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Abstract

The goal of this paper is to examine meaning as a component of creativity. We take a demand-
based approach for conceptualizing meaning, and propose that it emerges from user needs
instead of emerging from already existing creative solutions. Meaning is proposed as a
third component of creativity, alongside novelty and usefulness. We test this proposition in
a pre-study, and two empirical studies. In the pre-study, designers define creativity and pro-
vide examples of solutions that they deem creative. The results of the pre-study yield a 24-item
scale for assessing creativity. Then, we conduct two empirical studies, in which we utilize the
created scale for measuring creativity, and for examining the components arising thereof. In
the first study, we ask creators (design engineering students) to generate ideas for one of two
design briefs. Afterwards, creators were asked to rate their own creations, on the 24-item crea-
tivity scale. Here, we find a four-factor solution for creative outcomes, consisting of the dimen-
sions novelty, usefulness, cleverness, and meaning. In the second study, we ask independent
evaluators (individuals with related and relevant degrees) to assess the creators’ work on the
creativity scale. Here, we find a three-factor solution for creative outcomes, consisting of the
dimensions novelty, usefulness, and meaning. In both studies, meaning emerged as a separate
component of creativity. Additionally, in both studies, it accounted for variance that was unac-
counted for by novelty and usefulness, thereby increasing the overall explanatory power of
creative solutions. These findings strongly speak of meaning as a third component of
creativity.

Creativity is an essential characteristic of new products and services and a prerequisite for
innovation (e.g., Amabile, 1996; Bharadwaj and Menon, 2000). In today’s competitive environ-
ment, the pressure to generate creative ideas is greater than ever before. To meet the constant
demand of new ideas, numerous idea generation techniques have been proposed to foster their
development. Brainstorming (Osborn, 1979), random or remote associations (Mednick, 1962),
lateral thinking (de Bono, 1970), and TRIZ (Altshuller, 1996) are some of these techniques, to
name a few. Yet, as Verganti (2016) points out, the availability of techniques is not an issue
anymore. The world is full of ideas (Weisberg, 2006), and there are more people working
in the creative industries than ever before (Verganti, 2016), pouring an abundance of creative
knowledge onto the market. Indeed, idea contest sites such as Innocentive and Designboom
get about 4500 ideas for each challenge they post, illustrating the availability and abundance
of ideas (Verganti, 2016). The challenge lies in recognizing and identifying the truly creative
solutions from this sea of available ideas (Weisberg, 1986).

Amabile’s work (1983, 1996, 2001) on creative products is one of the most established
approaches for recognizing a creative idea. Her body of work, among others, specifies that
ideas should be novel and useful to be considered creative. Novel ideas refer to those consid-
ered to be original and unique, never seen before, while useful ideas concern those considered
to be appropriate and useful, effectively answering the problem at hand. These two compo-
nents have been considered equally important in the context of engineering, technology,
and design creativity, which is also the background domain of this paper. This definition of
creativity stems from Guilford (1950) and Stein (1953), and has become one of the most
accepted definitions of creativity, encompassing thousands of citations and hundreds of arti-
cles (e.g., Finke et al, 1992; Boden, 1994; Amabile, 1996; Sternberg and Lubart, 1999; Runco,
2007; Bronson and Merryman, 2010; Hennessey and Amabile, 2010; Sarkar and Chakrabarti,
2011). Throughout the years, several researchers have tried to expand on this definition.
Generally, researchers have attempted to do so by suggesting additional dimensions to novelty
and usefulness, as numerous researchers feel that two dimensions are insufficient for capturing
all creative ideas and felt the need for additional dimensions or criteria. Examples are numer-
ous, and include surprise (Simonton, 2012), un-obviousness (Lopez-Mesa and Vidal, 2006;
Howard et al., 2008), unexpectedness (Gero, 1996), cohesiveness (Chiu and Shu, 2012),
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elegance (Besemer and O’Quin, 1999), affect (Horn and Salvendy,
2009), and arousal (Horn and Salvendy, 2006), among others.

Yet, the question is if these are truly defining characteristics of
creativity. When analyzing creative output, in the field of engi-
neering, technology, and design creativity, one can always find
examples of additional dimensions, which become more or less
important considering the problem context. Also, it becomes dif-
ficult to separate components of a creative solution from its out-
comes; emotion theorists, for example, would argue that affect
and surprise are outcomes of a creative solution, rather than rep-
resenting defining characteristics of it (e.g., Smith and Ellsworth,
1985; Roseman et al., 1990; Roseman, 1996; Watson and Spence,
2007; Ellsworth, 2013). Perhaps, a more fruitful way of approach-
ing this issue would be to view it from a demand-driven perspec-
tive, rather than a supply-driven one. A demand-driven approach
involves focusing on what people want and desire, instead of what
the market provides (e.g., in terms of available ideas). A demand-
based approach is consistent with Amabile’s notion that creativity
is socially and historically bound; for example, what was consid-
ered novel and useful 30 years ago is not novel and useful now
(Amabile, 1983, 1996). Yet, from a broader perspective, a
demand-based approach also brings into question what is creative.
So what is creative now may not only hold implications for the
dimensions novelty and usefulness, but may also call for a new
dimension that may have been irrelevant at the time when novelty
and usefulness were originally defined (in the 1950s, when
Guilford put creativity on the agenda as a research-worthy
topic, see Guilford, 1950; Sawyer, 2006). We aim to capture
what is creative now by taking a demand-based approach to crea-
tivity. Demand-based approaches, which focus on user needs
instead of what is available, allows for a broad perspective of crea-
tivity and its dimensions in context. Demand-side approaches
have successfully been used in technology development (von
Hippel, 1988; Lynn et al, 1996; Adner, 2002), business strategy
(Day, 1990; Kim and Mauborgne, 1997), and for examining the
evolution of technological trajectories (Abernathy and Clark,
1985; Christensen, 1997; Adner and Levinthal, 2001), but has
not yet been applied in the context of creativity. Given that
demand-based views are particularly relevant in a changing mar-
ketplace (Adner, 2002) such a view would seem ideally suited for
examining changes that may have taken place with regards to
creativity and its dimensions.

The user needs change over time, but only a few changes are
sufficiently fundamental to constitute a shift in needs. We pro-
pose that meaning represents such a fundamental shift, and there-
fore deserves consideration as a third dimension of a creative
product. In the context of our paper, as it is demonstrated later
in the section “Measuring the meaning dimension”, we define
meaning as a creative component, in which ideas are considered
meaningful when they are understood (both by creators and eva-
luators) as personal, similar to them, significant and influential to
the user’s context. It is important to note that the focus of this
paper is on technological and design creativity, and excludes
other artistic fields, in which the defining components of creativ-
ity may differ. Meaning captures user needs, as it has been widely
documented that contemporary users seek and aspire for meaning
in their lives (e.g., Sommer and Baumeister, 1998; Lyubomirsky
and Lepper, 1999; Lyubomirsky et al, 2005; Baumeister et al.,
2013). Meaning is also a shift in user needs which has taken
place after the initial creativity dimensions of novelty and useful-
ness were established (e.g., Guilford, 1950; Amabile, 1982) when
users mainly chose a new product based on the technology and
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the accompanying benefits it provided (Rogers, 2003). Due to
its rapid development, technology alone no longer suffices for dif-
ferentiating between competing products/services. Instead, users
seek meaningful interactions with products based on a solution’s
ability to communicate a personal purpose, their role in
society, and support their well-being (Hassenzahl et al, 2013).
Although this shift has not been explicitly noted by creativity
researchers, they have implicitly taken note; Kaufman and
Gregoire (2015, Preface, p. xxx), for example, define creativity
as “expressions of originality and meaningfulness in daily life”,
and Im ef al. (2015, p.166) frame it as “a new product is perceived
to be uniquely different from competitors” products in a manner
that it is meaningful to target customers”. Similarly, Norman and
Verganti (2014) position new products along axes of “technology
change” and “meaning change”, and state that a meaningful inno-
vation “starts from the comprehension of subtle and unspoken
dynamics in sociocultural models” by involving “a change in
sociocultural regimes” (Norman and Verganti, 2014, p. 90).
Although none of these researchers explicitly define meaning, it
seems clear that meaning has started to play a defining role in
relation to creative solutions.

The goal of this paper is to position meaning as a defining
characteristic of creative solutions. We propose, consistent with
Amabile (1996), that meaning has emerged from the historical
and sociocultural context of our times, to become a third compo-
nent of creativity. We present our viewpoint by (1) examining the
historical and social developments that lead to the emergence of
meaning (2) exemplifying the role of meaning in creative solu-
tions, (3) proposing a way of measuring meaning in creative solu-
tions, (4) illustrating the complementary and additive effect of
meaning in creative solutions with regard to novelty and useful-
ness, and (5) showcase that despite its complementary effect,
meaning is a separate dimension that can be empirically distin-
guished from novelty and usefulness.

Definitions of creativity arise from the historical and social con-
text in which they transpire (Amabile, 1996; Sosa and Gero,
2005; Puccio et al, 2010). So too, is the case of meaning.
Technological progress was considered the underpinning of a
post-industrialist modern society, and products that contributed
to that progress were hailed as groundbreaking and revolutionary
(Isaacson, 2014). For the post-industrial user, creative solutions
were mainly distinguished based on technology, as it provided
the basis for innovation (Rogers, 2003). At the time, markets
were typically limited to a handful of choices in different product
categories (Chandler, 2001), where users could relatively easily
compare available options, without investing too much time
and effort (Rogers, 2003).

Several developments contributed to technology’s demise as a
differentiating factor for products. First, during World War II,
technological development took on a rapid pace (Marvin, 1990;
Chandler, 2001; Isaacson, 2014). Products such as the radio, the
TV, and the personal computer rapidly diffused onto the market
after their introduction, allowing people to gain access to other
people’s lives for the first time (Chandler, 2001; Beniger, 1986;
Isaacson, 2014). Technology gave people unprecedented access
to information, enabling them to get acquainted with other life-
styles and products of the world. During this time, new product
introductions also took on an unprecedented rate. Suddenly,
when the consumer had a buying decision to make, there was
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an array of choices available, which progressively, came to feature
the same technology. Technology, as such, no longer separated
one product option from another, prompting users to find
other ways of differentiating products from one another
(Pfeffer, 1994; Chandler, 2001; Isaacson, 2014).

Second, when social progress advances to a stage where most
people in industrialized countries have their basic needs met
(e.g., food and shelter), they start to focus on self-actualization
and fulfillment (Maslow, 1967). The post-war society increasingly
evolved to focus on the self as a means of progress and achieve-
ment (Sommer and Baumeister, 1998). The self-became the cen-
ter of decision making (Levy, 1966) and products were now
considered means for promoting one’s wants, desires, prestige,
and social status (e.g., Fershtman and Weiss, 1993; Vigneron
and Johnson, 1999; Wang and Wallendorf, 2006). This can also
be seen in the happiness movement that took place a decade
ago, in which users started searching for happiness in their life-
style (e.g., Easterlin, 2001; Ryan and Deci, 2001; Seligman, 2004;
Ben-Shahar, 2007; Hassenzahl et al, 2013). Having a fixed job,
a regular income, a house, and sufficient disposable income to
guarantee a comfortable lifestyle was no longer sufficient for mak-
ing users happy (e.g., Ryan and Deci, 2001; Diener and Diener
McGavran, 2008; Dunn et al, 2008; Oishi and Kesebir, 2015).
This paved way for a quest for meaning, in which users started
thinking about how they live their lives, and the role products
play in that realm (e.g., Ostrom and Ostrom, 2004; Rowles,
2008; Beattie, 2009; Morgan and Farsides, 2009; Klinger, 2012;
Wong, 2013).

The advent of the internet and social media blew new winds in
the self-expressive capacities of products, to the point that this
capacity is nowadays taken for granted. Users expect an array of
products to cater to their every need and to be available for self-
expressive functions, including personalization, self-design, and
co-production, in addition to the more traditional means of
branding, and a product’s color, shape, and size. It is at this
point in time that we can no longer ignore the rise of meaning,
or set aside the importance of meaning in the design and assess-
ment of products and services.

Users desire products and service solutions that communicate
something about who they are or would like to be. A meaningful
product is defined by Csikszentmihalyi and Rochberg-Halton
(1981) as “an object that symbolically expresses the integration
of the owner with his/her social context” (p. 39). Products (tan-
gible or intangible ones, e.g., services) communicate meaning
with their inherent qualities and are dependent upon the invest-
ment of meaning both the encoding/creation and decoding/con-
sumption stages for their very existence (Csikszentmihalyi and
Rochberg-Halton, 1981). Meaning is communicated by a produ-
cer/designer (the creator, at the encoding/creation stage), and
interpreted by the user (the evaluator, at the decoding/consump-
tion stage) (Csikszentmihalyi and Rochberg-Halton, 1981).
Meaning consists of an individual part, as well as a shared part.
Although both creators and evaluators may have personal inter-
pretations, a great deal of meaning is shared. The shared meaning
has a mirroring quality, which enables a creator to imbue it in a
solution and to be understood by an evaluator. This paper focuses
on shared meaning. Personal meaning is idiosyncratic to each
individual and rely more on an individual’s unique memories
and experiences than the product per se; a song can be
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meaningful to an individual because it was played at his wedding,
but this meaning is unlikely to be shared by other users (Solomon,
1983).

Shared meaning, on the other hand, can be used for fostering
individual goals, or one’s social goals. On the individual side,
users apply meaning to communicate their self-identities, while
on the social side, users use it to communicate to others how
they would like to be perceived. As meaning relies on a shared
understanding of the social world (consensus) (Solomon, 1983),
people derive different meanings from a luxury watch and a
recycled handbag, and of the people who consume such products.

As meaning is conveyed by a creator, solutions that capture
symbolic expressions, which in turn capture peoples’ wants and
desires, could be considered creative. In this case, the creative
solution does not only become novel and useful, it also becomes
meaningful to users. Considering creativity as being composed by
novelty, usefulness, and meaning provides additional understand-
ing of the value of a solution to the market, which cannot be
captured by novelty and usefulness alone.

As previously indicated, creativity has been defined as a combina-
tion of novelty and usefulness (e.g., Amabile, 1996; Moreau and
Dahl, 2005; Horn and Salvendy, 2006, Sarkar and Chakrabarti,
2011), a description which has been referred as the “standard def-
inition of creativity” (Runco and Jaeger, 2012).

Novelty pertains to the originality and uniqueness of a solution
(e.g., Guilford, 1967; Moreau and Dahl, 2005), which ensures that
it stands out from other solutions in the same category.
Usefulness pertains to the appropriateness and effectiveness of a
solution (e.g., Guilford, 1967; Moreau and Dahl, 2005), which
relates to its ability to solve a pre-specified problem or address
a specific need in the market.

Despite the prevailing presence of these two components in
the literature, the measurement of creativity has been considered
fragmented (Hennessey and Amabile, 2010; see the many over-
views by Shah et al, 2003; Dean et al, 2006; Sarkar and
Chakrabarti, 2011; Kudrowitz and Wallace, 2013 and Gongalves,
2016). Many studies have, in fact, proposed additional compo-
nents, as mentioned in the introduction of this paper, or have
decomposed creativity in different sub-criteria (e.g., Christiaans
and van Andel, 1993; Dean et al., 2006; Verhaegen et al., 2013).
Table 1 presents a review of research studies, in psychology,
design engineering, and consumer research, which have evaluated
creativity as a combination of different components.

As can be seen from the overview presented in Table 1 and as
many others have pointed out (e.g., Simonton, 2003; Averill,
2005), novelty and usefulness seem to be insufficient on their
own to be able to capture the spectrum of products and services
that can be considered creative. For instance, patents are often
used as a measure of creative output (cf. Pelz and Andrews,
1966; Keller and Holland, 1983), yet few creativity researchers
explicitly examine the US Patent Office when defining creativity
(Simonton, 2012). The US Patent Office states that any person
who “invents or discovers any new and useful process, the
machine, manufacture, or composition of matter, or any new
and useful improvement thereof, may obtain a patent” (https:/
www.uspto.gov/patents-getting-started/general-information-con
cerning-patents#heading-5). Besides being new and useful, they
add a third criterion, non-obviousness, by stating that “the subject
matter sought to be patented must be sufficiently different from
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Table 1. Review of selected studies involving assessment of creativity

Study

Add. information

Creativity and other metrics

Guilford (1950)

Suitable to assess divergent thinking

DIVERGENT THINKING = FLUENCY and FLEXIBILITY and ORIGINALITY and ELABORATION

Moss (1966)

Score results on a 9-point scale

CREATIVITY = UNUSUALNESS x USEFULNESS
Unusualness (reverse probability or statistical infrequency of ideas, in a scale from 0 to 3)
Usefulness (comparing the product requirements of ideas with a “perfect idea”, in a scale from 0 to 3)

Amabile (1982)

An overall score based on subjective evaluation
of experts

CONSENSUAL DEFINITION OF CREATIVITY
(No discrete objective metrics)

Jansson and
Smith (1991)

The metrics were used to assess design fixation

CREATIVITY = FLEXIBILITY and ORIGINALITY

Flexibility (number of approaches to solve a design problem divided by total number of solutions)

Originality (based on statistical infrequency: Sum of “o0” scores for an individual’s ideas divided by the number of ideas for that
category)

Christiaans and
van Andel (1993)

Metrics adjusted to fit design brief used,
assessed on a 10-point scale

DESIGN QUALITY = Combination of 9 aspects metric-Suitability for target group; - Challenging fantasy; - child friendliness; -
multifunctionality; - suitable to carry multiple children; - suitable for boys; « suitable for girls;- suitable for older children; -
suitable for younger children.

MacCrimmon and
Wagner (1994)

Not suitable to assess creativity of products

CREATIVITY = ORIGINALITY and USEFULNESS
Originality (Novelty and Non-obviousness)
Usefulness (Relevance and Workability and Thoroughness)

Besemer and
0’Quin (1999)

Objective metric for creative product
evaluation

Three facet model of CREATIVITY = QUALITY and ORIGINALITY and ELEGANCE

Shah et al. (2003)

Authors do not claim measuring creativity

IDEATION EFFECTIVENESS = NOVELTY + VARIETY + QUALITY + QUANTITY
Quantity and Variety (regarding the entire idea generation session) Novelty and Quality (scores computed for each idea)

Chakrabarti and
Khadilkar (2003)

Only suitable for final product designs

PRODUCT NOVELTY = “Similarity with existing products” and “Different weight novelty levels’

Dean et al. (2006)

Discrete metrics were scored on either 3 or 4
point scales

CREATIVITY = NOVELTY + QUALITY
(workability + relevance + specificity)
CREATIVITY

I 1
NOVELTY QUALITY
I I 1
WORKABILITY RELEVANCE SPECIFITY

Originality ~Paradigm o ]
relatedness Applicability Effectiveness
Acceptability  Implemen- Implicational Complete- Clarity
tability explicitness ness

Chakrabarti (2006)

Three additional factors (knowledge,
motivation and flexibility) influence the
assessment of creativity

CREATIVITY = NOVELTY and PURPOSEFULNESS and RESOURCE-EFFECTIVENESS
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Study

Add. Information

Creativity metrics

Lopez-Mesa and Vidal (2006)

Focus on novelty. This is measured against expected
solutions and pool of existing products

CREATIVITY = NOVELTY (NON-OBVIOUSNESS and NEWNESS) and QUANTITY and QUALITY (FEASIBILITY)
(Based on FBS model)

Horn and Salvendy (2009)

Consumer-based assessment of product creativity

CREATIVITY = NOVELTY (frequency and rarity) and IMPORTANCE (relevance and significance) and AFFECT
(desire, attraction, etc)

Sarkar and Chakrabarti (2011)

Only suitable for final product designs

CREATIVITY = NOVELTY x USEFULNESS
(FBS + SAPPhIRE) x (importance x rate of popularity of use x frequency of use x duration of use)

Howard et al. (2011)

An overal score of creativity was not computed

CREATIVE PERFORMANCE = IDEA QUALITY and IDEA FREQUENCY

(ORIGINALITY and APPROPRIATENESS and UNOBVIOUSNESS)

Frequency (how many ideas are produced in a given time period)

Originality (whether it is a completely new/original concept or a routine one) Appropriateness
(whether it is rejected at the stage gate or selected for further exploration)

Unobviousness (whether the idea was generated quickly - obvious- or after a longer period)

Verhaegen et al. (2013)

Focus of paper is only on variety

CREATIVITY = QUANTITY x VARIETY x NOVELTY x QUALITY

CRE -‘}TI‘\:’IT\"
T T T 1
QUANTITY/ VARIETY/ NOVELTY QUALITY
(FLUENCY} (FLEXIBILITY) |
I 1 1
Criginality Paradigm  Workability/ Relevance Specificity/

relatedness  Feasibility {Thercughness/
Completeness)

Applicability effectiveness

Rarity/ Ingenuity/ Acceptability’ Implemen- Implicational Complete- Clarity
(Unusual’ (Surprising/ (Known tability/ explicitness ness
infrequency) imaginative) constraints) (Technical

feasibility)

Simonton (2012) (based on the US
Patent Office criteria)

An overal score of creativity can be computed

CREATIVITY = NEW x USEFUL x SURPRISING (NONOBVIOUS)

Agogué et al. (2014)

An overal score of creativity was not computed

CREATIVITY = FLUIDITY and ORIGINALITY
Originality based on statistical infrequency (0=low originality; 1= high originality).
Fluidity based on the number of solutions (fluency/quantity)

Chiu and Shu (2012)

An overal score of creativity was not computed
Each metric was scored on an 11-point scale between 0
and 10

CREATIVITY = NOVELTY and USEFULNESS and COHESIVENESS Novelty (newness, originality and surprise)
Usefulness (appropriateness and value)
Cohesiveness (wholeness, elaboration, detail, style and clarity)

Kudrowitz and Wallace (2013)

Each metric was rated on a 3-point scale

INNOVATIVE IDEA = QUANTITY + CREATIVITY + NOVELTY + USEFULNESS + CLARITY

NUF (in Kudrowitz and Wallace
(2013)

Each metric was rated on a 10-point scale

INNOVATIVE IDEA = NOVELTY + USEFULNESS + FEASIBILITY
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what has been used or described before that it may be said to be
non-obvious to a person having ordinary skills in the area of tech-
nology related to the invention” (https:/www.uspto.gov/patents-
getting-started/general-information-concerning-patents#heading-
5). As the US Patent office makes discrete patent decisions (either
a patent is granted or not granted), these criteria are qualitative in
nature and are not meant for ranking purposes (Simonton, 2012).
Yet, they are helpful for purposes of content validity, criterion
validity, and external validity.

In the same way that the US Patent Office (and many other
researchers) uses a three-partite definition of creativity, we posi-
tion that creativity is indeed composed of three parts. However,
instead of non-obviousness (US Patent Office) or surprise
(Simonton, 2012), we take a different viewpoint, and point toward
meaning as a third component. For illustrative purposes, we
examine two prominent patents that may not be considered
directly or particularly novel or useful, but could be considered
meaningful: Google’s Doodles and Apple’s “Personal computing
device control using face detection and recognition”. Google
was granted a patent for its Google Doodles (Patent US
7,912,915, see Fig. 1 Right), that is, its habit of altering its logo
for special events or holidays. The invention was described as
“periodically changing story line and/or special event company
logo to entice users to access a web page” (https://www.uspto.
gov/patentsgetting-started/general-information-concerning-patents#
heading-5). This invention is not directly unique - retailers have
long decorated their logo for seasonal purposes — nor is it directly
useful as it does not solve anything or utilize any new technology.
Yet, it was granted a patent. Another example is Apple. Apple was
given patent protection on a system that unlocks devices via face
recognition (Patent US 8,600,120, see Fig. 1 Left). The invention
pertains to the detection of the user’s face and unlocking the
device without actively entering a password or taking any other
action. One could argue that this invention is novel when com-
pared with existing ways of controlling electronic devices, such
as fingerprint recognition or password input. However, it is not
necessarily more useful than current solutions, as the device auto-
matically unlocks when the user is present even in unwanted sit-
uations, or does not unlock at all if the user changes his/her
physical appearance. Yet, Apple was also granted a patent.

We are not aware of the actual criteria that the US Patent
Office may have used, but both of these inventions would fit
the criteria of meaning®. Google’s Doodles help users stay up to
date with the times and the society they live in, and teach them
about people and events in other parts of the world. Apple’s
face recognition unlocking system, besides being to some extent,
novel and useful, provides users with a sense of belonging to an
exclusive group. Apple products can be considered self-expressive
symbols that communicate membership to an exclusive club -
that is, the Apple user club - as the product helps communicate
the self by signaling to the self and others what type of person
the individual is or desires to be (“I am an Apple user”). The
value of these inventions seems to lie in their ability to capture
symbolic expressions that tap into user needs.

Summarizing, we propose that creativity is composed by three
components: novelty, usefulness, and meaning, which are interre-
lated and contribute to a timely understanding of creative out-
comes (Fig. 2). We believe meaning is an important component
of creative products, as (1) it is inherent to products and services,

?A definition of meaning can be found in the introduction and in the section
“Measuring the meaning dimension”.
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(2) it is contextually and historically relevant (3) expresses a need
in society that can be met by creative output, and (4) serves to
differentiate products and services when novelty and usefulness
do not.

In order to devise a more comprehensive understanding of crea-
tivity and its components, we devised a research set-up consisting
of several phases. The phases are described in the following sub-
sections and are summarized in Figure 3.

Meaning is created by a producer/designer (at the encoding/crea-
tion stage). To gain an understanding of what meaning could
entail to creators, and how they could see it being manifested in
solutions, we recruited ten experienced design Master students,
from an industrial design engineering faculty, to examine what
in their view, constitutes a creative product/service. The students
were second-year Master students (50% males, 50% females, age
range 22-27), and each of them had working experience as
designers in various organizations (2-5 years of experience).
Further, all of them had been involved in designing actual pro-
ducts that have been launched onto the market for an audience.
Thus, they could be considered potential creators of creative out-
comes. To gauge the dimensions of creativity, we asked the stu-
dents to independently find ten existing products/services they
considered creative, from any source they deemed appropriate.
They were also asked to bring a picture of each example, along
with a short piece of text describing it. Then, they presented
each of the ten ideas they had found to each other in a session
regulated by the first author and a research assistant, and
explained why they deemed the solution to be creative, and
what creativity dimensions the solution embodied that made it
creative. At this stage, they provided these dimensions themselves
and supplied definitions for each of them.

After presenting the ideas to each other, we asked each participant
to undertake a qualitative sorting task, in which each one of them
individually sorted the 100 solutions (10 x 10) that had just been pre-
sented to them into different categories. The sorting was based on the
pictures alone, which means that no text or other information was
provided. The participants were free to define creativity as they best
saw fit on the basis of the presentations. After each participant had
individually completed the sorting task, the group got together and
compared the categorizations they had reached based on the sorting
task. Each participant had sorted the creative products into four of
five different types (i.e., dimensions) of creativity. The four dimen-
sions that all participants agreed on were novel, useful, clever, and
meaningful; the one dimension in which there was disagreement
was the dimension that was defined by the participants as designerly.
The group outcome that emerged is shown in Figure 4. As can be
seen, participants thought some products purely fit into one dimen-
sion, whereas other products were almost in-between dimensions.
The vast majority (8 out of 10 participants) did not consider
designerly to be a separate dimension of creativity, but something
that was embedded in the other creativity dimensions. The group dis-
cussed this disagreement, and reached a consensus regarding the four
categories: novel, useful, clever, and meaningful.

For purposes of verification, we consulted three expert designers
with regard to the pre-test results. All three designers were interna-
tional professional designers actively engaged in product, service
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and interaction design, with 9, 8, and 6 years of experience. First, we
asked them to provide their own definition of creativity. Then, we
showed them Figure 4, and asked them whether they agreed with
the dimensions portrayed there (novel, useful, clever, meaningful).
Two of the designers readily agreed with the proposed dimensions,
and felt that it accurately captured creativity. The third one was
more skeptical, because he associated creativity mainly with novelty,
and not with other dimensions such as usefulness or meaning.
Overall, we may conclude that the pre-test results have sufficient
face validity among professional designers, allowing us to proceed
with the proposed dimensions.

The measurements for these dimensions were then derived from
the literature. For dimensions that had previously been measured
(novel and useful), scale items were readily available (e.g.,
Csikszentmihalyi and Rochberg-Halton, 1981; Moreau and Dahl,
2005; Horn and Salvendy, 2006), and we opted for the most com-
monly used Likert-type adjective scale, in which scale items are listed
as adjectives, and rated on a Likert-scale from 1 to 7. For example, for
novelty, the items would be infrequent, unusual, rare, and original. In
line with the recommendations for scale development (DeVellis,
2003), for the dimensions that had previously not been measured
(clever and meaningful), we created scale items by extracting adjec-
tives from the literature pertaining to these dimensions, considering
semantic as well as literal similarity (Csikszentmihalyi and
Rochberg-Halton, 1981; Solomon, 1983; Norman and Verganti,
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2014). We extracted adjectives until we no longer found items that
were unique to the dimensions or separated them from others. The
resultant scale consisted of 24 items, with 4 items denoted to novelty
and 4 to usefulness (as these scale items have been widely tested) and 7
to clever, and 7 to meaning (as these scale items have not been tested
before). It is noteworthy to consider that novelty, usefulness, clever,
and meaning are all unobservable concepts, and should, therefore,
be measured using multiple items (Fox, 1983; Edwards and
Bagozzi, 2000; Tabachnick and Fidell, 2012). We follow this recom-
mendation and measure novelty, usefulness, and meaning using mul-
tiple items, as multiple items provide a more accurate estimate of each
concept it intends to measure whilst reducing its associated measure-
ment error. The complete scale can be seen in Appendix 1.

We measured creativity using the consensual assessment technique
(Amabile, 1982, 1983). We conducted two studies to reach this
goal. First, we recruited a set of design Master students, who
were asked to generate ideas (Phase 2 — Study 1; see the section
Creators below). Then, we recruited a set of evaluators for assessing
each idea (Phase 3 - Study 2; see the section Evaluators below).

For meaning to be considered a separate dimension, it would
need to meet four criteria. First, it would need to load as a distinct
component among both creators and evaluators for purposes of
convergent validity (Russell, 1978; Cunningham et al., 2001); sec-
ond, the items assigned to the component would need to be suffi-
ciently similar across both creators and evaluators (so that items
load on the same component in both groups) for purposes of fac-
torial invariance (Drasgow and Kanfer, 1985; Marsh and Hocevar,
1985); third, it would need to be sufficiently different from novelty
and usefulness for purposes of discriminant validity (Fornell and
Larcker, 1981; Bollen, 1989); and fourth, it would need to add to
the variance explained by novelty and usefulness in the judgment
of creative ideas by having an Eigenvalue above 1 (Tabachnick
and Fidell, 2012; Field, 2013).

In Study 1, 228 design Master students were recruited to individu-
ally create ideas in an ideation session, followed by a question-
naire. The participants were randomly allocated to one of two
design briefs, which focused either on the creation of a lamp
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Fig. 3. Set up of the overall research study

for a museum (design brief 1), or a lawn chair to sit multiple peo-
ple (design brief 2).

Design Brief 1

Your task is to design a lamp for in a (big) entrance hall of a
museum. The lamp should stimulate interaction between museum
guests. During the design task, you can draw your ideas on the
given scratch papers. Make sure your final design is drawn on the
backside of this paper, and handed in. When you are finished,
please give the moderator a sign. The study includes an online
questionnaire, to be filled in after the design task on one of the
laptops in this room. Thank you for your cooperation.

Design Brief 2

Your task is to design a lawn chair for several people. The chair
should be able to comfortably seat multiple people at the same
time. During the design task, you can draw your ideas on the given
scratch papers. Make sure your final design is drawn on the
backside of this paper, and handed in. When you are finished,
please give the moderator a sign. The study includes an online
questionnaire, to be filled in after the design task on one of the
laptops in this room. Thank you for your cooperation.

These design briefs can be considered wicked problems (Rittel
and Webber, 1973), for the following reasons: They are open,
enabling exploration and definition of the problem space, and
do not have one correct solution; they are complex, as they involve
more than one stakeholder, whose wishes and needs may be con-
flicting; and they involve to some extent societal and/or cultural
issues, which are interconnected and changeable. Therefore,
these briefs were considered adequate for representing design
problems designers usually deal with in practice and education.

Each creator was asked to design one idea. In total 124 creators cre-
ated designs for the lamp, and 104 for the chair. Each participant
worked individually, and no time limit was put on the ideation session.
After the participants had designed their idea and handed it in, they
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were asked to fill in a questionnaire. The questionnaire asked the
designers to rate their own design in terms of 24 creativity items
(shown in Appendix 1), which were defined in the pre-study, phase 1.

Although self-assessing one’s own designs can be unreliable, as
creators tend to overvalue their own creations (Amabile, 1996),
our goal is merely to use the self-assessments for checking the
mirroring quality of meaning - that the creator imbues meaning
into the idea which is communicated (or not) to the evaluator. As
such, the actual rating (i.e., high or low) is of a lesser concern than
the dimensions creators embed, which makes self-assessment
acceptable in this context. Indeed, Amabile (1996) recommends
checking for self-assessment in cases in which it may be useful.
Of the 228 creators, 221 filled in the questionnaire pertaining to
their design (101 males, 119 females, mean age 23 years), and
are used for examining the (self-assessed) dimensions of creativ-
ity. Per the consensual assessment technique (Amabile, 1996),
we then asked a separate group of participants to assess the
ideas created by the creators, using the same dimensions. These
participants are considered evaluators, who have degrees in rele-
vant domains, that is, design, arts, marketing, or industrial engi-
neering. We made this distinction between creators and
evaluators as Amabile (1996) suggest that evaluators should be
experts in their domain, that is, people with related and relevant
degrees, to be able to evaluate ideas created by students.

We used exploratory factor analysis with Varimax rotation to
extract the components from the data and to assign the different
factors to the components. The aim with the factor analysis was
to ensure that items belonging to a factor would have a high load-
ing on that factor (>0.60), and not cross-load with other factors
(Tabachnick and Fidell, 2012; Field, 2013). We did not impose a
pre-defined structure on the factor analysis, but let the factor struc-
ture emerge from the analysis. The results showed that there were
four components that could be extracted, and that there were four
items that loaded on novel (original, rare, unusual, infrequent), four
items that loaded on useful (functional, effective, appropriate, use-
ful), five items that loaded on meaningful (important, meaningful,
representative, personal, significant), and four items that loaded on
clever (ingenious, smart, cool, impressive) (see Table 2). Of these
components, meaningful accounted for most of the variance in
the data (Eigenvalue 4.05, 16.89% of the variance), followed by
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Fig. 4. Outcome of the qualitative sorting task to categorize products into four dimensions of creativity (novel, useful, clever, and meaningful). A larger version of

this image is shown in Appendix 2

clever (Eigenvalue 3.84, 16.06% of the variance), then novel
(Eigenvalue 2.74, 11.41% of the variance), and finally, wuseful
(Eigenvalue 2.56, 10.65% of the variance). These findings indicate
that the four dimensions of meaningful, clever, novel and useful,
together account for more than 55% of the variance in the overall
concept creativity, with meaning accounting for the most (16.89%
of the variance). The correlation matrix for creators is displayed in
Table 3, and shows a negative correlation between novel and useful
(which is a common trait of the relationship between novelty and
usefulness, and has been reported in other studies on creativity
assessment, e.g., Sarkar and Chakrabarti, 2011) and positive corre-
lations between all other constructs.

Clever and meaningful are highly correlated, but their inter-
correlation is below the cut-off point of 0.70 for considering a con-
struct to be distinct (Tabachnick et al., 2001). As these correlations
show, creativity as an overall construct has common denominators
(as captured by the correlations). Yet, as evidenced by the correla-
tions, each dimension also has a variance that is uniquely its own,
and may not be captured in the other dimensions. We may thus con-
clude that the factor structure for creators consists of four factors:
novel, useful, clever, and meaningful. Next, we move to the evaluators.

Phase 3 - evaluators

A total of 456 evaluators rated the ideas ideated by the creators, in
the form of an online questionnaire. The evaluators were recruited
from Amazon Mechanical Turk, and were paid 1.20 USD for their
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assessments. Amazon Mechanical Turk has proven very reliable
for assessing new ideas (Paolacci and Chandler, 2014; Berg,
2016) provided that screening criteria that serve the purpose of
the consensual assessment technique as used. As earlier men-
tioned, as per the consensual assessment technique, we recruited
Amazon MTurk Workers with degrees in design, arts, marketing,
or industrial engineering as evaluators, as all of these disciplines
are involved in creative problem-solving. Each idea (generated
by the creators in Study 1) had two evaluators assessing it,
which resulted in 248 evaluators assessing design brief 1 (the
lamp), and 208 design brief 2 (the lawn chair).

The questionnaire for evaluators asked them to judge the
design using the same questions that the creators had used for
assessing their own designs; we also added some questions that
creators, having created the idea, could not really respond to
(such as how innovative or how surprising the idea is), but are
important for examining creative outcomes. Apart from these
additional questions, the questionnaires for creators and evalua-
tors had the same set of questions in them. Per Amabile (1983)
the ratings of the evaluators were averaged to reach consensus.

Results on evaluators’ assessment

As for the creators, we used factor analysis with Varimax rotation
to examine the scale components. This time, three components
could be extracted from the data (See Table 4): usefulness
(Eigenvalue 10.50, 29.16% of the variance), novelty (Eigenvalue
8.79, 24.41% of the variance), and meaning (Eigenvalue 6.09,
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Table 2. Factor analysis of four creativity components in relation to other
sub-components (Creators)
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Table 4. Factor analysis of three creativity components in relation to other
sub-components (evaluators)

Creators Clever Meaningful Useful Novel Evaluators Useful Novel Meaningful
Eigenvalue 3.96 3.95 2.74 2.43 Eigenvalue 10.50 8.79 6.09
% of variance 17.99 17.95 12.44 11.07 % of variance 29.16 24.41 16.91
Infrequent —0.032 0.131 —0.069 0.795 Original 0.071 0.844 0.066
Unusual 0.177 —0.044 —0.286 0.776 Rare —0.069 0.807 0.161
Rare 0.325 —0.015 —0.170 0.734 Unusual —0.048 0.773 —0.117
Original 0.567 0.038 0.038 0.476 Infrequent 0.162 0.467 0.135
Functional —0.084 0.071 0.819 —0.122 Ingenious 0.361 0.589 0.518
Effective 0.089 0.090 0.784 —0.092 Surprising 0.052 0.761 0.299
Appropriate 0.240 0.019 0.646 —-0.111 Imaginative 0.209 0.833 0.255
Useful 0.121 0.197 0.785 —0.093 Stimulating 0.368 0.627 0.435
Smart 0.679 0.268 0.185 —0.122 Innovative 0.325 0.748 0.370
Impressive 0.615 0.340 0.031 0.254 Acceptable 0.837 0.228 0.214
Ingenious 0.668 0.285 0.150 0.101 Technically feasible 0.754 0.174 —0.148
Similar to me 0.275 0.573 0.050 —-0.173 Effective 0.822 0.159 0.325
Cool 0.689 0.323 0.047 0.116 Solving the problem 0.694 0.160 0.399
Important 0.110 0.789 0.225 0.052 Useful 0.761 0.107 0.368
Meaningful 0.229 0.769 0.127 0.005 Appropriate 0.804 0.210 0.311
Representative 0.207 0.705 0.199 —0.082 Impressive 0.640 0.118 0.338
Influential 0.360 0.534 —0.198 0.138 Better than existing solutions 0.510 0.327 0.568
Personal 0.233 0.608 —0.063 0.115 Smart 0.561 0.491 0.455
Significant 0.304 0.696 0.227 0.201 Functional 0.869 0.112 0.175
Visionary 0.550 0.465 —0.050 0.261 Similar to me 0.388 0.134 0.651
Clever 0.730 0.244 0.184 0.008 Cool 0.449 0.609 0.414
Imaginative 0.596 0.221 —0.007 0.327 Important 0.432 0.259 0.664
Meaningful 0.417 0.352 0.628
Table 3. Correlation matrix for Creators Representative 0.611 0.264 0.483
CREATORS 1 5 3 4 Influential 0.332 0.493 0.618
Personal 0.247 0.347 0.558
1 Clever 1 T
Significant 0.460 0.379 0.624
2 Meaningful 0.640** 1 .
Visionary 0.293 0.677 0.473
3 Novel 0.406** 0.182** 1
Clever 0.426 0.691 0.350
4 Useful 0.150* 0.193** —0.241* 1 .
Intuitive 0.470 0.509 0.441
*p<0.05.
**p<0.01.

16.91% of the variance). These findings indicate that the three
dimensions of usefulness, novelty, and meaning together account
for more than 70% of the variance in the overall concept creativ-
ity, with usefulness accounting for most of the variance (29.16%
of the variance).

Clever did not emerge as a separate component: all of the items
for clever loaded on novelty, with the exception of smart, which
loaded on usefulness. This finding illustrates that if something is
original and unique it tends to be surprising and imaginative as
well. Meaning is the only component that emerges as distinct
and separate in addition to novelty and usefulness. Meaning cor-
relates with novelty and usefulness (see correlation matrix in
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Table 5); although the correlations are high, they are below the
cut-off point of 0.70 used for determining if a construct is unique
(Tabachnick et al., 2001). These correlations show that creativity
is a construct with three components that are distinct, but related
to each other, indicating that creativity as an overall construct has
some common denominators that are captured in all three dimen-
sions, but that each dimension also has unique parts that it brings
to the overall construct.

Recall that for meaning to be considered a separate dimension,
it would need meet four criteria: (1) show up as a distinct compo-
nent among creators as well as evaluators — it did; (2) items
assigned to the component would need to be sufficiently similar
across both groups - they do; (3) it would need to be sufficiently
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Table 5. Correlation matrix for Evaluators

Evaluators 1 2 3
1 Novel 1
2 Useful 0.378** 1
3 Meaningful 0.600** 672%* 1
*p <0.05.
*p<0.01.

different from novelty and usefulness to be considered an addi-
tional dimension - it is ; although it is highly correlated with
both novelty and usefulness, it is a separate dimension as the cor-
relation is below 70; and (4) it would need to add to the variance
explained by novelty and usefulness in the judgment of creative
ideas - it does. All of these criteria are fulfilled, as in both studies,
meaning emerged as a separate component of creativity, which is
distinct from novelty and usefulness. It explains a significant por-
tion of the variance in the data that is not captured by novelty or
usefulness, and shares sufficient similarities across the items in
both groups (i.e., the factor has an Eigenvalue >1 (Tabachnick
and Fidell, 2012; Field, 2013).

To refine the meaning dimension, we re-ran the initial factor
analyses with only the items that loaded consistently across crea-
tors and evaluators. A consistent loading reflects that the item
loads on the same factor in both samples, and stays true to
the mirroring quality of meaning - that is, the notion that the
meaning imbued into the creative idea by the creator is inter-
preted by the evaluator. Six items fulfill the mirroring quality
of meaning: influential, personal, significant, important, mean-
ingful, and similar to me. Including only these six items did
not significantly change the results, as meaning, as portrayed
here, is a reflective scale, for which items (once agreed upon)
can be considered to be largely interchangeable (e.g., Jarvis
et al., 2003). The items that load on the factor we refer to as
meaning for both creators and evaluators capture the consensus
regarding meaning across creators and evaluators, as both
groups agree that the items belong to that specific dimension.
It does not mean that creators and evaluators would necessarily
agree on the ratings of the items included in the dimension, but
that both creators and evaluators agreethat these six items con-
stitute the dimension we refer to as meaning. These six items
can thus be considered the measurement items for the dimen-
sion of meaning.

Thus, our definition of meaning, as a component in creativity,
refers to the extent that an idea or solution can be understood (by
creators and evaluators) as personal, similar to them, and signif-
icant and influential to the user’s context.

Figure 5 shows four examples of ideas created in Study 1, by
the creators, which were subsequently rated by the evaluators.
All ideas were created for design brief 1 (lamp in a museum).
In these examples, it is possible to observe how the evaluators
rated meaning, in relation to novelty and usefulness. Ideas could
be considered both novel and useful, without being meaningful
(Fig. 5, top right) or, on the contrary, be considered meaningful
without being novel or useful (Fig. 5, bottom left), illustrating
the distinctiveness of the three components.
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Generating creative solutions is the best way for organizations to
succeed in an increasingly competitive world. Traditionally, crea-
tive solutions have been defined as solutions that are novel and
useful. This is the most widely accepted definition of creativity
to date. Other dimensions of creativity have been suggested
(e.g., Besemer and O’Quin, 1999; Horn and Salvendy, 2006;
Howard et al., 2008; Simonton, 2012) but none of them have
gained mainstream acceptance in the literature on creativity the
way that novelty and usefulness have.

Creativity is contextual, and as context, it changes over time.
The world that the contemporary user lives in looks widely differ-
ent from the world as it was more than half a century ago when
the creativity dimensions of novelty and usefulness were estab-
lished. Although most contextual changes are more gradual
than fundamental, in this paper, we identify one fundamental
change. This change has profoundly affected the way users view
their world, impacting their view of products and/or services
that they surround themselves with. This social contextual change
is what we encapsulate in the dimension we refer to as meaning.

In this paper, we set out to examine the role of meaning in
creative solutions. Our aim was to investigate whether creativity
could be considered the third dimension of creativity, and
whether it could explain something more about creative solutions
than novelty and usefulness alone. We conducted a pre-study and
two empirical studies to examine if this is indeed the case. The
first study was conducted with creators, and centered on how
designers assess their own creative solutions. The second study
was with evaluators, and centered on how independent judges
assess creative outcomes. The first study revealed that creators
tend to discern four components in their own designs; novelty,
usefulness, cleverness, and meaning. The second study revealed
that evaluators agree on three of these components: novelty, use-
fulness, and meaning. In both studies, the meaning was able to
explain some of the variances of creative solutions that novelty
and usefulness did not explain. Furthermore, although it was
highly correlated with novelty and usefulness, it was still a distinct
component, capable of adding value to novelty and usefulness as a
separate component. We may thus conclude that, based on the
results of our studies, the meaning is a component of creativity
together with novelty and usefulness.

The component of meaning can be captured by six measure-
ment items, that both creators and evaluators agree are part of
that specific dimension. These agreed-upon items allow us to con-
struct a definition of meaning as a component of creativity, refer-
ring to it to the extent that an idea can be understood (by creators
and evaluators) as personal, similar to them, and significant and
influential to the user’s context.

When interpreting these findings, it is important to consider the
following limitations. We investigated creativity and its components
within the field of design, where problems are considered to be
“open, complex, dynamic and networked” (Dorst, 2015, p. 1).
Possibly, the weight given to each of these components may vary
depending on the context of the problem, leaning towards useful-
ness if, as an example, the problem prompts for more practical
requirements. Nevertheless, although the weights may shift, our
findings suggest that the components of creative solutions remain
the same. Furthermore, as we have pointed out in Table 1, prior
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Fig. 5. Examples of ideas produced by creators for Design Brief 1 and rated by evaluators

measures of creativity were not always suitable for measuring crea-
tive solutions at different completeness levels (i.e., early-phase
sketches vs. finished products). As our meaning scale was reliable
at the early ideation stage, and the same scale was reliable for
both creators and evaluators, we do believe that it is possible to
assess meaning at the early concept stage. We further propose
that meaning becomes crucial for understanding overall composite
creativity in relation to design solutions for intended users and con-
sumers, especially during ideation. Conversely, when measuring
creativity of purely industrial or technical solutions, meant for orga-
nizations rather than for individual users, the meaning is arguably
not a critical component of creativity. We thus acknowledge the
need to examine meaning in other domains, such as in highly tech-
nical areas. Further, we acknowledge the need to examine meaning
in the final design stages, with potential consumers, and cross-
verifying the results with our findings.

We are now in a better position to understand how creators and
evaluators see contemporary creativity, yet there are still many pos-
sible avenues to explore. Future research could verify whether
meaning, as a creative component, maintains its relevance when
evaluating ideas created for different types of design problems or
other fields within the design (for instance, service design or engi-
neering). Additionally, considering our take on the demand-based
approach, a follow-up study should focus on the relationship
between what consumers desire with what the market provides,
and how meaning could bridge supply with demand.

Meaning as a component of creativity opens up new possibili-
ties for designers to use their knowledge and imagination to create
solutions that are meaningful for users. Positive psychology (e.g.,
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Kahneman, 1999; Seligman, 2004) and positive design (e.g.,
Desmet & Pohlmeyer, 2013; Hassenzahl et al., 2013) have been
attracting attention in the last decade and their growth is repre-
sentative of users’ search for meaning in today’s society.
Designers then have the opportunity (and responsibility) to
design for meaningful experiences, which can support users’ well-
being and happiness. Recognizing meaning as a component of
creativity, alongside novelty and usefulness, can trigger designers
to explore ideas that are innovative in meaning for users. Meaning
also provides a source of differentiation for organizations develop-
ing creative solutions, opening up new possibilities for creating
competitive advantage. As it embodies knowledge of the social
context, meaning creates the type of differentiation that may be
difficult for the competition to imitate.

Designers would benefit from social science education along-
side education pertaining to the traditional design skills. This
issue, already raised by Norman (2013), as well as Beyer and
Holtzblatt (1998), becomes even more pertinent in the context
of meaning. To design for meaning, designers would need
in-depth knowledge of the social context of the world in which
we live today, and stay on top of the changes that take place in
the social context over the years. We do not foresee that the
importance of meaning will change, but as the items for meaning
illustrate, there will be differences over time with regards to the
type of solutions users will consider to be influential, personal,
significant, important, meaningful, and similar to them.

The supplementary material for this article can
be found at https:/doi.org/10.1017/S0890060418000112
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