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Abstract 

Creativity can hardly be understood in isolation from a 
context where values such as novelty and usefulness are 
ascribed. This paper presents a multi-level perspective 
for the study of creativity and formulates a framework 
for computational creativity that consists of 1) Culture; 
2) Society; 3) Groups; 4) Products; 5) Personality; 6) 
Cognition, 7) Neural processes; and 8) CC processes. 
This model enables the definition of functional relation-
ships among these levels. As an initial step to illustrate 
its usefulness, an analysis is made of the ICCC’12 pro-
ceedings in view of this model. 

Introduction 
The assessment of creativity is increasingly being recog-
nized as an important direction in the research program of 
computational creativity (Jordanus 2011; Indurkhya 2012; 
Maher 2010, 2012). One of the main arguments is that cre-
ativity is in fact defined via the evaluation or ascription of 
values such as novelty and utility by third-parties beyond 
the creator(s). In other words, a creative product, person or 
process can hardly be understood in isolation from a con-
text where such values are ascribed. Rather than a binary 
property, we consider that the composite value of creative-
ness is easier to define as a relative value ascribed by 
weak-to-strong levels of agreement or consensus to a range 
of products, persons or processes ranging from non-
creative or routine to transformative or disruptive creativity 
(Gero 1990; Kaufman and Beghetto 2009). Because crea-
tivity is defined through the ascription of values (novelty, 
utility, expectation) in a system where creators and evalua-
tors interact, this paper regards creativity as an eminently 
psycho-socio-cultural phenomenon; its aim is to frame 
computational creativity from such perspective.  
 Computational creativity (CC) has inherited an emphasis 
on individual processes, performance and products from 
the mainstream Artificial Intelligence worldview. In that 
paradigm, the agent architecture consists of autonomous 
individuals interacting with an external environment (Rus-
sell and Norvig 2005). CC has assumed that understanding 
individual behavior is a sufficient way of modeling creativ-
ity. A social-psychology approach to creativity began to 
illustrate the interaction between individual and external 

factors (Hennessey 2003). More recently, cultural-
psychology creativity seeks to extend that work by shifting 
the architecture from a view of individual behavior “condi-
tioned” by social factors and towards a more integrated 
view where interdependent relationships co-constitute a 
complex creative system (Glăveanu 2010) 
 This paper presents a multi-level perspective for the 
study of creativity and formulates a framework for compu-
tational creativity (CC). The aims of this work include: to 
enable new ways of thinking about CC from different dis-
ciplines, to support communication between research tradi-
tions, and to start mapping the units of analysis, variables 
and interactions between levels. The paper is organized as 
follows: Section 2 introduces key concepts and draws from 
the theoretical bases of this approach; Section 3 presents 
our framework and explains structural and functional as-
pects of our model. Section 4 evaluates this model using 
the 34 papers presented at the previous International Con-
ference of Computational Creativity (ICCC’12). Section 5 
closes the paper presenting modeling strategies and guide-
lines as well as discussing potential approaches to CC.  

Background 
Integrating scientific disciplines goes back to Comte’s hi-
erarchy of sciences according to the scale and complexity 
of theoretical tools (Mayer and Lang 2011). The role of 
cultural mediation in the development of cognitive func-
tions has its origins in the tradition of cultural psychology 
since Vygotsky (Moran and John-Steiner 2003). Ecological 
models of creative problem solving integrate cognitive, 
personality, and situational factors (Isaksen et al 1993). 
Views of creativity as a social construct have been formu-
lated elsewhere (Sawyer 2010; Westmeyer 2009). 
 Multilevel models that capture the interactions between 
psychological, social and cultural factors enable two com-
plementary research directions. On the one hand, holistic 
explanations are possible by going up in the hierarchy 
drawing upon higher levels that moderate lower effects. On 
the other hand, reductionistic explanations go down in the 
hierarchy to inspect lower-level factors that account for 
high-level phenomena (Koestler and Smythies 1969). For 
example, accounting for cultural constructs can be essential 
to understand individual attitudes to altruism (Sheldon et 
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al). Likewise, the characterization of individual cognitive 
styles helps explain and manage group conflict (Kim et al 
2012). Despite the disciplinary divides between psycholo-
gy, anthropology and sociology, a phenomenon such as 
creativity may require a cross-disciplinary perspective that 
includes the interplay between levels of causality (Stern-
berg and Grigorenko 2001). Computational creativity has 
the potential to embark on cross-disciplinary modeling.  
 Contemporary personality research is a relevant example 
as it provides empirical support for the irreducibility postu-
late: i.e., “no scientific discipline is likely to subsume the 
others, all are needed” (Sheldon 2004). In the field of per-
sonality and well-being, multilevel approaches show the 
complex interactions and effects among factors located 
within and between levels of organization -from cultural to 
social, personality, cognition and neural processes (West et 
al 2010). Such integrated and interdisciplinary models ac-
count for moderator relationships between levels of organ-
ization.  
 The Multilevel Personality in Context (MPIC) (Sheldon 
et al 2011) and the Cognitive-Affect Personality System 
(CAPS) (Mischel and Shoda 1995) are two examples of 
how multiple levels of analysis can be integrated for a 
more reliable and complete understanding of complex hu-
man behavior –such as creativity. The MPIC model speci-
fies the following levels: Culture, Social relations, and four 
levels of Personality: Self-Narratives, Goals/Motives, 
Traits/Dispositions, and Needs/Universals (Sheldon et al 
2011). Reviewers of the MPIC model further suggest the 
addition of Situations to account for contextual factors 
beyond the bio-psychosocial (Mayer and Lang 2011).  
 In computational creativity, Indurkhya (2012) identifies 
the interplay between system levels by framing the follow-
ing dilemma: when non-conscious or unintentional pro-
cesses generate artifacts deemed as creative by an audience 
(i.e., works of art by a schizophrenic but also the ubiqui-
tous cases of unexpected successful products), “where is 
the creativity?”. A similar point can be made when consid-
ering the attribution of creativity to designs by Nature 
(McGrew 2012). Understanding the interplay between 
generative and evaluative processes of creativity has the 
potential to transcend such apparent paradox where at a 
given level it may seem like “there is nothing distinctive 
[…] that we can label as creative” (Indurkhya  2012). 
 Maher (2012) frames the need for evaluation criteria that 
are independent of the generative process. Jordanus (2011) 
suggests a standardized approach to evaluation where key 
components are identified, clear metrics are defined and 
tests are implemented. The work presented in this paper is 
aligned to these aims and puts forward a structural and 
functional framework for an integrated cross-disciplinary 
study of computational creativity. 

Multi-level Computational Creativity 
The Multi-level Computational Creativity (MLCC) model 
builds upon the Ideas-Agent-Society (IAS) framework 
which maps three dimensions of creative systems: episte-
mological, individual and social dynamics (Sosa et al 

2009). That structural framework synthesizes constructs 
from five influential theories related to creativity and inno-
vation, i.e.: exemplars, proponents, and communities 
(Kuhn); innovations, entrepreneurs and markets (Schum-
peter); noosphere, strong spirit and culture (Morin); do-
main, individual and field (Csikszentmihalyi); and logic, 
genius and zeitgeist (Simonton).  
 MLCC specifies eight separate levels of analysis: 1) 
Culture; 2) Society; 3) Groups; 4) Products; 5) Personality; 
6) Cognition, 7) Neural processes; 8) CC processes. In 
addition, MLCC goes beyond the mapping of systemic 
dimensions and enables the definition of functional rela-
tionships among these levels. These relationships can be 
defined as independent or interdependent, i.e., the former 
represent processes that occur only within a single level in 
isolation, whilst the latter represent processes that are con-
nected between levels. Namely, a range of cognitive func-
tions can be studied in a CC system, some of which can be 
assumed to emerge from explicit lower-level neural pro-
cesses, others that are defined only within the cognitive 
level, and a third type that lead to higher-level personality 
or group processes. 
 

Table 1. The eight levels of our multi-level model of computa-
tional creativity (MLCC) and exemplary creativity models 

 
 MLCC level 1, Culture, refers to processes that either 
aim to model or draw from knowledge bases and corpora, 
cultural evolution, cultural dimensions, organizational cul-
ture,  language and semiotics, economic impacts, taste and 
traditions, public policy, mass media, intellectual property, 
creative environments, planned obsolescence, aggregate 
search trends, market trends and anomalies. 

MLCC level Sample models 
1: Culture Cultural dimensions in creativity (Lubart 

2010); Peer-reviewed epositories (Duflou and 
Verhaegen 2011); IP law (Lessig 2008); Built 
environment (McCoy and Evans 2002).  

2: Society Gatekeeping (Sosa and Gero 2005a); Creative 
class (Florida); Migration (Hansen and 
Niedomysl 2009); Social capital (Fischer et al 
2004). 

3: Groups Group conformity (Kaplan et al 2009); Team 
diversity (Bassett!Jones 2005); Group 
brainstorming (Sosa and Gero 2012). 

4: Products Rogers (1995) five factors (relative advantage, 
compatibility, complexity, trialability, 
observability).  

5: Personality  Extraversion and dominance (Anderson and 
Kilduff 2009); Openness (Dollinger 2004). 

6: Cognition Creative cognition (Finke et al 1996);  
Bilingüalism (Adesope et al 2010).  

7: Neural 
processes 

Neuroanatomy (Jung et al 2010); NN models 
(Iyer et al 2009). 

8: CC processes  Machine creativity (Cohen 1999; Maher et al 
2012); Computational models of innovation 
(Young 2009; Sosa and Gero 2005b); tools and 
support systems (Liu et al 2004).  
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 MLCC level 2, Society, captures processes that account 
for the influence of –or seek to grow effects on– de-
mographics, networks, migration, social influence and au-
thority, roles and occupations, class structure, social capi-
tal, crowdsourcing, market segmentation, reputation and 
popularity, ethnic diversity, gender and aging, diffusion of 
innovations, crowd behavior.  
 MLCC level 3, Groups, refers to team dynamics, com-
munities of practice, family and peer support, co-creation, 
artist collectives, art commission, brainstorming, change 
management and leadership, deliberation, collabora-
tion/competition strategies, workplace, groupthink, game 
theory, adopter categories.  
 MLCC level 4, Product, captures intrinsic properties of 
creative artifacts largely determined by domain characteris-
tics, techniques and processes, but also by technological or 
functional features, life-cycle, etc.  
 MLCC level 5, Personality, personality types, motiva-
tion, curiosity, extroversion, mental health, addictions, 
emotions, risk aversion, well-being, lifestyle, charisma, 
habit, expertise. 
 MLCC level 6, Cognition includes all processes related 
to creative cognition (intuition, insight, incubation, prob-
lem framing and solving, memory, concept formation, rep-
resentation, fixation, association, analogy, divergent think-
ing, abductive reasoning, visual and spatial reasoning), 
perception, cognitive and attribution biases, heuristics. 
 MLCC level 7, Neural processes related to creativity 
including neuroanatomy (brain asymmetry), neuromodula-
tion (risk, arousal, novelty), brain stimulation, neural net-
work models of creative reasoning. 
 The final MLCC level refers to CC methods and tech-
niques aimed at solving problems or generating creative 
solutions with no direct claims to model or being inspired 
by the other levels.  
 The MLCC model accounts for multiple levels of study-
ing creativity, none of these levels is strictly new –Table 1 
in fact includes references to multiple existing research 
programs that address creativity from each of the discipli-
nary traditions that specialize in such scales and units of 
analysis. The MLCC model brings them together and ena-
bles CC researchers to explore top-down and bottom-up 
connections between these levels. 
 Directionality of cross-level interactions in the MLCC 
model opens up a double opportunity in CC: on the one 
hand, it allows the study of generative processes between 
levels, i.e., how individuals create in isolation or in teams, 
how societal and cultural norms provide the bases for 
change cycles, what neural and cognitive processes help 
explain creative behavior, etc. On the other hand, it sup-
ports the less-explored study of evaluative processes be-
tween levels, i.e., how individuals, teams and society at-
tributes creativeness to an artifact or a process, how cul-
tures or subcultures accommodate for new additions or 
transformations, what neural or cognitive processes help 
explain the assessment of novel stimuli, etc.  
 Figure 1 provides a graphical depiction of an MLCC–
inspired system showing a conventional organization of 

levels, i.e.: culture provides a general epistemological 
background where creators (individuals and teams) gener-
ate new artifacts targeted to specific audiences, a process 
mediated by distributors or promoters of artifacts –which 
are distinguished from the creators (for example, produc-
ers, market and art agents as separate stakeholders from 
designers and artists).  
 

Figure 1. A system architecture to study individual creators and 
social evaluators interacting in a shared culture 

 
However, the MLCC model supports a wide range of alter-
native modeling approaches, for example to study the 
‘maker’ culture (Anderson 2012) or to focus on the cogni-
tive processes of target audiences –for example how people 
are primed to rate and comment on the novelty and origi-
nality of artifacts in online forums (Sosa and Dong 2013). 
This flexibility of the MLCC model accommodates various 
research traditions, including minimal models where inter-
actions between macro cultural and micro neural processes 
are explored –for example in cellular automata architec-
tures (Sosa and Gero 2004). 
 CC presents clear advantages as a tool to advance theory 
building and for the systematic examination of assump-
tions and extraction of principles in multilevel systems 
(Fontaine 2006). Nonetheless, associated risks include: loss 
of clarity in the definition of interactions and causal rela-
tionships between levels; misalignment between discipli-
nary divides (research methods, units of analysis, linguistic 
traditions); and limited cross-level understanding between 
specialists.  
 Is the MLCC a creative artifact? It’s not an entirely nov-
el model –clear precedents were discussed going back as 
far as the XVII century. However, it does carry some nov-
elty to the CC community. Its usefulness will be defined by 
its suitability as a modeling framework as determined first-
ly by the reviewers of the ICCC’13 and ultimately by the 
entire ICCC community. As an initial step to evaluate its 
relevance, the following section presents an analysis of the 
ICCC’12 proceedings using the MLCC model. The aim is 
to demonstrate its role in the analysis and discovery of 
trends in the current CC approaches, and identify gaps and 
connections between recent models of creativity.   

Mapping ICCC’12 contributions 
The 34 full papers published in the ICCC’12 proceedings 
were selected for this exercise (Maher et al 2012). They 
were classified in one or more of the MLCC levels accord-
ing to their research aims and claims as stated by the au-
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thor(s), as well as the target research agendas mentioned as 
part of future work. In addition to the eight MLCC levels, a 
ninth category was added during the review of these pa-
pers, which we named “Tools” and refers to work aimed at 
developing computational tools to support or enable human 
creativity (Gatti et al 2012, Hoover et al 2012). 
 Table 2 presents the 34 papers (rows) and their relation 
to the MLCC levels (columns). Entries related to genera-
tive processes in existing CC systems are marked by �, 
while entries related to evaluative processes in existing CC 
systems are marked by �. Examples of generative process-
es include a memetic algorithm “capable of open-ended 
and spontaneous creation of analogous cases from the 
ground up” (Baydin et al 2012); an evolutionary art system 
that generates artwork that “has been accepted and exhibit-
ed at six major galleries and museums” (Gabora and 
DiPaola 2012); and a system “able to generate pleasing 
melodies that fit well with the text of the lyrics, often doing 
so at a level similar to that of human ability” (Monteith et 
al 2012).  
 A paper may have multiple entries in different MLCC 
levels, for instance Morris et al (2012) present a “recipe 
engine” that draws from a corpus of online recipes pub-
lished online (MLCC level 1), applies CC processes to 
generate new recipes (MLCC level 8), and these are subse-
quently analyzed by their typicality to a “recipe genre” 
(MLCC level 4). 
 Examples of evaluative processes include plans to in-
clude “feedback from journalists, critics, peers and audi-
ences” (Burnett et al 2012); models of the cultural tastes 
and preferences of audiences (Indurkhya 2012); and plans 
to study “the cognitive processes of the viewers as they 
look at […] pictures” (Ogawa et al 2012). 
 A distinction is made when an entry refers to a future 
research approach that the authors identify as a valuable 
way forward –rather than an existing CC system. In such 
cases a plus sign qualifies the entry, respectively �+ and 
�+. Table 2 refers to the first author only due to space limi-
tations. Some papers are rather comprehensive, such as 
Indurkhya (2012) and Maher (2012) which span across five 
MLCC levels each, but the overall average is 2.18 indicat-
ing a reasonable distinction among types of CC models. 
 Although these results systematic validation, they sug-
gest a focus on generative processes in ICCC’12 (60 en-
tries, including 43 existing and 17 target processes). Evalu-
ation processes constitute a minority (14 total entries, half 
of them referring to target processes). These results are 
consistent with the preceding finding that “only a third of 
systems presented as creative were actually evaluated on 
how creative they are” (Jordanous 2011).  
 MLCC level 8 is the most prevalent: 40% of all papers 
discuss existing CC processes, and an additional 11% dis-
cuss target CC processes. Level 8 refers to methods and 
techniques aimed at solving problems or generating crea-
tive solutions with no direct claims to model or being in-
spired by the other MLCC levels. Examples include asso-
ciation-based computational creative systems (Grace et al 
2012); small-scale “creative text generators” (Montfort and 

Fedorova 2012); and a music generator “inspired by non-
musical audio signals” (Smith et al 2012).  
 MLCC level 4 is present in 30% of the papers; these 
present -or discuss approaches to generate- concrete arti-
facts identified as creative. They include Visual Narrator 
which constructs short visual narratives (Pérez y Pérez et al 
2012); machine-composed music (Eigenfeldt et al 2012); 
and PIERRE which produces new crockpot recipes (Morris 
et al 2012).  
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Table 2. Classification of the ICCC’12 papers in MLCC levels 
 
 More than 30% of all papers address MLCC level 6, 
cognition. Most of these refer to the cognitive processes 
involved in the generation of creative artifacts, but a few 
do suggest the study of cognitive processes related to the 
evaluation of creativity (Ogawa et al 2012; Linson et al 
2012; Indurkhya 2012).  
 MLCC level 1 is captured in 35% of all papers. In most, 
culture is used as a source in the creation of creative arti-
facts (as corpora or as evolutionary models at the cultural 
level). The remaining entries deal with culture as part of 
the evaluation of creativity. These include the application 
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of “literary criticism and communication theory […] to 
develop evaluation methods” (Zhu 2012) and “conceptual 
mash-ups” evaluated against “semantic structures seeking 
to replicate the semantic categories” (Veale 2012). Nota-
bly, MLCC level 7 –neural models of creativity- is not 
represented in ICCC’12, although progress is being made 
elsewhere (Iyer et al 2009).  
 Evaluation processes are scarce and gravitate mainly 
around MLCC levels 1 and 3 (Culture and Groups). 11%  
report assessment by small groups (audiences, experts) and 
the same number use culture as a metric for validating the 
results of a CC system (by comparison against or recrea-
tion of concrete cultural achievements). Only a couple of 
papers present potential ways of using societal factors or 
cognitive studies to understand how an artifact is ascribed 
creative value.  
 From an evaluation viewpoint, the ICCC’12 papers do 
not address the following MLCC levels: products (level 4), 
personality (level 5), neural processes (level 7) and CC 
processes (level 8). In this way, the MLCC model helps 
suggest future research approaches including: 
 
• Models that incorporate explicit CC processes of evalua-

tion of creativity, for example “automated critics” or 
“automated audiences” capable of replicating the as-
sessment patterns of human judges (different scales 
and levels of domain expertise), as well as ultimately 
predicting the creativeness of computer-generated arti-
facts (Maher and Fischer 2012). Sample research ques-
tion: “How may a computational system identify a 
masterpiece from mediocre artworks?” 

• Models of neuro-mechanisms behind the creation as 
well as the evaluation of creativity. Systems that cap-
ture the connections between neural and cognitive 
processes. Sample research question: “How do basic 
functions such as short term memory or cognitive load 
moderate the evaluation of creative artifacts?” 

• Models of the role of personality and motivation in the 
creation as well as the evaluation of creativity, for ex-
ample systems that create or evaluate artifacts based 
on emotional predispositions, gender distinctions, and 
other personality dimensions. Models where creative 
behavior is moderated by environmental cues. Sample 
research question: “How do extraversion traits such as 
assertiveness moderate the assessment of creativity?” 

• Models of intrinsic artifact properties identified in the 
evaluation of creativity according to intra and cross-
domain characteristics. Sample research question: 
“What common assessment criteria do people apply 
when ascribing creativity in music, literature and ar-
chitectural works?” 

 
 Beyond these "missing" levels (or ICCC gaps), this 
analysis leads to interesting new possibilities and distinc-
tions in CC research: 
 
• Culture can be approached in several ways in both gen-

erative and evaluative models: as the source of 

knowledge and generative techniques; as the standards 
against which new artifacts are evaluated by the crea-
tor and by the evaluators; as the status-quo that pre-
vent or constrain acceptance of new artifacts; as fac-
tors exogenous to the domain from which creators can 
draw from and introduce novelty into their creative 
process; as rules and regulations that incentiv-
ize/inhibit creative processes; as market or cultural 
outlets and vehicles of promotion of creative value; 
etc. 

• Societal and group levels can equally be considered in 
several ways: as large collectives or small groups 
(teams) collaborating in creative endeavors; as opinion 
leaders that influence both creators and evaluators; as 
cliques that provide support but may also polarize 
types of creators; as aggregate structures of behavior 
that lead to segmentation, migration, institutionaliza-
tion; as temporal and spatial trends; etc. 

 
As noted before, cognitive modeling may apply both to the 
generation and the evaluation of creativity. Likewise, alt-
hough current computational tools are conceived for the 
creation of creative artifacts, computational tools could 
also support the individual and collective evaluation of 
artificial and human-produced artifacts –for example 
through the automated extraction of evaluation functions 
provided customer needs and requirements, which can then 
be used to guide either a computational system or human 
designers. 

Discussion 
How do works such as the Mona Lisa by Leonardo become 
icons of creativity? Elements to consider range from its 
intrinsic aesthetic and artistic qualities all the way to its 
distinctive history –including its theft from the Louvre in 
1911 and the ensuing two-year international media notorie-
ty (Scotty 2010). This illustrative case exemplifies the “en-
tangled art!market complex” (Joy and Sherry 2003). Two 
CC scenarios are compared here where MLCC modeling is 
demonstrated: 
1)  “The Next Mona Lisa” CC model: a computational 
generative system is pursued that captures MLCC levels 6, 
7 and/or 8 implementing symbolic or neural techniques 
(inspired or not by human capabilities) which aims to cre-
ate a work of art comparable to the Mona Lisa, i.e., that 
receives the kind of appreciation and recognition gaining 
the status of a global cultural icon. The problem is that not 
only this approach seems rather implausible based on the 
current state of CC, it would also require a vast number of 
exogenous factors outside the reach of the system’s authors 
–and would probably require very long time periods, con-
sidering that even La Gioconda path to prominence took 
more than four centuries (Scotti 2010).  
2) “The Mona Lisa System” CC model: a multilevel com-
putational system is based on the MLCC levels of choice 
(two or more from 1 to 8), which aims to capture the crea-
tion of a large number of artifacts, some of which (most) 
fall into complete oblivion, some of which (very few) 
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make it to the equivalent of mediocre galleries, local mu-
seums and living rooms of elite audiences, and some of 
which (an absolute minority) are preserved, disseminated 
and capture broad attention and consensus. Some works in 
this last category may gradually become part of the cultural 
heritage, may be used as exemplars in specialized domain 
training and in general education, may fetch high prices in 
auctions or be considered invaluable in monetary terms, 
and may ultimately play an influential role in shaping pub-
lic taste as well as future artifacts within and beyond the 
domain of origin.  
 The latter approach opens interesting intellectual paths: 
What types of processes are capable of generating such 
diversity of artifacts? What commissioning, distribution 
and exchange mechanisms are sufficient to account for the 
observed skewed distributions of evaluation? What con-
nections are possible, in principle, between intrinsic char-
acteristics of artifacts and contextual conditions? What 
cross-level dynamics apply to creative systems from dif-
ferent domains and times?  
 Such an MLCC model can include a large number of 
elements, possibly derived from published studies –for 
example of art-market dynamics in this case (Debenedetti 
2006; Joy and Sherry 2003). The output in such models 
may not be (only or necessarily) the creative artifact itself, 
but a deeper understanding of the principles that underlie 
creative generation and evaluation. This may include two 
or more MLCC levels, and over time, historical trajectories 
that are likely to be context and time-dependent. Thus the 
high relevance of CC approaches for the study of systems 
based on stochastic processes which can be re-run over sets 
of initial conditions in order to inspect causal relationships 
and long-term effects.  
 Lastly, the following guidelines are provided when 
building MLCC models, somehow extending the evalua-
tion guidelines proposed by Jordanus (2011). 
1) Identify levels to be modeled 

a) Define primary and complementary levels: realisti-
cally, empirical validation or data may be relevant 
only for one or two levels, whilst computational ex-
plorations can target other levels of interest. 

b) Identify level variables (experimental and depend-
ent) that represent target factors and observable be-
haviors or patterns of interest.  

c) Define inputs and outputs at target levels, establish-
ing the bootstrapping strategies of the model.  

2) Define relationships of interest between levels 
a) Establish explicit connections above/below primary 

levels in the model 
b) Define irreducible factors, causal links and whether 

the model is being used for holistic or reductionistic 
purposes. 

c) Identify internal/exogenous factors to the system. 
3) Depending on modeling aims, define outputs 

a) Define type and range of outputs, identifying ex-
treme points such as non-creative to creative arti-
facts 

b) Capture and analyze aggregate data, model tuning 
and refinement 

4) Evaluation of a MLCC system 
a) Validity may be achievable in some models where 

relevant empirical data exists at the primary level(s) 
of interest, but this may be inaccessible and even 
undesirable for exploratory models. 
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