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Roadmap to CRESY-II

CRESY-II stands for "CREativity from a SYstems perspective II", and it is the name
of the second agent-based model conceived in this doctoral work. Similar to Chap-
ter 1, the purpose of this chapter is to provide the reader with:

e A protocol of CRESY-II's architecture
e Information on the model’s verification
e An overview of independent and dependent variables

e The design of experiments conducted with CRESY-II

The chapter starts with a detailed model protocol (Sections 1.1 - 1.3). The
latter is designed according to contemporary guidelines for documenting simulation
models ("ODD Protocol"; Grimm et al., 2006, 2010; Janssen et al., 2008; Polhill
et al., 2008, 2010). It continues with information on the model verification process
(Section 1.4). Following, CRESY-II's independent and dependent variables are ex-
plained (Sections 1.5 - 1.6). The chapter concludes with an overview of experiments
conducted with CRESY-II (1.7).

1.1 ODD Protocol: Overview

Sections 1.1 - 1.3 contain a detailed account of CRESY-II's architecture. They
follow the ODD (Overview, Design concepts and Details) protocol for describing
individual-based and agent-based models (Grimm et al., 2006, 2010).

1.1.1 Purpose

The general purpose of this model, CRESY-II, is to simulate creativity as an emergent
phenomenon resulting from creative production and evaluation processes exhibited
by autonomous agents. The model demonstrates the effects, in terms of emerging
product domains, of creators and evaluators. The former act on the basis of be-
havioural variability, i.e. a theoretical continuum describing how differently (variable)
an individual behaves or creates from time to time (Stokes, 1999, 2007). The latter
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act on the basis of varying levels of stringency regarding conventional evaluation cri-
teria for creativity - novelty and appropriateness (Amabile & Mueller, 2007; Lubart,
1999; Metzger, 1986; Schuler & Gorlich, 2006; Styhre, 2006; Preiser, 2006; Ward
et al., 1999; Zysno & Bosse, 2009). An abstract model, CRESY-Il was designed
for theoretical exploration and hypotheses generation. It is the second model in a
series designed to describe a systems approach to creativity in terms of variation,
selection and retention subprocesses (Csikszentmihalyi, 1988, 1999; Ford & Kuenzi,
2007; Kahl, 2009; Rigney, 2001).

1.1.2 Entities, state variables, and scales

Programmed with NetLogo 4.1.2 (Wilensky, 1999), CRESY-Il encompasses the fol-
lowing entities: creators, patchworks, evaluators, domain and global variables. The
creators were carried over from CRESY-I. They are agents ("turtles" in NetlLogo)
characterized by the state variables described in CRESY-I's ODD Protocol. The
only difference is that CRESY-II creators lack the variable myPw, which was origi-
nally programmed just for debugging purposes.

Patchworks have the basically same function as in CRESY-I. They abstractly rep-
resent artefacts creators produce and they are technically represented by stationary
agents in NetLogo ("patches"). In CRESY-II, patchworks still appear as colours
characterized by rgb values, so they are visible to the observer in NetLogo's View.
Moreover, they are the means by which creators and evaluators communicate. Cre-
ators do not interact with their peers or evaluators directly. They gain knowledge of
the domain by viewing displayed patchworks. The same holds for evaluators. As the
addition of evaluators made new patchwork variables necessary, all state variables
patchworks have are (re)listed in Table 1.1.
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Table 1.1: CRESY-II Patchwork State Variables and Scales

Variable name Brief description Value
pcolor List of rgb values (24 bit). [r g b]
plabel domSize category for pcolor Integer,
[0,domSize—1]
pDom List of rgb values reduced to  [r g b]
domain variable domSize
(6, 9 or 12 bit).
PR, pG, pB Patch’s current respective Integer, [0,255]
red, green and blue values.
madeBy Who made patchwork? {Env,Cx,C1,C2,C3}
Environment! or creator type.
whosNext Holds who value of creator Integer,
or evaluator potentially to [1,number-creators)?
next move on patch. Belongs OR
to movement and evaluation [1,number-evaluators]?
procedures.
JustMade Indicates whether patchwork Boolean
was made during current step.
toDo Indicates whether evaluator Boolean
still needs to judge patchwork.
hue Indicates whether patchwork’'s  {warm,cool}
rgb colour is warm or cool.
currentEvals List of evaluators current List with
scores for given patchwork. {0,1}
cScore Patchwork’s cumulative Integer,
creativity score [0,1]3
PcScorelL ist Current domain evaluation List of length domSize

list of cScores.

values of [0,1]3

1 "Environment" (Env) means a patch’s colour has not been changed yet by any creator.
It is still the colour it randomly received when the world was initiated.

2

number-creators and number-evaluators are global variables which define the total num-

ber of creators (evaluators) in the world regardless of type.
3 If a patchwork has never been rated before, its cScore is set to -1 by default.

Evaluators are mobile agents ("turtles" in NetLogo) characterized by the state
variables described in Table 1.2, and their task is to judge the patchworks creators
make. Note that in CRESY-II the variable domSize belongs these agents. Evaluators,
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therefore, can only perceive patchworks with a certain degree of differentiation, and
this recognition is not as fine-tuned as that of creators. In evolutionary terms, they
only perceive a patchwork’s phenotype, whereas creators are aware of patchworks'’
genotypes (Chattoe, 1998).

Table 1.2: CRESY-II Evaluator State Variables and Scales

Variable name Brief description Value

label Describes (static) evaluator type.  {En,Ea,Ena}

eMem Evaluator’'s memory list for [[0OA][1A]...
patchworks seen. List of [ fil.....
domSize nested lists. [nf.] ]

item 0 = domSize value (¢;),
item 1 = absolute frequency (f;)
of value ¢;.

domSizet Size of patchwork space, {64,512,4096}
evaluators can perceive,
e.g. number of rgb
colours (patchworks)
they can discriminate

(12, 9 or 6 bit)

novelty-stringency? Percentage; How unknown Integer,
may a patchwork be [0,1]
to be considered novel?
appropriateness-stringency' Percentage; At least how Integer,
appropriate should patchwork [0,1]

be to be considered so?

info-rate? How many neighbours (4 or 8) an  {n4,n8}
evaluator obtains info from per
time step. Same for all.

movement? How evaluators move in the world® {straightFd1, ahead3,
allButBehind7, any8}

L This variable is set by the observer globally for all evaluators.
2 In CRESY-II, the variables info-rate and movement are defined globally for all creators and evaluators.
3 The movement strategies are explained in CRESY-I's ODD Protocol.

The domain is a higher-level entity abstractly representing a symbolic, or infor-
mational, system (Csikszentmihalyi, 1988, 1999). It is technically represented in
NetLogo by a single, invisible agent (turtle), and its purpose is to record informa-
tion about the patchworks. As some changes in code were made from CRESY-I to
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CRESY-II, the domain consists of different variables in the later model. Table 1.3
gives an overview of them.

Table 1.3: CRESY-Il Domain State Variables and Scales

Variable name Brief description Value

medallist List of domSize {0,1}!
nested lists containing
all evaluations ever made
for particular patchwork.

scoreline List of length domSize Integer,
containing current creativity [0,1]?
scores for patchworks.

Jjust Rated List of number-creators Integer,
nested lists containing the [0,1]
creativity evaluations
evaluators made in current step.

illustrated List of length >0
number-creators * 2
containing summed and squared
creativity scores from just Rated.

I Note 0 = not creative, 1 = creative.
2 Note a patchwork's cScore is set to -1 by default if it has never been
evaluated before.

A number of global variables are used in CRESY-II to define start-up configurations
(see CRESY-I's ODD Protocol for those carried over and Table 1.4 for new ones).
Furthermore, CRESY-II's interim and output variables are defined as globals (see
Table 1.5).

Table 1.4: CRESY-II Global Variables and scales?

Variable name Brief description Value

use-evaluators? Observer decides this. Boolean

number-evaluators QObserver defines number of evaluators in world >0

En, Ea, Ena 3 variables defining number of each evaluator >0
type in world. Set by observer.

tickstop? Observer decides if run Boolean
should stop at tickstop

1 CRESY-II's globals consist of CRESY-I's and the ones listed here.
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Table 1.5: CRESY-II Dependent & Interim Variables and Scales

Variable name Brief description Value
hX.Y Mutual information with [0,1]
X = creator type &
Y = patchwork type.
hX Information measure >0
(marginal entropy) for
X = creator type.
hY Information measure >0
(marginal entropy) for
Y = patchwork type.
hXY Joint information >0
(cell entropy)
hCx, hC1, hC2, 5 measures of relative [0,1]
hC3, hCAll information for each
creator type and
call creators
rel Reliability measure. [-1,1]
crea Creators’ overall creativity [0,1]
as judged by evaluators.
cond Name of experimental condition. String
rgbSpace List of domSize nested lists. Nested integer
Each list contains rgb values lists of
according to domSize reduction. length 3
rgbSpaceDom  List of domSize nested lists Nested integer

of length 2. Item 0 = domSize

category; item 1 = 0 (default frequency).

lists of
length 2

CRESY-IIl is based on theoretical ideas expressed in creativity research in psy-
chology. Therefore, there are no explicit concepts of spatial and temporal scales.
However, research in this domain is usually conducted as psychological experiments
in which individual participants or groups are requested to generate artefacts and
independent raters are subsequently asked to judge them. Therefore, one time step
In a simulation run can approximately equate to the time it takes to produce an
artefact and to judge it. In CRESY-II, the duration of this time is the same for all
creators and evaluators, which is not necessarily the case in reality. Furthermore,
total duration (temporal extent) can also vary depending on whether psychological
investigations take place in a laboratory setting, in which time is more or less con-
trolled, or in the field where, for example, the non-simulated creative production and
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evaluation processes carried out by artists, scientists, peers and the like can be of
any duration and continuous, e.g. online ratings such as Amazon reviews.

In CRESY-II, the term space refers to knowledge and not to geographical loca-
tion. Obviously, where creators and evaluators are located in the world will affect
what knowledge (colour information) they acquire. However, as colours are randomly
distributed on the grid when the world is initialized, geographical space has no system-
atic meaning in this model. By default, a 21x21 torus defines the knowledge-spatial
extent of the world. Each patch on the torus represents one patchwork, i.e. a colour
representing a creative product characterized by the three independent dimensions
red, green and blue and the corresponding domSize category. The knowledge-spatial
extent of the world is varied by altering the density of creators and evaluators in it.

1.1.3 Process overview and scheduling

CRESY-II consists of seven subsequent processes ("procedures" in NetLogo): obtain-
info, make-patchwork, rate-patchwork, move, forget-some-info, tick, update-domain.
Their scheduling is linear, i.e. their order occurs in the exact order they are listed in
the sequence diagram in Figure 1.1. The agentsets running the commands in each
process do so serially, but in a random order on the basis of NetlLogo's ask com-
mand. As indicated in Figure 1.1, creators and evaluators obtain information, move
and forget-some-information during the same stages of a simulation step. The state
variables were updated asynchronously. Time was modelled discretely.

1.2 ODD Protocol: Design concepts

1.2.1 Basic principles

CRESY-II's overall architecture is based on a) the evolutionary mechanism of varia-
tion, selection and retention (VSR) as well as b) Csikszentmihalyi; Csikszentmihalyi's
(1988; 1999) systems perspective of creativity which encompasses individuals, a field
and a domain. CRESY-II's focus is on the interplay of variation and selection, in-
cluding a simple form of retention. Various psychological models of the creative
individual and their products (see also Ch. 4 in Sawyer, 2006) are used to develop
the variation subprocess. The selection subprocess is modelled based on standard
criteria used for evaluating creative products (Amabile & Mueller, 2007; Lubart,
1999; Metzger, 1986; Schuler & Gorlich, 2006; Styhre, 2006; Preiser, 2006; Zysno
& Bosse, 2009) and Amabile's (1996) Consensual Assessment Technique (CAT).
The domain, a higher-order entity representing the process of retention, is charac-
terized by a measure of information (qualitative or nominal diversity) borrowed from
Shannon’s (1948) mathematical theory of communication. The domain’s implemen-
tation is additionally based on the notion that the more an artefact is valued, the
longer it remains in the domain. Figure 1.2 summarises CRESY-II's basic principles
graphically.
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Creators Neighbors Evaluators Observer Domain

obtain-info R obtain-info

rd

make-patchwork

rate-patchwork
v

-

move . move
L forget-some-info ] [ forget-some-info ]
L tick ]
update-domain
Creators Neighbors Evaluators Observer Domain

Figure 1.1: Sequence diagram of CRESY-II.

1.2.2 Emergence

Please review CRESY-I's ODD Protocol, as the notes on emergence in CRESY-I
still hold in CRESY-II. Additionally, the two dependent variables rel and crea are
modelled as emerging microsystem characteristics based on evaluators’ behaviour.
Both measures are expected to vary in magnitude and volatility depending on initial
start-up conditions as well as activity exhibited by creators and evaluators. rel mea-
sures the reliability of evaluators’ ratings. It is therefore an indicator of how similar
these agents are in behaviour. Do they represent a homogeneous or heterogeneous
microsystem? The measure allows the modeller to reflect their collective behaviour.
crea measures how creative the evaluators find creators’ patchworks in a given step.
It therefore reflects the quality of artefacts, and in an aggregated form it gives way
to diverse interpretations about the (sub)systems: If it is high, for instance, does it
mean that creators are performing well or that evaluators are easy to please? Or
could it mean the environment is just right for inducing high levels of creativity?

1.2.3 Adaptation

Please refer to CRESY-I's ODD Protocol to see how creators adapt. Additionally in
CRESY-II, creators adapt to the constraints of the domain by having to paint their
patchworks on neighbouring patches with the lowest creativity scores. In this way,
they are subject to the most valued works for a longer time period. Evaluators adapt
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Standards for
measuring creativity

-

Models of
individual creativity

Selection
(Individual) (Field)

/\ Mathematical theory
Retention

of communication
(Domain)

Variation

Models of
creative products

KCsikszentmihalyi's Systems Perspective of Creativity/
k Evolutionary mechanism VSR /

Figure 1.2: Basic concepts and models used in CRESY-II: Evolutionary
mechanism VSR, Csikszentmihalyi’s (1999) systems perspective of cre-
ativity, psychological models of individual creativity, psychological models
of creative products, psychological standards for evaluating creativity and
the mathematical theory of communication proposed by Shannon (1948).

to their environment by obtaining information every step, which in turn affects the
way they judge patchworks' novelty. They further adapt when rating appropriateness
by viewing a part of the context a specific patchwork is embedded in. Evaluators do
not explicitly seek to increase their individual success, but their consistent behaviour
based on their adapting memories and the changing contexts surrounding patchworks
is expected to contribute to the degree of creativity (crea) a domain is assessed to
have.

1.2.4 Objectives

Creators’ objectives were stated in CRESY-1's ODD Protocol and were not changed
in the current model. Evaluators have two implicit objectives: 1) They are supposed
to judge the creativity of patchworks, and 2) they are to do so based on their individ-
ual evaluator type, therewith incorporating the criteria novelty and appropriateness
in their ratings. They achieve the first objective by giving a patchwork a zero if
considered not creative, else a 1. The second objective is actually a prerequisite
for the first, and the behavioural rules are set by the observer. Evaluator type En
only uses perceived novelty as a basis for creativity ratings, Ea only appropriateness
and Ena both. How evaluators meet these objectives is measured collectively with
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the dependent variables crea (creativity; objective 1) and rel (reliability; objective
2). Note that both creators and evaluators do not adapt their behavioural rules (or
types) to the environment, although their knowledge base does change over time.
On a whole, however, the former act to increase diversity and the latter to qualify it
in the domain.

1.2.5 Learning

In CRESY-II, creators and evaluators learn by "memorizing" or obtaining patchwork
information from neighbouring patches. Their memories, i.e. adaptive traits, are also
affected by their random forgetting of what they have encountered before (see also
submodels obtain-information and forget-some-info in CRESY-I's ODD Protocol).
Both entities, however, do not learn to alter their behavioural rules.

1.2.6 Prediction

The concept of prediction does not appear to apply to CRESY-II.

1.2.7 Sensing

In CRESY-II, creators and evaluators only sense parts of the environment locally
by viewing different patchworks based on their movement strategy and by saving
patchwork information in their memory lists. While creators can produce and view
all possible red, green and blue values (0-255 per colour; 24-bit total colour space),
evaluators cannot discriminate this detail with which creators produce patchworks.
They only perceive a reduced colour space according to domSize (see Table 1.2
and the submodels in Section 1.3.3). This is comparable to consumers, users, etc.
viewing end products without recognizing all their technical details. It is also a way
of implementing the notion that evaluators only perceive the phenotypes of products,
while creators are aware of their genotypes. Sensing also applies to the way creators
place patchworks they currently make. A simple way to formalize retention, creators
place their newly made patchworks on a neighbouring patch with the lowest creativity
score (cScore). This ensures that the most valued patchworks remain in the domain
longer. By sensing these scores, creators are influenced by evaluators' ratings.

1.2.8 Interaction

Creators and evaluators experience indirect interaction with other creators by locally
viewing and obtaining information about their behaviour, i.e. patchworks. This fea-
ture is comparable to situations in which creators do not know each other personally,
but know each other's works (Dennis & Williams, 2003; Miiller, 2009; Runco et al.,
1994; van den Besselaar & Leydesdorff, 2009), and this situation is common in cre-
ativity research (Kozbelt & Serafin, 2009). It is also comparable to the way products
are rated by judges in creativity research. Raters usually do not have contact with

10
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study participants. They judge the products independently and anonymously (Bech-
toldt et al., 2010; Kaufman et al., 2008; Lonergan et al., 2004; Rietzschel et al.,
2006; Silvia, 2008).

1.2.9 Stochasticity

The areas mentioned in CRESY-1's ODD Protocol still hold for CRESY-II. In addition
to them, stochasticity also applies to the following areas. Dispersion of evaluator
types: Evaluators are always randomly dispersed on the simulation grid when the
world is initiated. Making patchworks IlI (continued from CRESY-I's ODD Proto-
col): When a creator places a patchwork on a neighbouring patch, it first determines
all patches with the same lowest cScore. It then randomly chooses one of them to
place the new patchwork on. Note in some cases there could be only one neigh-
bouring patch to choose from. Rating patchworks: Stochasticity applies to the way
appropriateness is assessed. In doing so, an evaluator looks at the hues of six of
eight neighbouring patches. The six neighbours are chosen randomly, meaning not
all evaluators use the same context as the basis for their appropriateness judgements.
Forgetting information: Similar to the way creators forget, three domSize categories
with absolute frequencies larger than zero are independently and randomly chosen
from an evaluator's memory eMem. Each category's absolute frequency is then
reduced by 1.

1.2.10 Collectives

The collectives in CRESY-II do not refer to emergent properties of individual agents,
but to the kinds of entity groups the model encompasses. As collectives, there are
creators, evaluators, patchworks and a domain. Moreover, there are creator subtypes
(Cx, C1, C2, C3) which differ in the way they make patchworks (see submodel make-
patchwork in CRESY-I's ODD Protocol). The evaluators form another entity group,
and three types are available (En, Ea, Ena). Creators and evaluators are therefore
separate kinds of entities with their own state variables and traits. Although they
do not communicate directly with each other, they are affected by each other's
behaviour. The information creators and evaluators obtain during the simulation
(procedure obtain-info) is, especially as a run prolongs and with a large number
of creators, produced by the collective of creators. Moreover, creators place their
patchworks on patches with the lowest creativity scores (cScores), meaning they are
affected by evaluators’ work. So although both collectives are not characterized by
direct intra- and interaction, they are influenced on a whole by what every agent
is doing. This leads to the conclusion that they are affected by each others’ work,
I.e. patchworks and evaluations. These two things are what constitute the domain,
a dynamic second-order entity whose characteristics are ultimately expressed in the
dependent variables hCAIl and crea.

11
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1.2.11 Observation

Data collection is conducted in two ways. Firstly, diverse monitors and plots are
included in the NetLogo Interface Tab to allow graphical observation simultaneously
while a simulation is running. There are plots for the following information: hCAIl,
hX.Y, rel, crea, domain creativity scores (cScores) as well as for the patchwork
distributions of all creators and each creator type separately. There are monitors for
the dependent variables hCAll, hX.Y, rel, crea and the interim variables hX, hY and
hXY (see Section 1.6 and CRESY-I's ODD Protocol for more on these variables).

Secondly, numerical data collection was achieved by designing experiments with
NetlLogo's BehaviorSpace (Wilensky, 1999). Each experiment produced a .csv file
containing values for all dependent variables (Table 1.5) at every time step of each
simulation run. The data was used freely to analyse CRESY-II, although not all
variables were selected for model analysis. All dependent variables are taken from
the observer perspective.

1.3 ODD Protocol: Details

1.3.1 Initialization

All variables used for initialization were derived from theoretical deliberations or em-
pirical findings discussed in creativity research (see for example Ochse, 1990; Sawyer,
2006; Sternberg, 1999; Sternberg et al., 2004; Zhou & Shalley, 2007). Their exact
values were initially arbitrarily set and then explored in the experiments described in
Section 1.7. Please refer to each experiment’s documentation for the exact initial
settings (see also Figure 1.5).

1.3.2 Input data

CRESY-II does not use input data to represent time-varying processes. The model
is an abstraction derived from normative ideas published in creativity research chiefly
within the field of psychology.

1.3.3 Submodels

This section describes CRESY-II's processes or submodels (see also Figure 1.1). If
they function the in same way as in CRESY-I, they are not re-explained here but
cross-referenced to CRESY-I's ODD protocol (Chapter 1).

obtain-info

Creators and evaluators obtain information in the same way as in CRESY-I (see the
latter model’'s ODD Protocol). The only difference is that evaluators save patches’
plabel variable, which indicates their domSize category. This does mean creators

12




1.3. ODD PROTOCOL: DETAILS

have more (memory) variables than evaluators, and at face value they receive more
information. However, each memory variable - be it that of creators or evaluators -
is updated with the same amount of information according to info-rate'. Creators’
state variables cR, cG, and cB (see CRESY-I's ODD Protocol) and evaluators’ state
variable eMem (Table 1.2) are updated in this procedure.

make-patchwork

Creators make patchworks in exactly the same manner as in CRESY-| (see Sec-
tion ??). The only difference is that creators no longer place their patchworks on
the patches they are currently standing on, but on one of the eight neighbouring
patches with the lowest creativity score (cScore; Table 1.1). This simple form of
retention ensures that more favoured patchworks remain longer in the domain ("sur-
vival of the fittest enough"). This is the time when patches’ state variables pR, pG,
pB, pcolor, pDom, plabel, hue, madeBy and cScore are updated.

rate-patchwork

Evaluators rate patchworks according to their perceived novelty and/or appropriate-
ness, and they can be one of three types: En (judges only novelty), Ea (judges
only appropriateness) or Ena (judges both). An evaluator's judgement results in
one dichotomous creativity score (cScore) for a particular patch: 0 = not creative,
1 = creative. Evaluators judging patchworks based on their perceived novelty do
so according to the variable threshold novelty-stringency, and those judging appro-
priateness are influenced by the variable threshold appropriateness-stringency. Both
thresholds are set by the observer in NetLogo's Interface Tab (see also Table 1.2), so
they are the same for all evaluators affected by them. The pseudo code in Figure 1.3
describes how the different evaluator types make their judgements. Note that evalu-
ator type Ena must judge a patchwork’s novelty as given (1) and its appropriateness
as given (1) in order to rate the entire patchwork as creative (1). The observer can
set how many evaluators of each type are desired by using input boxes in NetLogo's
Interface Tab.

Assessing novelty The variable novelty-stringency ranges from 0—1 and represents
a threshold according to which an evaluator decides whether a patch under current
evaluation is novel or not. The patchwork’s (p) relative frequency (rf,e) is calculated
from an evaluator’'s (e) memory, i.e. how often has evaluator e seen patchwork p
before compared with all other patchworks it has also seen? If rf, is less than or
equal to novelty-stringency, the patchwork is considered novel (n = 1), otherwise
it is not (n = 0; see also pseudo code in Figure 1.3). This way of operationalizing
novelty assessments may best be described by the following question: How unfamiliar

1So creators receive info-rate * 3 pieces of information, whereas evaluators receive info-rate * 1
pieces of information. Each memory variable (cR, cG, cB and eMem) receives info-rate pieces of
information.

13
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; How En and Ena assess a patchwork’s novelty:
LET p = relative frequency of current patchwork in my memory
IF p <= novelty-stringency
THEN SET novelty = 1; novel
ELSE SET novelty =0 ; not novel
; How Ea and Ena assess a patchwork’s appropriateness:
LET h = patchwork’s hue ; warm vs. cool
LET viewed = 6 randomly selected neighbors
LET c = number of viewed with hue = h
SETc=c/6
IF ¢ >= appropriateness-stringency
THEN SET appropriateness =1; appropriate
ELSE SET appropriateness = 0; not appropriate
; How a patchwork’s creativity score is set:
IF type = En THEN SET cScore = novelty
IF type = Ea THEN SET cScore = appropriatess
IF type = Ena THEN IF (novelty + appropriateness) = 2
SET cScore =1 ; creative
ELSE SET cScore =0 ; not creative

Figure 1.3: The pseudo code explains how evaluators En, Ea and Ena judge
novelty and appropriateness as well as turn these ratings into a creativity
score.

must a patchwork be to an evaluator to be considered novel? Note that novelty
assessment depends an evaluator’'s memory; two evaluators may disagree about the
same patchwork’s novelty depending on what they have seen before.

Assessing appropriateness All patches have a variable called hue, which indicates
whether their colour is warm or cool (see Table 1.1). A patchwork is considered ap-
propriate when its hue agrees with the hues of its neighbours, meaning it should have
the same hue as the majority of surrounding patches. An evaluator about to judge
a patchwork’s appropriateness therefore first takes a look at the latter's surround-
ings. To simulate imperfection of humans’ perception of their environment (see for
instance Chattoe, 1998) and to enhance variability of judgements, an evaluator only
checks the hues of six randomly selected neighbours?. It then assesses how many
(c) of the six have the same hue as the patchwork under current evaluation. By
calculating the percentage of six neighbours with the same hue (%), a number from
0 — 1 results. This number is finally compared with the variable appropriateness-
stringency. The latter also ranges from 0 — 1 and represents a threshold according

2Without this stochasticity appropriateness judgements would always be the same, as all evaluators
would view the same eight neighbours and come to the same judgement according to the algorithm
to follow.
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1.4. MODEL VERIFICATION

to which an evaluator decides whether a patchwork under current evaluation is ap-
propriate or not. If ¢ is greater than or equal to appropriateness-stringency, the
patchwork is considered appropriate. This way of operationalizing appropriateness
assessments may best be described by the following question: At least how much
does a patchwork need to fit to its surroundings in order to be considered appropriate
by an evaluator? See the pseudo code in Figure 1.3 for another description.

move

Different movement strategies are available for creators and evaluators, and they can
be set by the modeller with a so-called chooser in NetLogo's Interface Tab. The
strategies were already explained in CRESY-I's ODD Protocol.

forget-some-info

Creators and evaluators forget according to the same-named submodel in CRESY-
I's ODD Protocol. Analogous to the way creators forget in CRESY-I, evaluators
also forget three randomly selected pieces of information which are deleted from
their memory eMem. Creators’ state variables cR, cG, and ¢B and evaluators’ state
variable eMem (Table 1.2) are updated in this procedure.

tick

In this submodel, NetLogo's built-in time counter advances. Time is modelled in
discrete steps, called ticks in NetLogo.

update-domain

During this procedure all dependent variables and the interim variables used for their
calculation are updated (Table 1.5). For the exact equations, see Section 1.6 and
CRESY-I's ODD Protocol. Additionally, patches’ cScores are updated to reflect
the evaluation status of the domain. This is also the time when Interface plots are
updated.

1.4 Model verification

The following measures were taken to verify CRESY-II:

Coding
e An object-oriented language was used.
e Meaningful variable names were systematically used for all but local variables.

e Sufficient time was allocated for programming.
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1.4. MODEL VERIFICATION

A second programmer was asked to proofread parts of CRESY-II.

Assertions were added to check whether input parameter values made sense.

NetlLogo's syntax analysis button ("check" in the Procedures Tab; Wilensky,
1999) was regularly used.

Additional pieces of code were added to each procedure to check input and
output plausibility. This code was deleted in the final version.
Documenting
e Comments were added to the code to facilitate model-to-program translation.
e NetLogo's Information Tab (Wilensky, 1999) and the ODD protocol (Grimm
et al., 2006) were used.
Observing

e An abundance of output diagnostics (histograms, monitors, plots of interim and
final variables) were programmed in the NetlLogo's Interface Tab (Wilensky,
1999).

e The model was animated using NetLogo's "View" (Wilensky, 1999).

e During model building, individual procedures were run singly and their output
checked in NetLogo's Command (Wilensky, 1999).

e During model building, an abundance of brief experiments were carried out to
check if CRESY-II functions just as CRESY-I| does in the procedures carried
over from the latter model.

Testing

e Before experimentation, conditions for which output parameters are known
were tested by observation. CRESY-II was not used until the values were as
expected.

e All experiments conducted with CRESY-Il were run with (theoretically derived)
extreme conditions.

e |n all experiments conducted with CRESY-II, graphical and statistical testing
was used to back up modeller observations.
Comparing

e After each experiment conducted with CRESY-II, data interpretations and dis-
cussions containing model-to-program comparisons were documented.
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1.5. INDEPENDENT VARIABLES

1.5 Independent variables

Figure 1.4 depicts a chart containing all parameters an experimenter can vary in
CRESY-II. They are classified according to the system they belong to. Method-
specific variables result due to the peculiarities of simulation modelling. The modeller
can influence the size and shape of the programmed world. Furthermore, the number
of runs and steps per run require setting for experimentation. The macrosystem and
creator microsystem variables are the same as used in CRESY-I. Technical variables
in the evaluator microsystem correspond to those in the creator microsystem: The
number of evaluators can be altered, and their movement strategies and informa-
tion uptake rate may be varied. Substantial variables in this system are the ratio
of evaluator types (eRatio), their novelty and appropriateness thresholds (novelty-
stringency, appropriateness-stringency) and the number of categories they have to
perceive patchworks (domSize). Note that domSize was a global variable in CRESY-
[. In CRESY-II evaluation takes place in evaluators as autonomous agents and not
in one global observer. Therefore, domSize now belongs to the former. It is set to
one value for all evaluators.

In the experiments conducted with CRESY-II, not all parameters in Figure 1.4 are
varied due to reasons of feasibility. Note that if each variable was varied in two ways,
resulting in "simple" a 2% design, a total of 524, 288 experimental conditions would
be necessary. In the documentation of each experiment conducted with CRESY-II,
the independent variables chosen for experimentation are explicitly stated.

1.6 Dependent variables

1.6.1 hCAll

This dependent variable was used in CRESY-I| and is reused in CRESY-II. It's formula
is thoroughly explained in CRESY-I's ODD Protocol.

1.6.2 hX.Y

This dependent variable was used in CRESY-I and is reused in CRESY-II. It's formula
is thoroughly explained in CRESY-I's ODD Protocol.

1.6.3 Creativity

After rating a patchwork’'s novelty and/or appropriateness, evaluators ultimately
judge its creativity by giving it a binary score (cScore) of 0 (not creative) or 1 (cre-
ative). Each evaluator rates every patchwork made in the current step. So number-
creators x number-evaluators creativity scores result every tick, because each creator
makes only one patchwork and each evaluator rates every one. Subsequently, a total
creativity assessment for the current step is calculated and expressed in the variable
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1.6. DEPENDENT VARIABLES

Method-specific Variables

Substantial Technical

number of runs

number of steps (ticks)
world size

world shape (e.g. borders)

Macrosystem Variables

Substantial Technical

predefine-r
predefine-b
predefine-g

Creator Microsystem Variables

Substantial Technical
cRatio number-creators
imagination info-rate

movement

Evaluator Microsystem Variables

Substantial Technical
eRatio number-evaluators
domSize info-rate
novelty-stringency number-evaluators

appropriateness-stringency

Figure 1.4: The input parameters available in CRESY-II are divided into
method-specific, macrosystem and microsystem variables. They are sub-
divided into technical and substantial variables.

crea. For each patchwork j currently evaluated, its number of corresponding creative
evaluations (1s; Ny;) is set in relation to its total number evaluations (Niotarj, equal
to number-evaluators). That is the single patchworks's current creativity score (¢;).
These interim creativity scores are then averaged to obtain the patchworks’ mean
creativity in the current step.

n
crea = 2im1 G

n

whereas n = number of patchworks made in the current step (equal to number-
creators),

Ny
Ntota/j

and ¢ = for patchwork j
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1.7. EXPERIMENTAL DESIGN

crea is therefore a percentage indicating how creative evaluators find creators’
current work on average. Note again that crea is calculated every step only with the
patchworks currently made and thus evaluated.

1.6.4 Reliability

Regardless of output type, measuring the accuracy or reliability of judgements is
an essential part of creativity assessment (Silvia, 2008). In CRESY-II, reliability is
measured with Fleiss’ k (Fleiss, 1971) for binary data as derived in (Bortz et al.,
2008, p. 454-458).

1.7 Experimental design

Two experiments were conducted with CRESY-II (see Figure 1.5). The first, Cll-1a,
was conceived to investigate how many runs, steps per run and evaluators (number-
evaluators) should be used for further explorations. The results obtained were used
to design the second experiment, ClI-1b. It's purpose was to explore how macrosys-
tem, creator microsystem and evaluator microsystem variables affect the dependent
variables. This experiment was therefore designed to investigate substantial variables
regarded as essential in Csikszentmihalyi's (1999) model of creativity. The results
gathered were used to generate hypotheses about his perspective. Note that fewer
preparatory experiments were conducted with CRESY-IlI compared with CRESY-I.
This is due to the fact that only parameters values already used in CRESY-I were
reused in CRESY-II, i.e. input parameters available in both models are set in CRESY-
[l with values already tested in CRESY-I. For more on these experiments, please
contact the author.

Cll-1a Cli-1b
(Technical variables) (Substantial variables)
4 ) 4 )
® Runs * Macrosystem
o Ticks e Creator

Microsystem

¢ # Evaluators

e Evaluator
Microsystem

\_ J \_ J

Figure 1.5: Overview of experiments conducted with CRESY-II.
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