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Abstract

We present a proposal for meta-level evaluation in cre-
ative systems. In this paper, the Mexica creative sys-
tem is the subject of our analysis. To achieve meta-level
evaluation, we have constructed a program that interacts
with Mexica’s inputs and its outputs. The meta-level
system evaluates the results and makes decisions based
on them. For decision-making it includes heuristics that
are defined in terms of Mexica’s results; these are rules
particular to the object-level system. We also include
other general metrics that apply in any other creative
system. For example, Ritchie’s criteria for evaluating
creative systems are included in this proposal.

Introduction
Creative systems have been developed for various purposes
and fields. We can find them for the generation of stories,
melodies, paintings, poems, etc. There are also creative sys-
tems for non-artistic domains because creative behaviours
are important here too.

There are many things to analyse in creative systems,
for example, the outputs they produce, the rules, the in-
put examples and the evaluation methods they use, etc.
An important aspect of the analysis is the evaluation of
the work of these systems. One way to approach the
evaluation of a system is in terms of the output it pro-
duces (Ritchie 2007), we can call this an Output Evalua-
tion. Another way to evaluate it is to analyse the process
that the system follows (Colton, Pease, and Charnley 2011;
Jordanous 2012), we can call this a Process Evaluation. We
could also consider a combination of both types of evalua-
tion where we analyse both the output and the process, we
can call it a Process-Output Evaluation. Humans can evalu-
ate the creativity of systems, and creative systems can eval-
uate their performance themselves (Human Evaluation, Sys-
tem Evaluation). There also could be a meta-evaluation; an
evaluation of their evaluation (Jordanous 2011).

There is another way to evaluate creative systems, which
is to go to the meta-level. In the meta-level there are rules,
but they do not need to be the same as at the object level.
As an example, take this paper. It was generated by an actor
(one/many authors, a system, etc.). The paper is the out-
put. The actor has rules to generate a conceptual space, find
novel concepts and evaluate them. This is the object level.

In the meta-level, a reader looking at this paper might have a
distinct set of rules and different knowledge. Therefore, the
evaluation of the paper might be different as this meta-level
evaluation might not share the evaluation rules in the object
level. Following the terms suggested before, assuming the
reader is a human being, this would be a Human Meta-Level
Output Evaluation.

In this paper, we take the creative system Mexica as an
example and explore its meta-level output evaluation. To
achieve this, we have built a new system that interacts with
Mexica. The meta-level system interacts with the graphical
interface of Mexica and the outputs it generates and changes
the parameters Mexica uses to produce an output. There-
fore, we are talking about a System Meta-Level Output Eval-
uation.

To achieve meta-level evaluation, we have to consider the
distinct parts of Mexica. For this we have used the ideas
on creative systems expressed by Boden (1990) and the
Creative Systems Framework (CSF) proposed by Wiggins
(2006). With these tools, we can formalise the elements of
Mexica in a model that identifies its components and how
they interact.

We also use the criteria proposed by Ritchie (2007) for
evaluating creative systems. These criteria can give us infor-
mation about the typicality and quality of stories generated
by Mexica. Using this evaluation along with the information
from the files Mexica generates, we can know, for example,
the distribution of stories in the groups proposed by these
criteria, the characteristics these stories have, the result of
the self-evaluation for each story and the set of parameters
used to generate them. This information allows us to build a
meta-level system that admits transformational creativity.

This paper is about how to do reflection in a creative sys-
tem as suggested by Buchanan (2001), structured as trans-
formational creativity in Boden (1990) terms. One of our
reviewers summed up the intent of this paper, extremely
well; “The result is a meditation on computational creativ-
ity, transformational creativity and conceptual spaces that is
relevant to the topic.”

Background
We have brought together the following ideas in this work.
These are important because we use them to distinguish the
distinct parts of the creative systems and how they interact.
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This way, we are in a better position to perform meta-level
evaluation and later modification in Mexica and thus achieve
transformational creativity.

Conceptual Spaces and Transformational
Creativity

Boden (1990) has expressed various ideas about creative
systems. One of the key components of her ideas is con-
ceptual spaces. They contain the creative ideas that systems
can find. Conceptual spaces, as expressed by Boden, are
spaces delimited by accepted rules in a social group. They
define the space of solutions of a creative system.

Boden (1990) also points out that there are distinct types
of creativity in systems. One of the important types of cre-
ativity that she points out is transformational creativity. For
Boden, this type of creativity is characterised by changing
the rules that define the conceptual space (Boden 1990).
This means that the accepted rules in a social group have
changed and therefore the concepts that can be found in a
conceptual space have also changed. This could mean the
existence of more, fewer, better concepts. In any case, it
means a change in the conceptual space and a change in the
concepts or ideas available to a particular system.

Wiggins (2006) adds to the proposal of Boden (1990)
that we can have transformational creativity by changing not
only the conceptual space but also the rules a system uses to
traverse it. This way we are also making different concepts
available. They could be more, fewer, better, etc. but the
important thing is that there has been a transformation.

Mexica

Mexica (Pérez y Pérez 1999) is a creative system that gener-
ates short stories. Mexica does not have pre-defined goals.
It uses an Engagement and Reflection cycle (Pérez y Pérez
and Sharples 2001; Sharples 1996). Content generation is
guided by a set of constraints and previous stories available.

Mexica includes different rules for Engagement and Re-
flection. Alvarado and Wiggins (2018a) point out that in the
original Sharples (1996) account each phase produces differ-
ent results because conceptual spaces are not the same. Sim-
ilarly, Alvarado and Wiggins (2018b) point out that Mex-
ica produces a story through the interaction of both phases
in which conceptual spaces are not the same either. In one
phase, the system generates a type of content which, passing
to another phase, is restricted and changed.

In Reflection, the system evaluates the story in progress.
The evaluation takes into account the parameters provided
by the user. This can lead to the system changing parameters
to improve the story. For example, if the story is getting bor-
ing or if the evaluation determines that the story in progress
is very similar to one/some previous stories in the database.

The system delivers as a final output a story and several
files that show part of the process that Mexica followed to
generate the story. In these files, the system shows the pa-
rameters it has used, the actions it has added to the story and
the results of the self-evaluations.

Creative Systems Framework
Wiggins (2006) has proposed a framework for creative sys-
tems. In this framework, he proposes a formalisation of cre-
ative systems in such a way that we can identify different
aspects in a creative system and the rules that operate on
them. This model takes into account ideas of Boden (1990)
for conceptual spaces and formalises them. Wiggins (2006)
highlights the rules systems use and the concepts that can be
found using them in conceptual spaces.

In this framework, Wiggins (2006) points out that there
are rules that a system can use to define its conceptual space.
He takes very much into account the process that the system
follows for the generation of artefacts. He considers a set of
rules that the system uses to explore the conceptual space.
He also considers the use of a set of rules by which the
system can determine the quality of the objects produced.
Different systems apply different rules, and their number is
variable.

Wiggins (2006) suggests an interpretation function that
uses the mentioned rule sets to find creative objects. We can
change rule sets to change the behaviour of a system. This
results in many interesting behaviours. For example, rules
that define the conceptual space can change and they can
generate new conceptual spaces. The rules that serve to tra-
verse the conceptual space can change, giving rise to having
access to new concepts which were previously inaccessible.
In principle, it would be possible to change the evaluation
rules, allowing previously rejected ideas to be accepted.

Ritchie’s Criteria
Ritchie (2007) has proposed some criteria for evaluating cre-
ative systems based on the quality of the output that they
produce. These criteria are useful for finding the proportion
of examples that fall into different important categories in
creative systems analysis. For example, the percentage of
new artefacts to the examples known to the system, or the
percentage of artefacts that are high-quality and untypical.

In this paper, we also suggest the use of this set of criteria
to feed the meta-level system with information on the eval-
uation of the products generated by Mexica. This way, the
meta-level system can make decisions about the parameters
that can be varied to change the behaviour (and outputs) of
Mexica.

Alvarado and Wiggins (2019) propose a model that inte-
grates the Engagement and Reflection account, with the Cre-
ative Systems Framework and Ritchie’s criteria. Here the
similarities between the CSF and Ritchie’s criteria are high-
lighted. A particular example of the coincidences between
the two proposals is the importance given to the generation
of untypical but good quality examples, which could be seen
as an achievement for creative systems. This is so because
untypical examples generally correspond to solutions that
are not found in the conceptual space and evaluation pro-
cesses, taking into account only this, could show they are
poor quality. Finding untypical and good quality artefacts
implies that the evaluation rules have been able to find good
quality artefacts despite not being in the conceptual space.
Wiggins (2006) calls this aberration to highlight the negative
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connotation with which artistic examples of good quality but
not following pre-established rules have been received in the
past.

Alvarado and Wiggins (2020) show the application of
Ritchie’s criteria to the output generated by Mexica. They
highlight here the outputs’ trends for Mexica. This can be
useful when evaluating an instance of Mexica or deciding
how to find a new instance.

Implementation
For the implementation of this project, a program that can
interact with the Mexica’s graphical interface and its output
has been built. The purpose of this program is to change the
input of Mexica based on a meta-level evaluation.

Object level
At the object level, we have Mexica and its components.
These include inputs, outputs, and rules that it uses. As
inputs, we have the initial action that the system uses as a
starting point, the previous stories and a set of parameters
that are defined in its user’s interface. The outputs include
the log files, the generated story and the set of all stories
generated in previous runs of Mexica. The log files contain
information on the process that the system has followed to
generate the stories.

Alvarado and Wiggins (2018b) have analysed Mexica and
identified distinct groups of rules for Engagement and Re-
flection. They argue that these different rules produce dif-
ferent results in each stage.

Before Mexica generates a story, it analyses all previous
stories. It takes each action in each story and computes the
context. Mexica creates structures with the generated con-
texts. It groups all actions in previous stories that share the
same context into the same context structure.

When Mexica generates a story, it receives an initial ac-
tion. Mexica computes the context for the initial action.
Then, using this context, it looks for a similar one among
the context structures. Mexica retrieves all the associated ac-
tions from those similar contexts. Those actions will be can-
didates to continue the story. It generates something similar
to a tree with a variable number of branches to continue the
story. It analyses each branch with other conditions that fil-
ter the candidates. After the filtering, Mexica selects one of
the remaining candidates to continue the story in progress.
Mexica computes the context of the story in progress with
each new action added and repeats the process in each exe-
cution of Engagement.

Context similarity checking requires some parameters the
user can set in the graphical user interface. The number of
matches between the context structures (and potential can-
didates) depends on the value of these parameters. Candi-
dates filtering also requires parameters the user can set in
the graphical interface.

The lack of options to continue the story (i.e. there are
no matches with context structures) can cause an impasse.
The reflection stage has mechanisms to solve this problem,
but if it cannot do so, the system gives up and the story is
abandoned.

Interface
To interact with the object level, the meta-level system re-
quires an interface we have built. This interface is a pro-
gram capable of interacting with Mexica’s graphical inter-
face, changing parameters and starting its execution. This
interface has access to Mexica’s output files. It reads from
the object level the previous stories, the log files, the gener-
ated story, the set of all generated stories and the set of pa-
rameters defined by the user. This interface communicates
directly with the meta-level system. The output of this inter-
face (which comes from the meta-level system), includes pa-
rameters and the initial action to adjust the future behaviour
of Mexica.

Meta level
Wiggins (2006) argues that we can view transformational
creativity as exploratory creativity at the meta-level. This
way we can use the same components he uses in the analysis
of creative systems in the meta-level.

In the meta-level system, some rules define the conceptual
space. Here, the conceptual space corresponds to the space
of all possible instances of Mexica. Mexica’s user inputs
constraint this space. The user in this case is the meta-level
system. It only changes the parameters, not the previous
knowledge.

A set of rules allows the meta-level system to traverse its
conceptual space. They do so by varying Mexica’s param-
eters. With this, they generate a new instance of Mexica.
These rules allow decision-making with the information pro-
vided by the meta-level evaluation.

There are meta-level evaluation rules that can be used
with instances of Mexica found in the meta-level conceptual
space. The evaluation rules in the meta-level include heuris-
tics that take into account the information in Mexica’s log
files (e.g. the result of the self-evaluations, or the number of
actions retrieved in the first execution of Engagement). For
example, they take into account the probability of success
of a story in progress when there is an impasse in the first
execution of Engagement, which is low.

Following this example, when the meta-level system de-
tects an impasse in the first execution of Engagement, it
raises a flag because of the meta-level evaluation. Then us-
ing the traversing rules, this evaluation and the current set
of parameters, the meta-level system makes a decision. As
a result, the meta-level system establishes a new value for
the similarity of contexts parameter, so Mexica can get more
options. With this, using Mexica’s graphical interface, the
interface sets the new set of parameters and a new initial ac-
tion and runs Mexica. This way, in this example, Mexica
can create a story, avoiding the impasse because now it has
more actions (or different) to choose from. This modifica-
tion considers the self-evaluation of Mexica and the meta-
level evaluation to produce a story that gets a better overall
evaluation. The purpose of the meta-level system is to make
the evaluation at the object level be satisfied more and more
often.

Alvarado and Wiggins (2020) show the result of applying
criteria of Ritchie (2007). They provide performance-related
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information on past Mexica runs. The results show that there
are not untypical and good quality examples produced by
Mexica. We can include this result in the meta-level evalu-
ation and traversing strategy to make a more informed deci-
sion on how to change parameters to get better stories, but
more than that, explore the possibility of finding untypical
and good quality concepts.

Discussion
We have shown one way that we could meta-level evaluate
creative systems. Here, we have used Mexica, a creative sys-
tem that produces stories. We can think of many examples
of creative systems. They follow different processes and ap-
proaches to be developed and use different rules. What we
present here is an idea and a way of doing meta-level evalu-
ation in a particular example.

Pérez y Pérez (1999) points out that changing Mexica’s
parameters offers great flexibility to experiment with the cre-
ative process. What the meta-level system does is precisely
this; it interacts with Mexica, examines the output, evaluates
at the meta-level, decides and establishes new parameters for
Mexica, and it runs Mexica again. It interacts as a user so it
cannot change the inner workings of Mexica.

In this paper, we propose to use the criteria of Ritchie
(2007) to determine Mexica’s performance. The criteria
form a good tool that gives information regarding the out-
puts that Mexica generates. While their first intention is to
be used by humans to evaluate the outputs of the systems,
Ritchie (2012) points out that it is possible to use them as
internal components of the system and not external judge-
ments. This means that we can apply these criteria in dis-
tinct ways: Internal: How does the system work, on its own
terms? External: How does the system work, in terms of in-
dependent measures such as human judgements? Consider-
ing the internal way, we can do what we report in this paper.
It should be possible to use these criteria as part of a system
that evaluates another system. There is still the external part
in which we should include human intervention to evaluate
the meta-level system and its meta-level evaluation.

Ritchie’s criteria do not have a particular field of appli-
cation, which makes them a generic part of this meta-level
system. Perhaps it is necessary to include other general
approaches/methodologies for the evaluation (e.g. Colton,
Pease, and Charnley 2011; Jordanous 2012).

There are other elements of this meta-level evaluation that
are not general. For example, they largely depend on the
results that Mexica delivers and on the results of its self-
evaluations. The same happens with other creative systems.
Further refinement is necessary to incorporate general ideas
in creative (meta-level) (meta) evaluation to improve this
proposal.
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