 vs. 3 or 5). Thus, the test replicates a fact known from literature
that increased complexity often goes hand in hand with increased creativity ( ).

Limitations & Future Research

This second evaluation of the CANU revealed promising trends, indicating that our redesign
efforts are heading in the right direction. However, we did not find a concise relationship between
the CANU and the creative personality. Similar to the first version of the CANU, the puzzle task
remains highly artificial and does not necessarily require real-world creativity. This is, however,
countered by the fact that the majority of participants stated that creativity was necessary to solve
the given task well (figure 3.6).

As was the case in the first evaluation, the overall intelligence was very high in our sample and
the distribution was by no means normal. This is potentially due to the fact that participants were
mainly recruited in an academic environment.

Within the pretest according to Nielsen, the influence of the wording of the task became
apparent. After consultation with the renowned creativity researcher Nathan Crilly, the task
description “Try to form squares (or close to squares) with the pieces provide in the Pieces Pallet” was
chosen. It should give the participant the mental possibility to submit unfinished solutions but
also leave room for interpretation. This, however, is not guaranteed and could potentially be the
subject of future research.

Despite the need for discussion of the developed task as well as the calculation of creativity,
continued development of the CANU is recommended. Especially the calculation and rating of
solutions could be further investigated. Although novelty calculation via frequency of occurrence
has been used before (e.g. ; ), it does not necessarily have to
correspond to novelty as judged for creativity. Additionally, usefulness as defined within a social
context ( ) does not necessarily amount to correctness as prerequisite of the tests.
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The puzzle task itself appears to be artificial enough so that no domain has a distinct advantage,
while still retaining the potential for participants to engage in creative problem solving. While
the CANU 1.0 did not provide the opportunity to deliver multiple solutions—thus, focusing
convergent thinking to a great extend—the CANU 2.0 lacks this specific convergent element.
Since the creative process involves both, convergent as well as divergent thinking, the task could be
extended with an option for participants to indicate their most preferred/creative solutions.

Since creativity is becoming increasingly relevant, especially in the context of work, the CANU
should be validated in different domains. By developing tasks that require specific domain knowl-
edge, the dimension of usefulness could become more meaningful. The general characteristics
of the measurement tool would still hold true, and it is plausible that the true potential of our
approach would be revealed in specific, domain-relevant tasks.

The CANU 2.0 represents an additional step of development in tackling the problems already
stated in regarding the choosing of appropriate tasks and judges. The results show
the potential of enabling creative problem solving while remaining inconclusive in regards to the
fact that they actually properly assess creativity. Ironically—development of the CANU demands
novelty (task development) and usefulness (objectivity, comparability), or in short creativity. To
obtain an adequate measurement instrument for creativity, further research, with similar tools and
a continued development of the test at hand are encouraged. Especially since creative progress is
often incremental ( ) and the CANU has the potential to unify scientific research
on creativity in a scalable and comparable fashion.

Concluding, we were successful in redesigning the CANU in a way that is easy to use and
enables proper comparability of results within and across studies. However, the CANU 2.0 still
failed to satisfy all requirements. Validity of measurements remains questionable. Despite some
promising results, we did not find a clear relationship between the CANU and other creativity
measures. Considering the small sample size for a test that is decidedly designed to work with bigger
samples, as well as the recreation of typical findings in other creativity research, results are still
promising. The CANU 2.0 with its automated measurement embodies a contemporary approach
for capturing creativity that embraces digitization and automation. In view of the increasing
importance of creativity, a further advancement of this objective, automated measurement method
seems reasonable.
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ENERATION OF IDEAS that are novel and useful, forms—despite some controversy (see

)—the definitional consensus for creativity ( ) and basis of the Creativity
Assessment via Novelty and Usefulness (CANU). Besides measuring creativity, supporting humans
in being creative is another major challenge for the future of Human Factors/Ergonomics (HFE)
(see chapter 1). Particularly, since creativity is considered a final frontier of human capability when
compared to Artificial Intelligence (AI) ( ), and the creativity algorithm
(a deterministic approach to creativity) is unlikely to be computable ( ). Still, com-
putational creativity is a long standing goal of Al research. In fact, the use of computers for the
generation of outcomes that would be deemed creative if produced by a human was one of only
seven goals of the Dartmouth Summer School of 1956 ( ), the meeting at
which Al was officially named ( ). Unexpected expression of creativity is considered
one of the most enduring proofs that true Al has been achieved. Yet, it still remains elusive (

). Therefore, scientific interest has increasingly concentrated on the two agents—human and
machine—working together to produce creative output. When assuming that computer systems
will not, in fact, render humans superfluous for the creative act (see chapter 1), it is important to
determine where and how computers could support humans. Algorithms appear capable of such
an endeavor, especially because several computational systems have already shown potential to
assist humans with specific tasks in the past. For example, the interaction with automated vehicles
(e.g ) or Al-based diagnosis systems (e.g. ) can augment
human capabilities in a meaningful way. Generally, however, Human Computer Interaction (HCI)
poses the challenge to achieve meaningful improvement that requires constant development and
evaluation ( ). In a recent review paper by , the domain of Cre-
ativity Support Systems (CSSs) has been identified as a grand challenge for HCI. The authors urge
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researchers—among others—to clearly define the goal of a CSS and to link it to theory to further
their understanding.

The augmentation and support of creativity through HCI as well as the specific configuration
of assistance systems, are the key topics of this chapter. More specifically, we investigate the answer
to the question how exactly an assistance system could support humans in their means to generate
truly creative solutions at work ( ) when transferring the ideas of cognitive support
systems to the creative domain. Or in other terms, how can more people be supported to be more
creative more often ( ; ; )?

4.1 Exploration

The initial step to determine user needs for a CSS, was comprised of a two-step study. First, to
better understand the potential users of such systems, we conducted semi-structured interviews.
Second, we conducted an online survey in order to quantify the results and represent a broader
sample.

4.1.1 Interviews
Methods

We conducted NV = 7 semi-structured interviews with people from creative professions. Following
—who lists inventing, designing, contriving, composing, and planning amongst
creative patterns—participants from certain occupations were recruited from personal contacts. All
interviews were conducted in German and remotely via video conferencing tool (BigBlueButton*)
due to the COVID-19 pandemic. We recorded the audio of the interviews, allowing us to prepare
transcripts of the sessions. Informed consent was obtained from all participants prior to the
start of the interview. During the interviews, participants were asked for their demographic data,
their current modus operandi, the degree to which they followed the creative process specified in
figure 2.8, and their vision of the application of CSS in the future.
To analyze the data, we conducted a a qualitative content analysis according to
The audio was first transcribed, then paraphrased, and participant’s statements were generalized by
three individual raters. The analysis of the inter-rater reliability reveals a KrippendorfP’s alpha of
a = .976, which represents reliable consensus ( )-

Results

The seven participants of the study (s female) were between the ages of 24 and 41 (M = 30,
SD = 4.78). They worked in architecture, engineering, fashion design, graphic design, user experi-
ence design (2% ), and theater dramaturgy. The interviews lasted 24 minutes on average, ranging
from 18 to 38 minutes with a standard deviation of 6 minutes.


www.bigbluebutton.org
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The data presented in the following is structured according to three themes, namely modus
operandi, creative process, and vision of CSSs. Modus operandi can be understood as the way
our participants currently work on creative problems, creative process as the abstract, formalized
process or order they followed, and vision of CSSs as their personal view on whether or not they
would like to be supported by computational systems in their creative task and—if they did—how

this support might look like.

Modus Operandi  The majority of the participants primarily work alone, relying on feedback
from others only at certain points in the process. All interviewees work in offices with 2 to 20
co-workers, and also from home using computers or laptops. Four participants stated that they
additionally rely on analogue tools like pen and paper. Convergent thinking is used more frequently
by four interviewees, the other three use convergent and divergent thinking to the same extent. All
but one participant indicated that convergent thinking was easier for them.

Creative Process  Five participants reported that they follow a process similar to the one depicted
in figure 2.8 (which was presented to them during the interviews). They emphasized the non-
linearity of the process. Two interviewees were responsible for particular steps of the process within
their organizations, thus limiting their exposure to the other phases. While all participants exchange
ideas with colleagues, five actively request feedback when needed, whereas two stated that there are
regular meetings in place for such discussions in their companies.

Vision of Creativity Support Systems  Six participants would use CSSs, especially if they could
be used for information research, which would save time. One participant stated that there was no
need for a CSS. Said interviewee was reluctant to hand over parts of their work. The participants
mentioned several ideas for potential system designs. These designs that can be roughly divided
into four areas of application: data management and research (s), support for particular tasks (3),
organization of workflow (2), and inspiration (2).

4.1.2 Online Survey
Methods

We conducted an online study with people working creatively in order to quantify the results
from the interviews. The questionnaire was hosted at the university (using Limesurvey*), and five
Amazon vouchers were raffled as an incentive to participate. The language of the questionnaire was
German. At the beginning, the participants were asked to give their informed consent, followed
by a demographic questionnaire. This included a question whether or not participants worked
in creative domains, which was later used as an exclusion criterion. After that, the participants
answered questions regarding their modus operandi, the application of the creative process, as well


www.limesurvey.org

Answers of 59 participants
about which of the two
types of thinking they used
more often in their daily
work and which they consid-
ered easier.
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Convergent  Divergent  Equal

Used More Often 55.9% 6.83% 37.3%
Easier 69.5% 23.7%  6.8%

as their vision regarding CSS at the workplace. These questions were similar to the ones in the
interview study, but were presented in a closed question format.

Results

In total, N = 110 datasets were collected in the survey. Excluded from analysis were incomplete
datasets (33), datasets indicating that participants did not work in creative domains (10) or not full
time (7), as well as one dataset whose participant stated they worked primarily manually. We decided
to exclude these participants on the basis of their current work situation as the study was aimed at
knowledge workers. This procedure resulted in 7z = 59 datasets to be analyzed. Nearly 70 % of the
participants were female, 30 % male, and overall the mean age was M = 27.89 (SD = 6.05).

The domain distribution was skewed towards engineering (20 participants). The obtained
results might therefore not reflect the general population. However, chi-squared tests revealed no
significant relationships between domain and modus operandi (team vs. solo work: y*(60) = 59.63,
p = .49; divergent vs. convergent thinking: y*(30) = 25.97, p = .68).

Modus Operandi  Regarding their current working procedure, 57 participants (96.6 %) stated
that teamwork, as well as working alone, were part of their daily routine (27.1 % more alone, 25.4 %
more team, 44.1% balanced). Between the two types of thinking, the majority of our participants
predominantly used convergent thinking and considered it the easier one of the two due to its
limited number of possible solutions (see table 4.1). Additionally, the participants preferred the
logical or inferential thinking based on real-world criteria required for this type of thinking. The
participants who preferred divergent thinking did so because in divergent thinking they are not
required to make decisions and no evaluation takes place. Most of the participants use digital tools
(33.9 % work digitally only, 50.8 % both digitally and analogue). Only 9 respondents (15.3 %) stated
they work exclusively analogue.

Creative Process 55 participants, (93.2 %) responded that the four phase process depicted in
figure 2.8 closely resembles the one they follow when working on their professional tasks. The
other four participants stated that

¢ they do not have a fixed procedure (twice),

* they do not see creativity as a linear process, or
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* they identify tasks rather than problems and only one solution is developed, which is then
checked within the team.

We asked participants if they were uncertain of their own competence in one, or several, of the four
phases. Concerns were mostly voiced regarding idea generation (35.6 %), followed by preparation
(22 %), evaluation (18.6 %) and problem identification (15.3 %). When asked how often the partici-
pants requested help from their colleagues in the respective phases, a similar picture emerged. Help
was sought out less frequently for problem identification and preparation when compared to idea
generation or evaluation (see figure 4.1).

Vision of Creativity Support Systems  If available, the majority of 41 respondents (69.5 %) would
use a creativity support system at work. The remaining 18 participants indicated they would not use
such a system, either because there were doubts about the capabilities of the system (10 mentions),
they see social exchange as too important a factor (6 mentions), or they feel like an implementation
is inconceivable (2 mentions). The preferred system for those who would use a CSS would be one
that assists in preparation or information research.

4.1.3 Discussion

The two-step approach of the exploration, the interviews followed by the online questionnaire,
was employed to achieve valid results. The results of these two studies are comparable. Combined
with the fact that nearly all participants agreed to the proposed creative process, and the alignment

Figure 4.1

Answers of 55 participants
that agreed on the process
from figure 2.8 on how of-
ten they asked colleagues
for help during the respec-
tive phases.
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in results between interviews and the online questionnaire, the validity of the overall results seems
promising.

A clear relationship between the respondents’ preferred way of thinking and the steps in the
creative process that are most difficult for them can be observed. A large proportion of respondents
use convergent thinking more often and consider it easier than divergent thinking. The point at
which support or advice are sought out most often is the idea generation phase. This is also the
phase were most participants feel uncertain about their own competence. This is comprehensible,
since idea generation is the phase most commonly associated with divergent thinking (

). People who are more practiced at convergent thinking could be expected to have
difficulties at this point. Thus, CSSs could be most helpful when specifically supporting divergent
thinking.

In the interviews, participants mentioned the most potential support systems for information
research, as this process can be very time consuming. This is in line with results from the online
questionnaire, where a system that would assist with data management and research was preferred.
These results reflect the focus in current development of CSSs. Only for the two phases preparation
and idea generation there are dedicated creativity support systems available (

). However, while support in idea generation is common amongst current systems (

), for example by guiding participants through several creativity techniques (e.g.

), supporting data management and research is still only sparsely addressed in creativity
research. Overall, the results show a need for CSSs, as well as the willingness to use them in daily
work. This indicates continuous development of CSSs as a promising endeavor.

4.1.4 Outlook

Based on the results of our two exploration studies, we recommend that implementation of strategic
support systems for creative workers should focus on digital support systems facilitating research
and providing inspiration. These systems should provide assistance during mainly the divergent
phases with a combination of idea generation as well as preparation support. To add meaningful
value, stimuli for idea generation should be provided dynamically ( )
depending on the current context. To foster the collaboration within a team, an easy way to share
the progress of one’s work should be implemented.

4.2 Design

Following the identified requirements, we developed several digital CSSs. The results from sec-
tion 4.1and a recent poll, indicated that a lack of inspiration is a major factor to not be creative (

). Hence, the focus of our design endeavors was set on supporting research and providing
stimuli for idea generation. As it is one of the most prominent examples of idea generation, we
chose brainstorming, as described by (cited according to

), as a procedure to be supported by our newly developed assistants (see figure 4.2). Based
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Brainstorming Area

on the framework of , three assistants were designed to support
participants in the generation of ideas, namely a chatbot, inspirational pictures, and an associative
search (see figure 4.3)

In a multi-phase development process, we first defined the requirements for the assistants based
on the previous studies. Then, we produced static graphical prototypes of the three CSSs. These
prototypes were iterated and subject to a heuristic evaluation with three usability experts, resulting
in the final interfaces. Due to the COVID-19 pandemic, the tools were implemented as responsive
web apps. Back-end structure and user journey were designed to enable a remote study setting.

The interface we developed consisted of three major parts (see figure 4.2). The first part, the
problem statement—or topic that users need to generate ideas for—is written topmost. This top
bar also includes a done button, in order to finish idea collection on said topic. The lower left area of
the CSS represents the brainstorming canvas. The lower right area provides space for the assistants:
chatbot, inspirational pictures, and associative search. During the design of the brainstorming
canvas and the three assistants, we followed the famous 10 heuristics regarding user interface design

by , as well as a set of design principles specifically developed for the design of CSSs.
The latter was first published as a set of 12 principles ( ; )
and later augmented by to include the additional items 13 and 14:

1. Support exploration
2. Low threshold, high ceiling, wide walls

3. Support many paths and many styles

The structure of a screen in
the creativity tool consisting
of three elements, the prob-
lem statement, the brain-
storming canvas, and the
creative assistant.
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4. Support collaboration
5. Support open interchange
6. Make it as simple as possible — and maybe even simpler
7. Choose black boxes carefully
8. Invent things that you would like to use yourself
9. Balance user suggestions with observation and participatory processes
10. Iterate, iterate and iterate again
1. Design for designers
12. Evaluation of tools
13. Rich history keeping
14. Support exploratory search

The assistants as well as the brainstorming tool itself were designed to be appealing and fun to
use, each assistant having different features to explore, thus, paying special attention to invent
things that you would like to use yourself ( #8) during development. All assistants
were designed to be used by individuals rather than groups, since participants had stated in the
exploration (see section 4.1) that they often worked alone and primarily asked colleagues for help
when necessary. Due to this choice, support of collaboration #4) was not adhered to.
Additionally, as the assistants were merely a means to an end (research of different approaches and
concept), exporting or importing ideas was not included. This is in conflict with the support of
open interchange ( #s) as well as the feature of sharing one’s work from the exploration.

4.2.1 Brainstorming Canvas

The brainstorming canvas provides the backbone of all interfaces, and it enables users to collect
their ideas. Ideas can be written down on a yellow square at the top of the canvas (similar to
Post-it notes), and later be added to the idea pool via the 2dd button or by pressing <enter> on the
keyboard (see figure 4.2). The Post-it was chosen as visualization in order to evoke a real-world
association ( #2), because it is a tool typically used in offline brainstorming. To keep the
design aesthetic and minimalistic ( #8), no additional styling or animations were added.
Not only the aesthetics of but also the interaction with the canvas was designed to be as simple as
possible ( #6). All previously generated ideas are displayed on individual Post-it notes
with equal styling ( #4) below the topmost Post-it which serves as input mask. In case users
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CHATBOT INSPIRING PICTURES ASSOCIATIVE CLUSTER

Supermarket > Bakery > Café

Supermarket °

Hi, I'm here to help if you get
stuck. Just let me know how
| can help you!

Bookstore

Waitress

(&)

Okay. Sometimes it helps to
develop a different perspec-
tive. For example, how would
a superhero solve this
problem?

Nightclub

Okay. It might help to look at
the problem differently. Can
positive and negative be
swapped? Is it possible to
reverse the problem to the
opposite?

About 2,740,000,000 results Sort Relevance ¥

G Café - Wikipedia
https:/en.wikipedia.org/café

A coffeehouse, coffee shop, or café is an
establishment that primarily serves coffee
(of various types, e.g. espresso, latte ...

I'm stuck on a specific problem
| can not think of anything else

Café — Merriam Webster Dictionary
https://www.merriam-webster.com/

a usually small and informal establishment
serving various refreshments (such as

want to change an idea, they can click on the respective Post-it and directly edit the text (Niclsen
#9). Once they are satisfied, a click on the save button, located at the bottom of the Post-it, saves all
changes.

To ensure comparability and ease of study evaluation, Post-its can neither be rearranged on
the canvas, nor be filled with anything other than text—contrary to similar digital tools like Mir6*
or Conceptboard™.

4.2.2 Chatbot

The chatbot was designed combining best practices from various creativity techniques, frameworks,
and tools (5. Manske et al., 20145 Strohmann et al., 2017). It presents several creativity techniques
and tries to inspire the users to think about the topic both broadly and deeply. The exact type of
thinking supported depends on the interaction with the bot and the presented creativity technique.
This component of creativity techniques is also where the chatbot assistant can be placed in terms
of the framework by K. Wang and Nickerson (2017). By re-framing the problem, the chatbot can
encourage new perspectives on the topic.

Generally, the interaction with the chatbot starts with a message from the bot, stating “Hi, I'm
here to help if you get stuck. Just let me know how I can help you!”. Users then have two choices
represented via buttons (see figure 4.3). In case they are stuck with a specific problem, the bot
prompts the user to describe the problem in their own words. Subsequently, the bot asks “Why?”
five times, always prompting a new text input from the user. This § Why’s technique (Serrat, 2017)
forms one branch of the chatbot assistant. Selecting “I can not think of anything else” at any given

Figure 4.3

The three different creative
assistants, chatbot (left),
inspiring pictures (middle),
and associative search
(right).

WWW.Miro.com

www.conceptboard.com


www.miro.com
www.conceptboard.com

Flowchart of possible inter-
actions with the chatbot, in-
cluding the different creativ-
ity techniques presented.
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(Geschka et al., 1976)
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(Van Gundy, 1988)
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Osborn’s checklist:

Inversion

(Osborn, 1975)

I

Osborn’s checklist:
Combination of Ideas

(Osborn, 1975)

1

Walt-Disney-Method
(Dilts., 1994)

!

| can not think of
anything else

|

Hi, I'm here to help if you
get stuck. Just let me know
how I can help you!

I am stuck with a
specific problem

>

|—>

Please try to describe
the problem in your
own words

I can not think of
anything else

Sx

Text input

Why?
(Serrat, 2017)

]

The technique is
- finished. Youcantry =~ —
another one now

|:| Start

Chatbot prompt
User Input

point during the technique, returns the bot to the initial state. In case the users cannot think of
anything else, the other branch offers support by using one of five possible techniques to provide a
new perspective. Either Stimulus-Word-Analysis

), inversion or combination of ideas from Osborn’s checklist (
Walt-Disney-Method (
The interaction with the bot is completely controllable by the users (

), the Superman method (

), or the

) are chosen at random. For the full state diagram, see figure 4.4.

#7). Since the

s Why’s technique can become tedious after a while due to the repetition, a button to revert to
the initial state is always visible (

#3). The interaction is designed in a conversational flow

that provides one technique at a time. This is especially convenient for users who are not familiar

with creativity techniques and facilitates easy exploration. With a variety of techniques being easily

accessed, the assistant provides a low threshold and high ceilings (

#2). The users are

not made aware of the creativity technique which will show up next to foster the users’ curiosity

and thereby interaction with the assistant. Thus, this random component presents an adequate

black box (

#7).

The chatbot was hard-coded using JavaScript, appending static HTML code. All pathways
lead back to the initial state of the chatbot eventually, so repeated use is infinitely possible. To

enable the display of the full message history, the entire conversation is temporarily saved into a

local storage variable.
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4.2.3 Inspirational Pictures

The inspirational pictures assistant aims to inspire new ideas based on visual input and combines
two components of the framework by : working and long term
memory. Working memory is addressed by the presentation of pictures based on the keywords
from recent ideas ( ). Long term memory is supported by enabling users to
search for pictures on a specific keyword (see figure 4.3). Every search request is tied to a keyword,
which is why the stimuli tend to be narrow rather than broad.

There are two possible ways of interacting with the assistant: users can either enter a new idea,
which will trigger new pictures to be displayed based on a keyword within the idea, or they can
manually enter a keyword, thus triggering a search request. The search keyword of the automatic
search is always displayed above the search results to ensure users are able to understand how
it works ( #1). Additionally, a small information icon is displayed next to the keyword.
Hovering over it with a cursor prompts an overlay with an explanation of how the keyword was
selected, i.e., “These pictures are based on the first word of your last idea” ( #10). The
manual search provides users with the freedom to search for keywords independently ( #3).
The interaction with the manual search is possible whenever the users wish, and the automatic
search can be used as an extended manual search, thus providing multiple pathways to results
( #3).

The pictures are retrieved via an Application Programming Interface (API) call to Pixabay*.
Pixabay was chosen instead of the more popular Google Image Search API, because the search
results tend to be less uniform, thus providing more room for inspiration. This comes with the
caveat that for complex, very specific keywords, there might be few or no pictures in the database.
The basis for the automatic image search is a keyword from the most recent idea. This keyword
is extracted from the text by first stripping it of filler words using a keyword extractor®. From
the remaining words, the first one is chosen as the search term—or keyword—for the automated
picture search. In case no idea has previously been submitted (at the start of the brainstorming
session), the automated search uses a keyword from the problem statement. For the manual search,
the keyword is set via HTML input field, and can be chosen either via click on the search button,
or by pressing <enter> on the keyboard ( #7).

4.2.4 Associative Search

A combination of semantic associations and search tools forms the basis of the third assistant,
associative search. Associations are an integral part of creativity ( ;
) and play an essential role the component working memory in the framework by
. Contrary to traditional search engine interfaces (like for example Google),
our assistant does not provide mere single results to a specific search keyword. Instead, the results
obtained with this assistant are connected with each other through associative chains, thus sup-
porting diversive curiosity—a type of curiosity less covered by the current Google search User


www.pixabay.com/api
www.npmjs.com/package/keyword-extractor
www.npmjs.com/package/keyword-extractor
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Interface (UT) ( ). The assistant delivers broad stimuli encouraging users to
jump from one association to the next, potentially leading them to terms unrelated to the original
problem domain.

The interaction with the assistant occurs solely via mouse clicks and is entirely keyword-based.
A web of associative keywords is presented as visual cluster to provide inspiration for the search (see
figure 4.3). The specific keywords are chosen automatically. The central term is initially based on the
problem statement. From this starting point, eight associations are visualized in clickable bubbles.
When selected, the respective keyword will form the new central term and new associations will
be presented accordingly ( #1, #14). The chain of selected keywords
is displayed as a breadcrumb menu at the top of the assistant ( #13, #6). In
case users want to start over, they can either select the first keyword in the breadcrumb menu,
or click the reser button that is implemented below the visual cluster of keywords ( #7).
Additionally, classical search results on the central term are displayed below the visual cluster (see
figure 4.3).

The list of semantically associated words are obtained using a word associations API*. From an
extensive list of associations for the central keyword, the assistant displays the first eight nouns. The
assistant is based on nouns only, in order to achieve more uniform—and thus comparable—results.
The associated words are displayed using the network display of visjs*, an open source JavaScript
library. The breadcrumb navigation bar is loaded from a local storage array. The classical search
results are loaded via the Google search API and can be opened in a new tab of the web browser.
This element was included specifically as a reaction to the exploration and is an attempt to leverage
web search platforms to foster creativity as suggested by and

4.3 Evaluation

In order to determine which of the approaches supporting creative idea generation was the most
promising—Dboth in terms of subjective as well as objective criteria— we conducted a remote
study using the CSSs described in section 4.2. The participants were asked to generate “as many
good ideas as possible” to tackle four different problem statements while using the developed
CSSs (three assistants and a baseline condition without an assistant). In order to determine the
quality of support from each assistant, we employed subjective and objective measurements in
our study. The number of ideas generated per participant (e.g. ), as well as
their respective creative quality (which was assessed using the Consensual Assessment Technique
(CAT) as described by ; ) provided objective data. A preference rating of the different
conditions, as well as a calculation of the Creativity Support Index (CSI; ;

) were used to gather subjective feedback. As control variables, we assessed
demographic data, personality (NEO-FFI; ), personal creativity (CANU
2.0), and domain knowledge based on the labels by


api.wordassociations.net
www.visjs.org
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The following, non-directional hypotheses were formulated for statistical analysis in order to
determine what type of digital assistant would support users better:

H; The number of ideas generated differs between baseline, chatbot, inspirational pictures and
associative search.

H, The creative quality of ideas generated differs between baseline, chatbort, inspirational pic-
tures and associative search.

H3 The CSI difters between baseline, chatbot, inspirational pictures and associative search.

H, The preference rating differs between baseline, chatbot, inspirational pictures and associative
search.

4.3.1 Procedure & Materials

We conducted a within-subject experiment with a four-level independent variable (baseline, chatbot,
inspirational pictures, associative search), comparing the number of ideas generated, their respective
quality, assistant preference, and perceived creativity support. The evaluation was divided into two
parts: first, we conducted a remote online study, where participants were observed while generating
ideas using the different assistants. Second, we sent an online survey link to experts in the fields of
the problem statements asking them to rate the generated ideas using the CAT ( ).

The first part of this evaluation, the idea generation, was conducted remotely using the video
conferencing tool BigBlueButton and the online survey tool LimeSurvey. The video conference
served as initial touch point between the participants and the researchers, and to observe partici-
pants’ interaction with the assistants. After establishing the connection to the video conference
and a short welcome, participants were sent the survey link and opened it in a new tab. Following
informed consent, a screen recording was started by the researchers. The survey structure was
entirely implemented in Limesurvey, leading the participants through all data collection. In case
an external tool was used (e.g., the CANU)), the survey prompted the participants to open it in a
new tab and return to the survey screen after they finished.

The procedure of the study is illustrated in figure 4.5. In the first experimental block, partici-
pants were instructed to find “as many good ideas as possible” to solve a predefined problem. The
problem statements were chosen to touch on areas that participants were likely to have enough
knowledge on to be able to find multiple ideas, as suggested by . The problems

participants worked on were:
* How can supermarkets become more sustainable?
* How can your hometown be transformed to be more attractive to tourists?

* How can bothersome household chores become more pleasant?

The experimental design
was approved by the TUM
ethics committee
(reference 625/20 S)
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* How can young people be incentivized to be more involved in politics?

The participants completed four brainstorming sessions of five minutes each. The problem state-
ments, as well as the presentation order of the assistants, were permutated using a Latin square of
the order four. In case of the baseline condition (no assistant), the brainstorming canvas extended
over the entire screen and took up the area usually reserved for the assistant (see figure 4.2). After
each brainstorming session, the participants completed the first part of the CSI regarding the
assistant they just worked with. Due to the single-user design of the assistants, all items concerning
collaboration were excluded from the CSI. In the second experimental block we assessed subjective
questionnaires after all assistants had been presented. It started with the second part of the CSI
(which is regarding the task that has been fulfilled). This division of the CSI in two parts, the

first of which is measured once for every condition while the second one is assessed only once, is

in line with a suggestion by . Following, the participants were asked
to indicate their level of knowledge regarding the four topics of the problem statements on a
s-point scale (labels based on )- The participants then subjectively

ranked all assistants and the baseline condition in order of preference. Additionally, participants
had the opportunity to give qualitative feedback on the assistants in a text input field. The third
experimental block consisted of the personal assessment. The NEO-FFI ( )
and the CANU, as well as demographic questions concerning age, gender and domain of study or
work, were presented. Lastly, before finishing the study, participants had the opportunity to leave
additional comments via text input. One session lasted between 45 and 60 minutes.

After the data collection on the assistants was finished, the generated ideas were categorized
(e.g. ) and presented to expert raters using LimeSurvey. In case identical ideas
occurred, they were summarized and displayed only once. To accurately represent novelty, the
number of times such ideas were generated was displayed in brackets. As suggested by

, the order of categories as well as order of ideas were randomized. As is usual for the CAT,
the raters were asked to rate the ideas in comparison to each other on a s-point likert scale, using
their own, subjective definition of creativity. At least three experts were recruited for each problem
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Quantity Quality CSI Preference
Assistant
Total Mean SD Mean SD Mean SD Median
Baseline 244 871 293 299 0471 462 177 3
Pictures 223 7.96 296 3.02 0.448 462 161 3
Chatbot 188 671 246 308 0539 493 19.4 Ls
Associations 205 732 332 314 0.483 46.6 19.7 2

statement. Following , experts with some formal training or experience in the target

domain were selected*.

4.3.2 Results

In total, N = 29 participants took part in the experiment. One person was excluded due to a
technical problem in the data recording back-end, resulting in an incomplete dataset. Therefore,
n = 28 participants (14 female) from the age of 17 to 33 (M = 24.61, SD = 3.06) were included
in the analysis. Descriptive data on the quantity and quality of generated ideas, the CSI, and
preference ranking of the assistants can be found in table 4.2 and will be analyzed in detail in the
following sections.

Quantity of Ideas

To explore the effects of the assistants on the quantity of ideas generated by the participants, we
investigated the number of ideas the participants came up with per condition. The participants
created a total of 860 ideas throughout all conditions. On average, they created the most ideas
in the baseline condition (M = 8.71), followed by pictures (M = 7.96), associations (M = 7.32),
and chatbot (A1 = 6.71; see table 4.2). A one-way repeated measures ANOVA revealed a significant
effect of condition on the number of ideas (F(3, 81) = 5.75, p =.001, 7% = 0.062). Post-hoc
analyses using multiple pairwise paired t-tests with Bonferroni adjustment revealed that there
was a statistically significant difference between baseline and chatbot (#(27) = 4.15,p = .002). A
comparison of the means shows that participants generated more ideas using the baseline condition.
The other differences were statistically non-significant.

Quality of Ideas

To investigate the effects of the assistants on the quality of ideas generated by the participants,
we analyzed the idea quality as assessed by raters in the CAT per condition. On average, the
participants created the most creative ideas using the association assistant (A4 = 3.14), followed by

Quantity, quality, and cre-
ativity supportindex of ideas
generated, as well as prefer-
ence ranking using the differ-
ent assistants.

Sustainability: Climate Club
Center of Digital Technology
Management, Rehab
Republic (NGO in Munich)
Tourism: Students of the
Tourism Management study
program (Hochschule
Miinchen), Tourist Office
Munich, tourism
organizations

Household: People actively
managing a (private)
household

Politics: Student
associations in Political
Sciences (e.g., Technical
University Munich),
members of political parties
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the chatbot (A1 = 3.08), the pictures assistant (A4 = 3.02), and the baseline condition (M = 2.99;
see table 4.2). A one-way repeated measures ANOVA revealed no significant relationship between
condition and the quality of ideas (F(2.03, 54.71) = 0.57, p = .574, 7z = 0.015). Mauchly’s test
indicated that the assumption of sphericity had been violated (p < .001). Thus, Greenhouse-Geisser
correction has been applied, resulting in adjusted degrees of freedom.

The inter-rater reliability was—as is custom for the CAT ( )—calculated via
internal consistency using Cronbach’s alpha. Sustainability (3 raters, 221 ideas) showed an & = .18,
politics (s raters, 188 ideas) an « = .29, household (3 raters, 230 ideas) an « = .45, and tourism (3
raters, 220 ideas) an @ = .47. Thus, internal consistency should be considered unacceptable for all
questions ( ).

Creativity Support Index

To explore subjective differences of perceived creativity support, we investigated the participants’
rating of the different conditions on the CSI. On average, the participants felt best supported by
the chatbot assistant (M = 49.3), followed by associations (M = 46.6) and pictures (M = 46.2)
as well as baseline (A1 = 46.2; see table 4.2). A one-way repeated measures ANOVA revealed no
significant effect of condition on the perceived support (F(3, 81) = 0.38, p =.77, 7% = 0.005).

Preference

Subjective preference of the conditions was explored using the means of the preference ranking.
This ranking of preferred assistants was lead by the chatbot (41d = 1.5), followed by associations
(Md = 2), and concluded by pictures (Md = 3) as well as baseline (Md = 3; sce table 4.2). A
Friedman test was carried out to compare the preference rankings for the four conditions. It
revealed a significant difference, y*(3) = 8.36, p = .039. Post-hoc comparison via paired Wilcoxon
signed rank tests revealed no significant differences between any two specific conditions, due to the
adjusted p-value (Bonferroni). Visual comparison of the ranks (see figure 4.6) and median data
(see table 4.2) suggest that participants preferred the chatbot and association assistants, as opposed
to the inspirational picture assistant and baseline condition.

Exploration

Additionally to the tests regarding the hypotheses, we performed exploratory analyses on the
relationships between personal creativity (CANU) and personality (NEO-FFI), quantity of ideas,
perceived creativity support (CSI) and preference of the assistants. Due to the unacceptable
inter-rater reliability, the exploratory analysis regarding the quality of ideas was omitted.
Correlations using Pearson’s correlation coeflicient revealed very few significant results. CANU
usefulness correlates with agreeableness (7(26) = .44, p = .020) and CANU novelty correlates with
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perceived creativity support of the baseline condition (7(26) = .39, p = .043). Other than that
there were no significant relationships in the data.

To explore the time the participants spent on the interaction with each assistant, we retro-
spectively measured it using the screen recordings. Interaction time was defined as period of
actively using the assistant, depending on mouse movements and clicks, and resulted in pictures:
My = 63.55,5D, = 42.0'5; chatbot: M, = 76.8s, SD, = 41.2 5; associations: M, = 82.65,5D, =
50.60's. Opposed to that, in the baseline condition with no assistant present, the entire time could
be used to generate ideas.

4.3.3 Discussion

In this study, we investigated the influence of three different CSSs on the users’ performance in
terms of idea quantity and idea quality. Additionally, we assessed subjective user preferences and
perceived creativity support in the four conditions. The effectiveness of the assistants differed based
on the various criteria. The participants produced significantly more ideas when brainstorming
without assistants when compared to the chatbot assistant. Focusing purely on idea quantity, it
is reasonable to argue that a brainstorming tool without assistants could be more helpful than
one including them. This is additionally supported by the qualitative feedback, in which some
participants stated several of the assistants were somewhat “distracting”. This is particularly relevant
when a time limit for brainstorming is given, as was the case here. A potential solution—besides
increasing the time limit—might be to allow participants to toggle the assistant panel. This way,
visual distraction would be less dominant and assistants could be of use depending on the users’
needs in a specific context, e.g., when getting stuck. This is in line with results by Gamper (2019),

Figure 4.6

Ratings of N = 28 partici-
pants regarding their pre-
ferred assistants. Here, 4
equals the worst, 1 the best
rating.
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who identified two types of users: those who prefer feedback on ideas immediately, and those
who prefer it towards the end of an ideation session. This preference can be predicted using
individual motivation and domain knowledge, as users preferring immediate feedback tend to
be less motivated and knowledgeable. Hence, we propose to present our assistants as support for
when users are stuck.

The imposed time limit of five minutes per brainstorming session was deliberately set to avoid
participants’ fatigue during the study. This, however, might have impacted the number of ideas,
especially considering the fact that some of the time for the assistant conditions was used to interact
with the assistant. Extending the time limit may help balance between assistants which require
users to interact a lot, and assistants where not much intentional interaction is needed.

There were no significant differences regarding the quality of ideas produced. Although a
comparison of the means suggests that ideas generated with assistants that provide exploratory
stimuli and require increased interaction (chatbot and associations) tend to be more creative, no
significant difference was observed. This—again—could be attributed to the small time frame in
which ideas needed to be generated, leaving little room for exploration of the assistants. Additionally,
the unacceptable inter-rater reliability across all problem statements makes comparisons regarding
quality less than ideal. This problem might be tackled by recruitment of more raters, although
the appropriate number and proper selection of raters is a field of major discussion within the
community. achieved acceptable inter-rater reliability (# = .70) with only two
judges, whereas employed 134 judges but did not report inter-rater
reliability. This variance in number of raters is one of the problems with the application of the
CAT and is described in more detail in

All assistants seem to be perceived similarly according to the CSI that is comprised of the
sub-domains enjoyment, exploration, expressiveness, immersion and results worth the effort. One
reason for the similarity of scores between the noticeably different support mechanisms of the
assistants could be that the brainstorming canvas was overall predominant. This could be due to
the visual repetition or the statements of the CSI themselves, as they did not specify any assistant,
but rather referred to a “system”. This might be remedied by replacing the term system by the
name of the CSS, as suggested in literature ( ). A comparison of the means
still suggests that the chatbot might be superior in terms of perceived creativity support. This,
however, would need to be reassessed in an additional study.

The preference of assistants varied significantly, but post-hoc tests were unable to identify
specific differences due to the correction of p-values. An inspection of the data, however (see
figure 4.6), revealed that the two assistants with which the most ideas were generated were less
preferred by the participants. This is particularly interesting as subjective preference is crucial for
users to willingly interact with an assistant outside of the experimental setting. Intrinsic motivation
is a key factor for creativity ( ; ) and can be subject to change depending on the
interactive experience with a user interface ( ). Using the preference ranking, we
cannot infer whether there are conditions, or a threshold, below which participants would not
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use a specific assistant. Neither is it certain that the distance between the ranks is uniform. It
is, however, noteworthy that the two assistants that were preferred in the ranking, chatbot and
associative search, are also the two conditions in which participants produced more creative, albeit
fewer ideas when compared to inspirational picture assistant and baseline condition.

Limitations & Future Research

The time limit of five minutes per assistant was deliberately short to avoid participants’ fatigue
during the experiment. This procedure, however, resulted in little time for interaction with the
assistants, and should be considered especially in the interpretation of idea quantity (see also
section 4.3.3).

The quality of ideas was assessed with the CAT. The number of experts used varies in literature.

points out that “One is clearly not enough; 20 seems like overkill” (p.81). While

used between 3-21 raters, state that 5-10 raters

should be sufficient. Due to difficulties in recruiting, each domain in this study was rated by just
3-5 raters. This reduced number of raters might be responsible for the bad internal consistency.

With the study set as a remote experiment, participants were provided with “artificial” tasks
and problem statements. Even though problems were chosen to be relatable in a sense that everyone
could gather ideas for them, the ecological validity of the study might be lower, as task motivation
is an influencing factor ( ; ). Depending on personal interest for the different
topics, this might have influenced responses. This, however, is common in contemporary research
and controllability is preferred over the alternative of letting participants chose their own topics.

The exploration, design, and evaluation of a CSS, described as a “grand challenge for HCI”
( ; ), in this research did reveal interesting insights. However,
this research is by no means complete. While we were able to demonstrate the general potential
and openness for using CSSs in daily work, none of the developed assistants was a cut above the
others—or the baseline condition for that matter. As discussed in section 4.3.3, this might be due
to the limited interaction time. Particularly since one of the assistants (inspiring pictures) has been
described as “distracting” by participants. At the same time, the exploration identified a need for
support, specifically in idea generation. This, combined with subjective data from the evaluation
suggests that development of chatbot as well as associative search should be continued. Generally, a
call has been made—in reference to —to develop discount CSS evaluation methods.
Not low of quality but with widespread access and low cost, to advance the development of new
tools ( )

Especially considering these two most preferred assistants, chatbot and associative search,
framing and fixation are promising areas of future research. While both assistants resulted in fewer
but more creative ideas, in the context of a larger study, participants could be nudged towards a
certain direction of ideas by the design of the assistants. In case of the chatbot assistant, apparently
verbalizing the specific problems that needed to be tackled, helped participants in solving them—a
phenomenon well known in cognitive science ( ). However, interaction with
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and design of chatbots is highly susceptible to framing in general (Araujo, 2018; Chaves & Gerosa,
2021). Especially in the context of a chatbot as CSS it would be very counter-productive to have a
divergent assistant causing users to focus on particular areas, or problem solving strategies.
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Discussion

REATIVITY AS CHALLENGE for human factors, various other scientific disciplines, and individ-
uals is the overarching theme of this thesis. In our modern world, characterized by Volatility,
Uncertainty, Complexity and Ambiguity (VUCA), the human capability for error is not only
a detriment, but also an asset—if managed properly. This entails revision of and learning from
those mistakes, and is emphasized by frameworks such as agile working (see

) and design thinking (see ). The ultimate goal is to foster creativity at
work. After introductory thoughts, on creativity, work, and why creative work is bound to become
increasingly relevant in the future, we established two major research areas: creativity measurement
and creativity amplification. We subsequently analyzed creativity measurement in terms of its
history, traditions, current approaches, and shortcomings. In terms of creativity amplification,
we introduced the gaining momentum in the Human Computer Interaction (HCI) community,
and identified creativity as paradigm, as well as grand challenge for HCI. To tackle the cluttered
landscape of creativity measurement, we proposed a new approach, the Creativity Assessment
via Novelty and Usefulness (CANU) and its development and evaluation were described in two
iterations. Due to the mostly theory-driven approach in contemporary research for creativity
amplification, we conducted an exploration regarding the users’ need for Creativity Support Sys-
tems (CSSs), as well as an evaluation of three different approaches. The results provide insight into
the two major areas of research, as well as the recommendation that they should not be regarded
separately.

5.1 Results Revisited

The results regarding the CANU, a newly developed, scalable and easy to use approach at mea-
suring creativity are inconclusive but promising. Neither the first, nor the second iteration could
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convincingly show their quality regarding validity. However, the usefulness and the novelty of solu-
tions correlated negatively in both versions, a result commonly found in literature (

3 ). Particularly useful solutions tend to be common—thus,
they are not novel, and therefore not creative ( ). We did not find any relation-
ship between objective and subjective creativity measurements, an effect that has been considered
relatively stable in the literature ( ). However, has reported results
similar to ours in team creativity. argue that self-assessment might be more
suitable for little-c creativity assessment, whereas other assessment might be more appropriate to
describe Pro-c creativity. This would render the CANU novel in a sense that it is an other-rated
type of measurement tool specifically aimed at little-c creativity. The major issue with version
1.0 of the CANU was that solutions were not similar enough. This indicates great freedom for
participants and therefore the desirable characteristic of an open solution space. At the same time,
this resulted in overall novelty values that were skewed towards higher novelty. This was remedied
in version 2.0 by dropping the semantic-associative task (new words) and reconfiguration of the
visual-constructive task (blocks) to have a smaller amount of possible perfect solutions. In this
second version of the CANU (puzzle task), the comparability of solutions was much better and
resulted in more naturally distributed data. While no differences could be found for the CANU
data between the two experimental groups (motivated vs. unmotivated), neither was there a dif-
ference in the self-rating data. This suggests that the employed experimental manipulation was
not sufficient to result in meaningful effects. However, the majority of participants stated that the
CANU required creativity in order to be solved well.

Both studies failed to find novelty, usefulness, or intelligence accounting for a significant
amount of variance of creative personality in the CANU versions 1.0 and 2.0. This result indicates
that the CANU measures a construct other than intelligence and thus supports the discriminant
validity of the CANU. The relationship between intelligence and creativity is a controversial
one though. While suggested that high or at least above-average intelligence is
required to be creative, more recent studies find that the two constructs only correlate up to a
certain threshold (e.g. ; )- The exact value of the
threshold, or the existence of one at all, varies depending on the indicator of creativity, e.g., creative
potential or achievement ( ). Overall, the theory is not undisputed, as some studies
found correlations only above a certain threshold ( ) or found no threshold
atall ( ). Individual characteristics of the solutions replicate a fact known from literature:
increased complexity often goes hand in hand with increased creativity ( ). Still, two
main objectives of the measurement instrument, ease-of use and scalability, could be demonstrated.
Considering the small sample size of the evaluation—which is particularly relevant since the test is
decidedly designed to work with bigger samples—our results are still promising. The benefits of
iteration CANU 2.0 were clearly visible against version r.0.

Providing automated measurements embodies a contemporary approach for capturing creativ-
ity that embraces digitization and is well within the zeitgeist. The application of the CANU in
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the assistant study proved it easy-to-use. Our exploratory analysis revealed a positive correlation
between agreeableness (subscale of the creative personality) and usefulness, as well as novelty and
the perceived creativity support of the baseline condition without an assistant. This result is partic-
ularly interesting, as it could point toward the trend that people who are well equipped to produce
novelty in a brainstorming task and do not require assistance are also the ones generating partic-
ularly novel results with the CANU. Since the analysis is of an exploratory nature, however, no
causality should be implied. Despite its advantages, one of the biggest (and systemic) shortcomings
of the CANU is that the creation and subsequent automatic analysis of unexpected results is not
possible in the current implementation. This is due to our theory-based approach in developing
the CANU, relying on novelty and usefulness only, disregarding surprise.

The exploratory, human-centered approach on how support for creative workers could best be
achieved yielded promising results. However, no clear differences between inter-domain and intra-
domain effects were revealed. This is might be of decreased significance though, as no relationships
between domain and modus operandi were found. Thus, the process that creatives follow, seems
to be consistent across domains. This domain-consistency has been suggested by some researchers
before ( ; ). Most participants in our studies considered
divergent thinking as harder to do than convergent thinking and indicated they used divergent
thinking less in their daily lives. Divergent thinking is most commonly associated with the phase

of idea generation ( ). As such, it is unsurprising that participants sought
out advice the most during idea generation, making this phase the most intuitive and therefore
common phase for CSSs support (e.g. ; ). However,

the participants in our interviews suggested CSSs to support the information (re)search instead of
the idea generation. This finding indicates a gap between the wants and needs of potential users,
and the goals of the designers of CSSs. This gap might exist because users underestimated the
capabilities of potential ideation support. It might, however, also exist because providing stimuli
for ideation is fairly easy to implement. Still, results showed a need for CSSs as well as participants’
willingness to use them in daily work.

In terms of the assistants that were developed and evaluated, participants’ idea quantity was
highest in the baseline condition when not using an assistant. This result is counter-intuitive
but can be explained by the imposed time limit of five minutes. The effect is twofold. On the
one hand, participants needed time to interact with the assistants—time that was not used for
the creation of ideas. On the other hand, the time frame was short enough, and the proposed
problems complex enough, that participants could intrinsically come up with plenty of ideas. Thus,
the assistants were simply not needed, as exemplified by their description as “distracting” in the
qualitative feedback by one participant. The quality of ideas produced did not vary between the
assistants. The unacceptable inter-rater reliability across all problem statements requires a cautious
interpretation of the results, however. While one could argue that more raters would need to have
been recruited, rater selection as well as number of raters is a matter of lively debate (

). This debate signifies—among others—the shortcomings of current creativity measurement
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systems, especially for fundamental research, where easy-to-use and scalable data acquisition tools
are indispensable. There were no differences in perceived creativity support, as assessed by the
Creativity Support Index (CSI). This lack of effect of the—considerably different—assistants
could have occurred because the digital brainstorming assistant as such was predominant. Even
though subjective preference varied significantly, post-hoc tests did not reveal significant results
due to the correction of p-values. Comparison of the means showed that the two assistants that
produced the most ideas were preferred the least. Since intrinsic motivation is a key factor for
creativity ( ; ) and can be subject to change depending on the user interface
( ), this might be an indicator that chatbot as well as associative search assistant are
worth continued development.

5.2 Objective vs. Subjective Assessment

The application of the Consensual Assessment Technique (CAT) as subjective and the CANU
as objective tool in the studies revealed a particular difference between objective and subjective
assessment caused by the distinction between open and closed design tasks (see )-
Closed design tasks refer to tasks where the problem, as well as the presentation of the problem,
is known, such as an algebra problem presented to students in class ( ). Open design
tasks are commonly understood as tasks where participants are required to initially discover the
underlying problems, such as most artistic endeavors ( ). Typically, real-life design
tasks are of open-ended character ( ). Open design tasks can—due to
their complexity—only be assessed by human raters, thus requiring subjective assessment. The
CAT, as a representative of measurement for open design tasks, is particularly useful to detect and
rate historical creativity, due to the knowledge and judgment by raters. The CANU—a typical
representative of the closed task paradigm—can primarily infer personal creativity, despite its
database which provides access to all previous solutions. This is a typical caveat of distribution-
based novelty assessment and can be clarified in an example. The CANU determines a specific
design to be novel when it is far from the mean of the large dataset. If it were produced again it will
still be assessed as novel, since the effect of having two identical outliers in a very large dataset is
minimal. However, subjective assessment (as employed in the CAT) would not deem the second
occurrence particularly novel. As such, the methodology used to determine novelty can produce
results that do not match human assessment of novelty. The method allows for a number of
identical solutions (generated by any individual) to be classified as novel until their combined
weight changes the distribution. This beautifully illustrates the differentiation between historical
and personal creativity. All historical creativity must also be considered personally creative (see
figure s.1, ). This is a concession that can be made in terms of researching
creativity from an Human Factors/Ergonomics (HFE) perspective. While historical creativity
might be more glamorous, personal creativity is more fundamental ( ). All influences
regarding an individuals personal creativity should be true for historical creativity as well.
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Personal
Creativity

Historical
Creativity

A more problematic concession, are the problems inherent to subjective assessment. While the
comparability and the scalability of results have been discussed in chapter 3 and in a special issue on

pitfalls of creativity measurement ( ), subjectivity can pose additional
problemsin terms of rater selection and idea rating. For example, when running a typical inspiration-
fixation study (for an overview, see ) that collects ideas—designs, sketches, or others—

from participants, the subsequent assessment essentially represents an additional experiment,
with recruitment of assessors, treatment of outliers, etc. reported a bias
against creativity, inhibiting participants to properly recognize creative ideas. This is particularly
unfavorable for the CAT and other subjective or open creativity assessment techniques. According
to , the CAT has been very successful due to its apparent simplicity of use.
However, the authors have identified task selection, number of judges, presentation of stimuli,
rating procedure (most notably number of items per rater/rater fatigue), and statistical test choice—
so effectively the entire CAT—as widely non-standardized ( ). This underlines
the proposition that the current “gold standard” of creativity measurement is less of a standard, and
more of a tool used at individual discretion. As and showed,
creativity measurement remained practically unchanged since the early 8os, despite continued
discussion of the issues in assessment ( ; ). The field is
currently evolving rapidly, but the lack of standards challenges external validity to a great extend
( ). Unfortunately, creativity measurement was, and remains
the Achilles heel of creativity research ( ).

5.3 The Danger of Fixation

The two most preferred assistants were the chatbot and the associative search. Both utilize—
to a certain degree—a verbalization of the current problem, with the latter including additional
inspiration. The fact that verbalization can facilitate the discovery of general principles and promote

Historical creativity as a sub-
set of personal creativity.
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success when solving well-defined problems (e.g., Tower of Hanoi) has long been known in cognitive
science (e.g. Gagné & Smith, 1962). More recently, it has also been demonstrated to benefit insight-
problems (Gilhooly et al., 2010). However, verbalization and the provision of associative and verbal
stimuli have been shown to introduce fzxation in open-ended design tasks (Malaga, 2000; K. Wang
& Nickerson, 2019). Design fixation describes a phenomenon, where designers inappropriately
reuse previously seen features or principles in suboptimal ways (Cardoso & Badke-Schaub, 201).
They can be constrained by examples or their inherent knowledge in such a way that so that
tully exploring the design space becomes difficult (Berg, 20145 Jansson & Smith, 1991). Thus, the
provision of stimuli and the proposition of verbalization in general must be implemented with
caution in order to avoid said effects. This is particularly relevant for the associative search assistant
because the degree to which a stimulus is related to the creative task is one of its most important
properties (Santanen et al., 2004). The relationship of inspirational stimuli with creativity, however,
is a matter of debate. While Mednick (1962) and Nijstad and Stroebe (2006) suggest that greater
cognitive distance of stimuli should lead to more novel associations and thus more creative output
(a notion that has some empirical support, e.g., Chiu & Shu, 20125 Hender et al,, 2002), there are
studies that revealed no effect (Malaga, 2000; Tseng et al., 2008). Recent results even associated
remote associations with lower creativity (Althuizen & Wierenga, 2014; Chan etal., 2018). Especially
considering the associative search assistant, this relationship and the cognitive distance between
the task and the stimuli is easily traceable. Depending on the number of clicks that participants
perform, or how far along they follow the associative path, the degree of stimulus relatedness is
either high, or increasingly low. In a recent study, K. Wang and Nickerson (2019) investigated the
relationship between associative stimuli and creativity using hyperlinks from Wikipedia articles.
They showed that closely related stimuli promoted idea quantity and usefulness, and remotely
related ones led to ideas of higher novelty in comparison to no stimuli. The authors suggest to
generate stimuli that are not random but related to the creativity task in varying degrees. This
is supported by Vasconcelos and Crilly (2016 ), who suggest the existence of an optimal distance
between problem and stimuli. However, research has only offered general suggestions as to what
this distance is (Vasconcelos & Crilly, 2016). In future research, the association assistant should be
investigated in terms of the influence of near and far associated stimuli on creativity of ideas as well
as potential fixation.
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Conclusion

VALUATION AND AMPLIFICATION of creativity are simultaneously challenging and fascinating.
The number of disciplines concerned and ongoing discussions regarding definitions and criteria
have led to a plethora of alternative approaches to creativity ( )-
As put it, “creativity is precisely the kind of problem which eludes explanation
within one discipline” (p. 22). Human Factors/Ergonomics (HFE) is—due to its interdisciplinary
core—particularly well suited to bring order into this creative chaos. Not only is HFE particularly
well suited to address the issue—but given the ongoing trend towards automation, and creativity
as a final frontier for Artificial Intelligence (AI)—the future of human work will be shaped by the
phenomenon that is creativity ( ). To research the demands put on humans
by a constant requirement for creativity and the definition of rules that can ensure continued
well-being for workers must therefore be a focal point for HFE in the years to come. After all,
the discipline has been fairly successful at this in the domain of manual labor in the past. This
is especially true not only for retrospective measurement but proactive design of systems that
humans will interact with in the future (prospective ergonomics; ). As was the case with
manual labor, development of comprehensive measurement instruments lies at the beginning of
this journey. The approach presented within this thesis, Creativity Assessment via Novelty and
Usefulness (CANU), provides one starting point. Generally, the concept of automated scoring on
large samples to overcome manual scoring drawbacks is increasingly being tested in contemporary
studies (e.g. ; ). As described, the initial version of
the CANU was still rather crude and unable to properly quantify creative output. For the second
iteration, however, participants already agreed that creativity was necessary to perform well. This
concept of iteration, or learning from previous results (and mistakes), is inherent to the scientific
process, modern project management, and creativity itself.
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The tendency to make mistakes is a characteristic feature that sets humans apart from machines.
Deviating from regular behavior is one of the key features of our creative capacity. Just as in nature,
where random permutations of lifeforms occur and the survival of the fittest leads to continuous
improvements, humans can learn from mistakes and progress ( ; ).
This capacity to adopt and acquire new skills is the reason why human labor has prevailed (

s )» and the world of work has not—despite doomsayers, both
old and new (e.g. ; )—eliminated the human element. To neglect the
trend towards, and enormous potential of automation, however, would be foolish. In order to reap
the rewards of automation and its phenomenal potential to increase productivity, but also leverage
humans and their capacity for complex critical thinking, social intelligence and creative problem
solving, interaction between both parties is imperative ( ). This, however, requires a
stronger focus on human-machine interaction with the goal of creative output, especially from the
discipline HFE. This long-standing endeavor, called Intelligence Augmentation (IA) (

) has often been in competition with Al For creativity and its unique properties, however,
a synthesis of the two, Artificial Intelligence Augmentation (AIA), seems appropriate (

). First results of this emerging field are machines that purposefully make mistakes
( ). In a recent approach, created an Al that aligns an
algorithmic approach with the human one in the domain of chess. By predicting human errors,
the authors hope to eventually facilitate the exchange of humans and Al as partners. In order to
develop systems like these for creative performance though, a better understanding of the role of
error in creative problem-solving is required ( ). Along the way, errors are
bound to be made. These, when properly analyzed and learned from, however, might facilitate
creativity, the very phenomenon necessary to promote itself as a research subject.



the danger of computers becoming like humans
is not as great as the danger of humans
becoming like computers

—— Konrad Zuse
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