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Abstract

This paper presents a domain independent framework
for discussing human–computer co-creativity. It ex-
pands on Rhodes’ (1961) four perspectives on creativ-
ity and their later adaptations to socio-cultural views of
creativity and computational creativity. The new frame-
work allows the attribution of creativity not only to in-
dividual creators but to a collective of creators, recog-
nising the importance of meta-level communication to
the creative collaboration, and the variety of creative
contributions that emerge during a co-creative process.
It also elaborates on the different communities and con-
texts surrounding co-creative collaboration and thus fa-
cilitates the analysis, evaluation and study of human–
computer co-creativity by allowing researchers to de-
scribe and situate their work in the field.

Introduction
Human–computer co-creativity is a sub-field of computa-
tional creativity, which considers collaborative creativity be-
tween at least one human and at least one computational
agent. This collaborative activity has been defined as mu-
tually influential contributions (Davis, 2013), mixing of hu-
man and computational initiatives (Yannakakis, Liapis, and
Alexopoulos, 2014) and the sharing of creative responsibil-
ity (Kantosalo et al., 2014).

In recent years we have seen many relevant practical
contributions to human–computer co-creativity emerge in
various domains, including e.g. visual arts (Davis et al.,
2014), poetry (Kantosalo et al., 2014), game content gen-
eration (Yannakakis, Liapis, and Alexopoulos, 2014), and
music (Bown, 2018). However, apart from a few models
intended for describing human–computer co-creativity as a
process (see e.g. Davis et al., 2015; Kantosalo and Toivonen,
2016; Hoffmann, 2016), the fundamental, domain indepen-
dent factors characterising human–computer co-creativity
have received little attention.

Meanwhile, human creativity researchers (Rhodes, 1961;
Glăveanu, 2013) and computational creativity researchers
(Jordanous, 2016; Lamb, Brown, and Clarke, 2018; Corneli,
2016) have suggested that to gain a thorough view of creativ-
ity it should be viewed from multiple perspectives. Process
is just one of these perspectives, which usually include also
the creative individual, their creative products and the soci-

etal (Rhodes, 1961; Glăveanu, 2013; Jordanous, 2016) and
material (Glăveanu, 2013) context surrounding the creative
activity. An earlier attempt to use some of these perspectives
to analyse human–computer co-creativity was made by Kan-
tosalo (2019) in her thesis. However these traditional per-
spectives have been designed for individual creativity, and
despite loosely incorporating the ideas of social creativity
(Glăveanu, 2013), or the possibility of computational or hu-
man creative individuals and their interactions (Jordanous,
2016), they are insufficient for examining human–computer
co-creativity, which may deal with varying numbers of par-
ticipants, complex processes mixing human and computa-
tional initiative, and a myriad of contributions that take place
before arriving at a final product.

In this position paper we first examine Rhodes’ (1961)
original 4’Ps of creativity framework, Glăveanu’s (2013)
elaborations and Jordanous’ (2016) translation of it for the
field of computational creativity. We then present our new
framework for human–computer co-creativity, which de-
scribes human–computer co-creativity as the interactions
within a human–computer collective, the collective’s collab-
oration process and creative contributions to a community,
all situated within a rich context. We then move on to de-
scribing communications within the framework and finally
proceed to discuss how the framework could be used for de-
scribing current systems and the design and evaluation of
future co-creative systems.

Classical Perspectives on Creativity
As the interest in creativity as a psychological phenomenon
surged in the 1950’s (see e.g. Plucker, 2001), defining cre-
ativity itself became a topical task. Rhodes (1961) partici-
pated in this discussion suggesting that instead of a single
uniform definition for creativity different definitions of cre-
ativity together offered four interwoven perspectives on cre-
ativity: the person, the process, the product and the press.

Rhodes’ framework has remained relevant over time act-
ing as a way for researchers to position their own research
within the field of creativity (Glăveanu, 2013). The frame-
work has also been popular within computational creativ-
ity (see e.g. Corneli, 2016; Jordanous, 2016; Lamb, Brown,
and Clarke, 2018) and an early attempt to use it for describ-
ing human–computer co-creativity was made by Kantosalo
(2019). In this section we first examine Rhodes’ original

Proceedings of the 11th International
Conference on Computational Creativity (ICCC’20)
ISBN: 978-989-54160-2-8

17



framework, then visit Glăveanu’s (2013) extension of it and
finally describe how the framework has been used in com-
putational creativity research.

Rhodes’ Four Perspectives on Creativity
Rhodes’ (1961) four perspectives are based on 40 definitions
of creativity and 16 definitions of imagination. His anal-
ysis concluded that creativity is typically used to describe
only a part of a multifaceted phenomenon, which includes
aspects of the creative person, the creative process, the cre-
ative product and the person’s relations to their environment,
the press. Together the perspectives are known as the 4 P’s.

To Rhodes (1961) the person perspective considers prop-
erties of the creative individual and their relation with cre-
ativity. He focuses on identifying creative persons and con-
siders the effects of their physical and mental abilities on
creativity.

The process perspective in Rhodes’ (1961) original for-
mulation examines the mental processes of idea creation.
Rhodes focuses on identifying the stages of creative pro-
cesses, and what motivates the process. In addition he is
interested in how the creative process can be taught and how
does it differ from problem solving.

Rhodes (1961) uses the term press to describe the rela-
tionship between humans and their environment. According
to him the influence of this press can take multiple forms: It
can foster creativity during adolescence, or affect the mental
processes of an individual during a creative process. He is
interested in measuring both aspects of the environment as
well as how a person reacts to them.

Finally Rhodes (1961) defines the creative product as an
idea or concept produced in tangible form. He focuses on
analysing and categorising ideas and differentiates between
new concepts and innovations, which he considers as im-
provements to existing ideas. He considers products can also
be categorised according to use, media of expression, utility
or aesthetics.

These perspectives give a comprehensive overview of the
creativity of individuals. However, although Rhodes (1961)
admits that great inventions are not the work of a single
mind, he does not describe creative collaborations or elab-
orate how collaboration is reflected in the different perspec-
tives. The framework is therefore not ideal for describing
co-creativity.

Glăveanu’s Five Perspectives on Creativity
Glăveanu (2013) criticises Rhodes’ (1961) 4P’s framework
for a focus on the individual and a lack of connections be-
tween the perspectives. After a short review of other exten-
sions to the 4P’s, he thoroughly updates the framework to
better suit the modern focus of creativity research on social
and cultural aspects of creativity.

Glăveanu’s (2013) approach draws from embodied and
distributed cognition, where mental processes do not only
occur inside a person’s brain, but are situated and distributed
between the person and their environment. He is also in-
spired by ”distributed creativity”, an area of creativity re-
search focused on the social factors related to creativity. Re-

flecting these theories he redefines Rhodes’ (1961) perspec-
tives as actor, action, artifact, audience and affordances.

Glăveanu’s (2013) actor is a person, who exists in a wider
social community. The actor perspective expands the person
perspective to consider not only the individual traits of the
creative person, but in what kind of roles and how the actor
performs in their social context. The interactions between
the actor and their social context are bi-directional: the actor
can both affect and be affected by their context as they work
within it or in coordination with their peers.

Glăveanu’s (2013) action perspective attempts to capture
both the psychological processes of creativity, as well as
their external, behavioural manifestations. These actions are
also situated in a context. The action perspective consid-
ers the creative process in a broad sense, incorporating both
physical actions, such as painting a line, as well as the re-
lated perceptional processes.

Glăveanu’s (2013) artifact is again a wider interpretation
of the product perspective. Glăveanu considers products to
be often seen as separate from the creative person and the
process. His artifact is a rich object characterised by both
contextual interpretations and meanings as well as its mate-
rial properties, if it has any.

Glăveanu (2013) divides Rhodes’ (1961) press perspec-
tive into two complementing perspectives: the social aspects
of the press are represented by the audience, while the mate-
rial aspects of the press are represented by the affordances.
Glăveanu considers that during a creative act an actor is in
interaction with multiple audiences involved in the emer-
gence of the new artifacts. The affordances perspective then
again considers the material constraints and supports of cre-
ative action.

While Glăveanu’s (2013) framework gives more merit to
the social interactions a creative person has with their en-
vironment and their audience during their creative process,
his framework still does not consider collaborative creative
activities within a group of artistic peers, limiting the appli-
cability of the model to human–computer co-creativity.

Use of Perspectives in Computational Creativity
Literature
Rhodes’ (1961) original perspectives have also been used by
computational creativity researchers: Jordanous (2016) has
applied them to computational creativity and discussed their
use in the evaluation of novelty and value. Her application
of the framework has been used by Corneli (2016) to analyse
design principles for creativity and by Kantosalo (2019) in
an early attempt to describe different perspectives to human–
computer co-creativity.

Jordanous (2016) considers the producer to be a more ap-
propriate term for a creative computer. According to Jor-
danous, the producer has both physical and functional char-
acteristics: The functional characteristics are described by
the characteristics of the creative system, including for ex-
ample its abilities to demonstrate skill, imagination and ap-
preciation, while the physical characteristics are described
by the embodiment of the system in hardware. Alternatively
Jordanous proposes that the producer in computational cre-
ativity could also refer to the human collaborator in co-
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creative scenarios, or individuals involved in the develop-
ment of the system.

According to Jordanous (2016), the process could con-
sider specific algorithms employed by a system, or interac-
tions between multiple systems, humans or the environment.
For Jordanous the product in computational creativity is very
similar to the product in Rhodes’ (1961) original framework.
She considers that producing good products has so far been
one of the most successful areas of computational creativity
research. Her interpretation of the press perspective con-
siders mainly the area of social creativity research and bias
against computational creativity.

Jordanous’ (2016) re-formulation of Rhodes’ (1961)
framework already considers some aspects of co-creativity,
allowing the producer role to be taken up by multiple cre-
ators at a time, and considering the interpretation of the
creative process as interactions between different producers.
However her work does not consider these aspects in detail
and does not reflect upon what co-creativity means to the
product and press perspectives.

Lamb et al. (2018) have written a review of computational
creativity evaluation using Rhodes’ (1961) original four per-
spectives. They selected to use the original 4P’s and not Jor-
danous’ (2016) adapted perspectives in order to comply with
psychological literature. They do not therefore extend the
original framework. However they note that for evaluation,
the press perspective is an important construct for consider-
ing questions related to who is evaluating and the cultural
context of evaluation affecting e.g. whether a product is per-
ceived as P- or H-creative.

Kantosalo (2019) has used Jordanous’ (2016) version of
the framework to describe human–computer co-creativity.
While her approach offers an interesting discussion of co-
creativity in connection with traditional creativity research,
the four perspectives alone do not offer an independent de-
scription of co-creativity, which is one of the goals of our
new framework.

Five Perspectives for Human–Computer
Co-Creativity

By reflecting on Rhodes’ (1961) 4P’s, Jordanous’ (2016)
adaptation of them and Glăveanu’s (2013) 5A’s we have
derived the following descriptive definition for human–
computer co-creativity:

The creative human–computer collective consists of at
least one human and one computational collaborator.
The collaboration of the collective consists of individ-
ual and collaborative creative processes and interac-
tions that support them. The collaboration results in
an artefact or a product that represents the contribu-
tions of the collective. These contributions are commu-
nicated to and shared with a wider community of peers,
audiences, and other social influences. The co-creative
collaboration takes place in a context representing the
environment of the creative act, including e.g. cul-
tural artefacts and conventions, and more immediate
factors such as material affordances and shared mental
resources, such as the creative task.

Together the highlighted terms collective, collaboration,
contributions, community and context form a new frame-
work that is designed for discussing human–computer co-
creativity from different perspectives. We elaborate on dif-
ferent parts of the framework below.

Collective
A collective is formed by the entities actively involved in the
co-creative collaboration. In human–computer co-creativity
a collective always consists of at least one human and one
computational collaborator. Thus the collective perspec-
tive distinguishes co-creativity from individual creativity
through the number of active creative individuals.

The term ’collective’ was chosen to evoke parallels with
an ’artist collective’; a group of artists interested in work-
ing together on a specific topic. In Rhodes’ (1961) terms
the human collaborator could be called a ’person’, and in
Jordanous’ (2016) terms the computational collaborator a
’producer’, while Glăveanu’s (2013) neutral term ’actor’ fits
both. We prefer the word ’collaborator’ for the individuals
in the collective, as it has been used previously in human–
computer co-creativity literature (see e.g. Guckelsberger et
al., 2016; McCormack and d’Inverno, 2016).

The collective forms a single unit within human–
computer co-creativity that allows for separating the actively
participating artists from the surrounding community and
context. The collaborators within the collective have a di-
rect say in the internal working methods, goals and artistic
processes of the collective, while the influence of the sur-
rounding community and context on the collective’s work is
less direct and often filtered through the individual collabo-
rators.

The interactions within the collective can be different
from interactions with entities outside of the collective: In-
teractions within the collective are guided by the dynamics
between the collaborators. These dynamics can consist of
shared goals and history, or the preconceptions, assumptions
and other mental models the collaborators have constructed
about each other. Interactions with individuals outside the
collective can be twofold: they can happen one-on-one be-
tween any individuals within and outside of the collective or
the collective may also choose to interact as one entity with
the rest of the community and the context. When interacting
as a single unit, the collective may for example choose to
present one single framing for its creative outputs.

The creativity of the human collaborator has been a strong
focus of traditional creativity literature. Studies suggest that
the individual creativity of the human collaborator is af-
fected at least by task motivation, domain knowledge, and
creative thinking skills (Amabile, 1988), while creative col-
laboration between humans is affected e.g. by how well the
creative partners complement each other, interpersonal facil-
ity, gender and age (Abra, 1994). The relationship between
individual creativity and collaboration is dynamic and col-
laboration can also change the individual (Amabile, 1988).

In human–computer co-creativity the human collaborator
is often approached as a member of a user group (e.g. Davis
et al., 2014; Kantosalo et al., 2014; Kantosalo,2019, p.13).
Few studies have been conducted to examine how individual
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properties of the human collaborators affect co-creativity,
but initial studies suggest that their user experiences are af-
fected at least by their expertise (Clark et al., 2018).

As Jordanous’ (2016) analysis shows, the producer per-
spective in computational creativity has also examined the
methods and capabilities of computationally creative sys-
tems. Most of her examples focus on systems that are
somewhat autonomously creative. Intentionality and lim-
ited self-awareness have also been suggested as qualities
for computational collaborators (Davis et al., 2015), how-
ever co-creative systems may also be less autonomous than
the original computational creativity methods they are based
on (Kantosalo et al., 2014). Therefore autonomous systems
may not offer a perfect comparison for current computa-
tional collaborators.

Reflecting the human collaborator, the computational col-
laborator may also have other properties, besides its creative
capacity, which affect the work of the collective. These in-
clude, for example, what the computational collaborator is
capable of communicating and how, as well as its represen-
tation, which can be either embodied or a software interface
(Kantosalo, 2019, p.15).

Like Glăveanu (2013) suggests for his actor perspective,
the collective perspective can also be used for analysing the
roles of the human and the computational collaborator. So
far several roles have been suggested for the computational
collaborator in the collective. These include e.g. functional
roles such as support, enhance and generator (Maher, 2012),
behavioural roles, such as pleasing and provoking agents
(Kantosalo and Toivonen, 2016) and older roles stemming
from creativity support system literature (see e.g. Lubart,
2005; Nakakoji, 2006).

Collaboration
Collaboration within the collective considers the individual
creative processes of the collaborators and how these are fit-
ted together to form a collective creative process. It also
includes meta-level interactions, such as agreeing on com-
mon goals, exchanging information and discussing working
methods, which are typical also for non-creative human–
computer collaboration (see e.g. Terveen, 1995). This new
collaboration perspective is broader than the original process
perspective. It implements both Glăveanu’s (2013) ideas
on mental and physical behaviours, as well as Jordanous’
(2016) suggestion of adding interactions.

In human-human co-creativity, the organisation of cre-
ative work can take many forms. Abra (1994) has suggested
four dichotomies for co-creativity between humans: fixed vs.
on-going, intimate vs. remote, horizontal vs. hierarchical,
and homogeneous vs. heterogeneous. Following Kantos-
alo (2019, p.16), we adopt these also for describing collab-
oration in human–computer co-creativity, however, we also
add a fifth dichotomy, human-initiative vs. computational-
initiative to further describe the collaboration dynamics be-
tween a human and a computational collaborator.

Abra’s (1994) first dichotomy, fixed vs. on-going consid-
ers time: A collaborative process can have a fixed deadline
or extend over a longer time. Human–computer co-creativity
research has mostly focused on short term laboratory ex-

periments, with the exception of a few long-term musical
metacreativity collaborations (Kantosalo, 2019, p.16).

Abra’s (1994) second dichotomy, intimate vs. remote con-
siders co-located and remote collaboration. Collaboration
with a non-embodied agent may resemble remote collabora-
tion due to limited communication (Kantosalo, 2019, p.17).

Abra’s (1994) third dichotomy, horizontal vs. hierarchi-
cal examines the organisation of the creative process. In
horizontal collaboration the collaborators have equal deci-
sion making power, while in hierarchical collaboration dom-
inance and power considerations are introduced into the col-
laboration. Many current co-creative systems introduce a
hierarchical process, in which the human collaborators in-
put is given priority over the computational collaborator’s
input (Kantosalo, 2019, p.17). A hierarchical relationship
may even be the preference of the human collaborators (see
e.g. d’Inverno and McCormack (2015)).

Abra’s (1994) final dichotomy, homogeneous vs. hetero-
geneous considers the distribution of different tasks among
the collaborators. In homogeneous collaboration both col-
laborators work on similar tasks, while in heterogeneous
collaboration the tasks are different. This idea is also ex-
plored in human–computer co-creativity literature (see e.g.
Yannakakis, Liapis, and Alexopoulos, 2014; Kantosalo and
Toivonen, 2016).

We add to these a fifth dichotomy, specific to human–
computer co-creativity, which expands on Abra’s (1994)
horizontal vs. hierarchical dichotomy: the human-initiative
vs. computational-initiative dichotomy. This dichotomy
characterises the dynamics of the human–computer co-
creative collaboration through initiative. Initiative has been
discussed extensively in human–computer co-creativity lit-
erature: Yannakakis, Liapis, and Alexopoulos (2014) de-
fine human–computer co-creativity through the mixed hu-
man and computational initiatives. Clark et al. (2018) ar-
gue that co-creative interaction can be described either as
pulling (human initiated), pushing (computer initiated) or
both. Karimi et al. (2018) consider that this spectrum from
human-initiative to computer-initiative dominion affects a
multitude of factors from frequency of communication to
what is communicated.

In addition to the dichotomies described above, human–
computer co-creative collaboration can also be described as
a series of actions through which it proceeds. In such a se-
ries, the individual creative processes of the collaborators
are often fitted together by following a specific form of in-
teraction. Typical strategies include for example turn taking,
in which the human and the computational collaborator take
explicit turns in assuming an active role (see e.g. Winston
and Magerko, 2017).

In essence the collaboration aspect adds to individual cre-
ativity the need to discuss common goals and context, and
the organisation of work. The different dichotomies offer
different options for arranging the collaboration, which in
turn may or may not affect the individual processes of the
collaborators. Nevertheless in a successful creative collabo-
ration the collective benefits from the profound communica-
tion and sharing of contributions within the collective.
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Contributions
A creative process usually results in a creative product.
However, in the field of human–computer co-creativity the
human and the computational collaborator typically ex-
change artefacts or parts of them already during the co-
creative collaboration (see e.g. Davis et al., 2014; Kantosalo
et al., 2014; Clark et al., 2018)). We think that these bits and
pieces are vitally important in co-creativity as they form a
part of the interaction and facilitate the collaboration in the
collective. We call these complete and incomplete creative
artifacts contributions. Like Rhodes’ (1961) products and
Glăveanu’s (2013) artifacts, contributions can also be imma-
terial. We call physical contributions tangible contributions
and immaterial contributions intangible contributions. In-
tangible contributions cover all meaningful inputs into the
creative collaboration, such as the evaluations and feedback
provided by the collaborators during the collaboration. If a
distinction between contributions during the co-creative pro-
cess and the end product is needed, we suggest the term ’fi-
nal contribution’ to describe the latter.

As Jordanous (2016) describes, computational creativity
has been quite successful in delivering quality products in
different fields. The contributions of co-creative collabo-
rators also take multiple forms across various domains. In
practise the contributions of the collaborators can be differ-
ent in both quality and quantity (see e.g. Yannakakis, Li-
apis, and Alexopoulos, 2014), which is also true for human-
human co-creativity (Abra, 1994).

Qualitatively different contributions in human–computer
co-creativity could include for example the following:
• An inspiring artefact from the same or a different domain
• A suggestion for an artefact or part of it
• An evaluation of an artefact or part of it

In principle the contributions perspective could also be
applied to non-creative collaboration. However, in co-
creativity, we are usually interested in contributions that are
themselves evaluated high by traditional computational cre-
ativity product evaluation measures, such as novelty, qual-
ity, typicality (Ritchie, 2007), or surprise (Grace and Maher,
2014). However, to gain best results for the overall collab-
oration, collaborators should not necessarily use universal
standards for these metrics, but adjust their evaluations ac-
cording to their collaborators instead (Grace et al., 2017).

While the evaluation of different contributions or final
artefacts generated by the collective can utilise similar mea-
sures as the evaluation of the creative product in computa-
tional creativity, assessing or quantifying the contributions
of different collaborators has proved more difficult. This is
in part because the contributions of different collaborators
may not manifest in a visible way in an end product (Kan-
tosalo, Toivanen, and Toivonen, 2015).

Community
According to Jordanous’ (2016) the press perspective in
computational creativity is focused on the social aspects, in-
cluding bias against computational creativity, however there
are additional contextual factors that affect the design of

co-creative systems (Kantosalo, 2019, p.19). Following
Glăveanu’s (2013) ideas we have divided Rhodes’ (1961)
press perspective into the social and material environment.
In our framework the social environment is represented by
the community perspective. This community may include
additional artistic peers, audiences, critics, curators, collec-
tors and other individuals and institutions outside the collec-
tive, who may also present biases towards the collective.

In Glăveanu’s (2013) framework the audience may be in-
terpreted to represent some aspects of co-creativity through
its potential contributions to the creative work. We think it
is more useful for co-creativity to separate the collaborative
collective from individuals, who are interested in the contri-
butions of the collective and may interact with the collective,
while still remaining outside of it. There is also evidence to
support that humans view the same co-creative systems dif-
ferently when they are acting as an audience and when they
are actively collaborating with the system (Bown, 2015b),
suggesting this distinction is important in practise as well.

Context
Following Glăveanu’s (2013) ideas the context in our frame-
work represents the material surroundings of the work, while
the social influencers of the environment are represented by
the community. Following Csikszentmihalyi’s (1988) influ-
ential idea about situating creative work in a creative do-
main, we have integrated also cultural aspects of the envi-
ronment into the context. Our context thus includes the ma-
terials with which the collective interacts during co-creation,
the previous influential works the collective may draw in-
spiration from, and the cultural norms and rules which may
affect the collective and its work.

Our perspective encompasses Glăveanu’s (2013) view of
the material environment influencing or even participating
in the creative work, an idea also shared by some computa-
tional creativity scholars, such as Bown (2015a). But it also
incorporates two core concepts of computational creativity;
the inspiring set and external knowledge bases (see e.g. Ven-
tura, 2017; Ritchie, 2007). This implicates our context as
a rich surrounding for the co-creative collective, which thus
interacts and affects the work of the collective in many ways.
As such, the context becomes an important perspective for
designing co-creative experiences, similar to the design con-
text in interaction design (Kantosalo, 2019, p.19).

Communication in the Framework
Together the collective, collaboration, contributions, com-
munity and context perspectives paint an interconnected pic-
ture of human–computer co-creativity. There are many con-
nections between the different perspectives of the frame-
work, which can be partly described through the complex
communications that can occur before, during or after co-
creation. While communication can be seen as a major part
of collaboration, two other parts of the framework, contribu-
tions and context, have a special role in facilitating it. As
depicted in Figure 1, contributions facilitate communication
as a medium, and the context acts as a background for it.

Contributions have an important role as a communication
medium within the framework. Different contributions can
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Figure 1: This figure highlights the role of contributions as a
communication medium (white arrows). It also shows how
context acts as a background for communication. Finally the
grey arrows indicate meta-level communication considering
multiple perspectives.

be used to establish common ground within the collective.
The tangible contributions act as collective aids for embod-
ied and distributed cognition, reflecting the theories that in-
spired Glăveanu (2013) to separate the material and social
context from each other. The intangible contributions, such
as evaluations also mediate and direct the communication
within the collective during the collaboration and link dif-
ferent contributions to each other. Thus, following Ritchie’s
(2007) views on computational creativity evaluation, the dif-
ferent chains of contributions could also be used as ’evi-
dence’ of the creative behaviour of the collective.

The context provides a background for communication in
the framework. It can constrain or support communication
within or in between the different perspectives. The context
can be interpreted in two ways; as the idealised objective
context describing the real world accurately, and to the indi-
vidual subjective context that are incomplete interpretations
of the ideal context. The ideal context includes all societal
norms and material affordances which constrain and support
the work of the collective. It can also act as a bank of inspi-
ration, including well respected masterworks from different
fields. As such it has similar properties to Csikszentmiha-
lyi’s (1988) domain, which can also connect artists to each
other via contributions.

In order to be able to work effectively in a context, the
individuals in the collective (and community), need to ne-
gotiate and share their subjective interpretations of the con-
texts with each other. This may include for example ne-
gotiating different time constraints or the use of materials.
Through this negotiation the collective may form a more ac-
curate view of the objective context. This may allow the
individuals in the collective to gain access to materials they
would not have been able to use alone.

Negotiating a shared understanding of the context is a
meta-level task, and like other meta-level communications,
it is best viewed through multiple perspectives at a time. In
addition to viewing how the collective communicates about
collaboration, the meta-level perspective can be used for ex-
ample to view how members of the collective may gradu-
ally change as a result of the collaboration (Abra, 1994; Ter-

veen, 1995), or how the collective could be influenced by the
community and its aesthetic through commission of works.
Viewing these communications on the meta-level through
various perspectives can also be utilised to give the collec-
tive meta-creative capabilities for reflecting and controlling
its own work (see Linkola et al., 2017).

Discussion
There are several ways in which the framework could be
used in practise. These include the description and compari-
son of human–computer co-creative systems, analysing and
planning evaluations, as well as planning new research.

The framework allows for describing and comparing sys-
tems on different levels of detail, identifying different as-
pects important for co-creativity: The collective perspective
allows us to recognise and differentiate different co-creative
systems by the number and properties of participants. For
example the collective of the Drawing Apprentice system
(Davis et al., 2015) includes one human and one computa-
tional collaborator, while the collective of the Curious Whis-
pers system (Saunders et al., 2010) consists of three compu-
tational collaborators and one human. This perspective can
also be used to examine different aspects of the collabora-
tors: the computational collaborators in Curious Whispers
are embodied, while the Drawing Apprentice is a software
based collaborator. It can also be used to analyse the rela-
tionships between collaborators in different settings.

Through the collaboration perspective we can investigate
questions related to the organisation of work within the col-
lective. For example Clark et al. (2018) compare two differ-
ent ways to arrange work with linguistically creative com-
putational collaborators, one in which human collaborators
are limited to work on one sentence at a time, only receiv-
ing input from the computational colleague after returning
their contribution, and another with which human collabo-
rators can request further contributions from the computa-
tional collaborator at will.

Through the contributions we can attempt to estimate
what happened during the collaboration or discuss the au-
thorship of the final contributions (see e.g. Kantosalo, Toiva-
nen, and Toivonen, 2015). The context and community per-
spectives also allow us to identify different domains of work.

Karimi et al. (2018) argue that who evaluates and what to
evaluate are important questions for co-creativity evaluation.
This view is echoed by Lamb, Brown, and Clarke (2018)
for computational creativity. Jordanous (2016) argues that
computational creativity evaluation should consider multi-
ple perspectives. Following her approach, we recommend
using the different perspectives for discussing what to eval-
uate. But we also consider they can be used to discuss who
conducts the evaluation.

For what to evaluate Karimi et al. (2018) suggest four tar-
gets; the outcomes of the collaboration, the creative process,
the creativity of the user, or the interactions between the
user and the system. These correspond to the contributions,
collaboration, and collective perspectives in the framework,
which considers the interactions as part of both the collective
and contribution perspectives. However, as Lamb, Brown,
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and Clarke (2018) suggest the community perspective al-
lows also for assessing the bias in evaluation. The con-
text perspective then again allows for assessing the effects
of material surroundings to co-creativity, following Bown’s
(2015a) ideas about the role of materials.

For discussing who evaluates creativity in co-creativity,
Karimi et al. suggest three potential evaluators: ”the AI, the
user and a third party” (Karimi et al., 2018, p. 105). These
correspond to the computational and the human collaborator
and the community perspective in our framework. Similarly
Agres, Forth, and Wiggins (2016) have considered internal
and external evaluation of musical metacreation, reflecting a
distinction between evaluations done within the collective to
improve its work and evaluations received from the commu-
nity. The added benefit of our framework is that it makes it
possible to discuss the relationship different potential evalu-
ators have to each other and the evaluated perspective.

The framework could also help researchers to design their
systems and allow them to define how different parts of their
system interact with each other. This can be used to select in-
teresting research questions. For example, researchers might
deliberately examine different ways of organising collabo-
ration keeping the collective, contributions, community and
context perspectives equal.

Finally, by combining different perspectives we may be-
gin to analyse the complex societal role of co-creativity.
This includes how the contributions of the collective may
break or change societal norms (Shneiderman, 2000), or
how a collective may use its contributions to harm a com-
munity, e.g. by creating fake news (see Bown and Brown
(2018)).

Conclusions
We have presented a new framework for viewing human–
computer co-creativity from five perspectives named the col-
lective, the collaboration, the contribution, the community
and the context. The suggested perspectives have been in-
spired by Rhodes’ (1961), Glăveanu (2013) and Jordanous
(2016). To incorporate different aspects of co-creativity the
new perspectives are more extensive than the perspectives
suggested in prior frameworks.

The first three perspectives, collective, collaboration and
contribution can be used to distinguish co-creativity from
individual creativity by the number of participants, through
the identification of integrated creative processes and meta-
processes related to organising creative work in a group, and
by acknowledging contributions to the creative artefact that
can include partial artefacts or useful evaluations and feed-
back. The collective and context perspectives offer a way
to situate co-creativity in a wider socio-cultural and physi-
cal setting, while offering a way to analyse the effect that
individuals and materials outside the collective may have on
co-creativity.
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