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Abstract

We employ the Creative Systems Framework (Wiggins 2006)
to explore the Account of Writing as Creative Design pro-
posed by Sharples (Sharples 1996). The purpose of this ex-
ploration is to have a deeper understanding of this proposal
and so, be able to analyse computer implementations of it.

Conceptual spaces

Boden (1990) points out that there is a Conceptual Space
(CS) where creative ideas exist. She suggests that this CS
has origin in the culture of the creator and is any disciplined
way of thinking that is familiar to (and valued by) a cer-
tain social group. Boden (1990) defines a CS as a structured
style of thought and she points out that conceptual spaces
are normally learned from the culture. For any CS there are
rules or constraints which form it and in this CS new ideas
(concepts) may be found.

Boden (1990) explains that concepts can be found in a
CS by Exploration and Transformation. She states that by
exploring the CS someone may be able to see possible con-
cepts that had not been discovered yet. By transforming the
CS its form changes because the rules or constraints have
been changed and different concepts may be available to be
found.

Writing as a creative design

Sharples (1996) proposes an account of writing as a creative
design. Sharples points out that the main part of this account
is that writing is a cognitive activity and an open-ended de-
sign process that requires tools, resources and setting con-
straints on goals, plans, etc., but creative writing also re-
quires breaking of such constraints (Sharples 1996).

The writer imposes appropriate constraints that come
from a combination of the task itself, external resources,
knowledge and experience of the writer.

Sharples explains that it is also necessary to distinguish
between novelty and adequacy and creativity to advance in
the description of the mechanisms of creative writing. Bo-
den (1990) in her analysis of cognition and creativity ex-
plains that in conceptual spaces it is possible to find new
ideas. Sharples points out that those ideas, found in concep-
tual spaces, must be not only novel but also appropriate for
the task and the public. Sharples explains that an important

part of his account is the description of a set of constraints
to generate appropriate content. They constraint the gener-
ative system and form what Boden (1990) describes as the
conceptual space. A conceptual space limits the scope of
the search through long-term memory to the concepts and
schemes that are appropriate for the task. It can be restric-
tive and invoke a flow of conventional ideas, but also pro-
vides the source material for creativity (Sharples 1996).

A writing task begins with a given set of constraints.
These can be external, such as a topic, previously written
material, or a set of editor guidelines. They can also come
from the writer, such as the schemes, interrelated concepts,
genres and knowledge of a language that form the concep-
tual spaces of the writer. The task is also restricted by the
tools a writer uses and by the context in which the writing
occurs. These constraints act together to frame the activity
of writing. The success of this task is how knowledge is
guided by the restriction so that a successful writer invoke
just the right schemes (Sharples 1996).

Sharples explains that there are similarities between the
studies of cognition in design and the cognitive theories of
creativity in writing. Sharples (1996) explains:

e Design problems are open-ended and can not be fully
specified. They do not have a fixed set of goals or a se-
quence of steps, each of which can be evaluated in terms
of their proximity to the goal.

e The design process is endless. There is an inexhaustible
amount of possible solutions, and the end of the design
process is a matter of criteria. A designer stops when it no
longer seems worth the effort to try to improve the quality
of the product, or by some external factor, such as running
out of time or resources.

e There is no design process that is infallibly correct. There
are many different and equally successful approaches, and
good designers can control and vary their strategies ac-
cording to the task.

e The process involves finding and solving problems. The
design process does not consist of a clear sequence of
stages prior to a finished product, and much of a de-
signer’s time is spent identifying and refining the problem.
Sharples also summarises this idea by saying the problem
is generated while it is being solved.



e Design inevitably implies a subjective value judgement.
A designer asks questions and produces products that can
only be judged by a subjective evaluation of quality.

e Design is a prescriptive activity. Unlike the process of
scientific discovery, where the objective is to describe the
world, design cares about what might, could and should
be. It prescribes and creates the future, which requires
ethical and moral scrutiny.

Primary generators, which are also constraints, are other
important components in this account of writing. A primary
generator is a powerful idea, but easy to fix that a designer
uses to drive and guide the activity (Sharples 1996).

In a writing task, writers often have to manipulate knowl-
edge externally. To achieve this they can use a number
of tools, for example, paper or a computer to capture their
mental representations in order to be able to modify, trans-
form and order them. This depends on the resources that the
writer has available and they are also part of the constraints
the process has (Sharples 1996).

Sharples explains that it is important to observe the effect
of the environment and tools on the writing task as a design.

Sharples explains that an episode of writing does not be-
gin with a single goal, but with a set of external and inter-
nal constraints. These come as a combination of the task, a
collection of resources, aspects of the knowledge and expe-
rience of the writer, and a primary generator.

As writing progresses, the constraints provide tacit knowl-
edge to guide the writing process. The writer can re-
represent some of them in a more explicit way, as a con-
ceptual space to be explored and transformed. The move-
ment between engaged writing, guided by tacit restriction,
and more deliberate reflection forms the cognitive motor of
writing (Sharples 1996).

Engagement An engaged writer devotes full attention to
creating a chain of associated ideas and converting them into
text. The working memory is completely dedicated to the
task, and the only other deliberative mental activity that the
writer can carry out in the text creation exercise is to speak
the words out loud (Sharples 1996).

In order to reflect on the text, it is necessary to stop writ-
ing, and the result is that the periods of engagement are in-
terleaved with periods of reflection (Sharples 1996).

Reflection Reflection consists of “sitting back” and re-
viewing all or part of the written material, conjuring up
memories, generating ideas by association, forming and
transforming ideas, and planning what new material to cre-
ate and how to organise it. (Sharples 1996).

The cycle of engagement and reflection establishes dis-
tinctive rhythms that characterise writing processes. The pe-
riod of these rhythms can be short, as when a writer looks
back over each sentence, as it is written, or longer when a
writer rereads an entire piece of writing and plans a thor-
ough revision (Sharples 1996).

Sharples (1996) makes a special distinction between reg-
ular writing activity and explicit knowledge manipulation.
He explains that it is possible, for example, to produce
grammatically correct language without reciting the rules of

grammar. But to explore and transform conceptual spaces is
necessary to invoke constraints and schemas as explicit enti-
ties and work on them deliberately. Sharples (1996) explains
that the mind exploits the knowledge that has already been
stored, re-enacting tacit procedures as well as explicit struc-
tures. The representational redescription provides us with
the means to reflect on the experience. It allows us to re-
view an activity, re-cast it as a mental schema and use it to
probe long-term memory, recall related schemas, integrate
the new knowledge with the previous one and explore and
transform it. Sharples (1996) explains that this transition
from tacit knowledge to representational redescription is not
easy, even for experienced writers.

In the next section the Creative Systems Framework
(CSF) (Wiggins 2006) is explained and later this account of
writing proposed by Sharples (1996) is analysed in terms of
the CSF. Implementation examples of this account of writing
explained are analysed with the resulting CSF framework.

Creative Systems Framework

Wiggins (2006) formalises the ideas on creativity expressed
by Boden (1990). He argues that at first sight Boden’s pro-
posal lacks elements to use it in a consistent way, so he for-
malised the concepts in Boden’s theory so they can be better
applied.

Wiggins explains that artefacts are produced by a sys-
tem (a creator), in a certain context, like P-creative acts
explained by (Boden 1990) which are related to the cre-
ator’s mind and a culture that is familiar to a certain social
group. Wiggins points out that novelty and value are impor-
tant features of artefacts produced by a system in its con-
text and many authors coincide with this (e.g. (Boden 1990;
Pérez y Pérez 1999; Ritchie 2007; Colton 2008)).

Wiggins defines different conceptual elements which are
important in the analysis of a creative system.

Universe (/) is a multidimensional space, whose dimen-
sions are capable of representing anything and all possible
distinct concepts correspond to distinct points in U/ (Wiggins
2006). Conceptual Spaces C defined by cultural agreements
and for specific domains, in which concepts may exist, can
be located inside the Universe /.

Language (£) is a common language from which frame-
work’s rules will be obtained.

Rules (R) is a subset of £ and are the rules which con-
strain a Conceptual Space C; they define the nature of the
created artefacts. In particular, in the societal context, they
represent the agreed nature of what a concept is (Wiggins
2006).

Traversing strategy (7) is a subset of £ and is the set of
rules which allow us to traverse the Conceptual Space (C).
T defines the way a particular agent produces an artefact in
practical terms (Wiggins 2006).

Evaluation (£) is a subset of £ and is the set of rules for
evaluation of concepts according to whatever criteria we
may consider appropriate, they define the value of artefacts
(Wiggins 2006).

The Creative Systems Framework proposal (Wiggins



2006) has some axiomatic points which are independent of
the domain or type of the system.

Axiom 1 All possible concepts, including the empty con-
cept, are represented in U/, so, T € U.

Axiom 2 All concepts c¢; represented in U/ are different,
80, Ve, c0 € U, 1 # co

Axiom 3 All conceptual spaces are strict subsets of I/, so,
Vi C;CU

Axiom 4 All conceptual spaces C include the empty con-
cept T,so,Vi T €C;

‘R represents the rules which define the nature of the cre-
ated artefacts. So, R constraints the Conceptual Space (C)
suggested by Boden (1990). Wiggins (2006) explains that
by using an interpretation function [.] it is possible to choose
members of ¢/ which belongs to C, assuming a well formed
set R. We get the expression: C = [R](U)

Similarly, for the search strategy 7, Wiggins (2006) ex-
plains that another interpretation function is needed ((., ., .))
which, given three well-formed R, 7 and £ sets computes a
function which maps two totally ordered subset of U/; c;;,,
and cyyy. This function operates on members of U/ and
not just on members of C because it is necessary to de-
scribe and simulate behaviours which are not completely
well-behaved (Wiggins 2006). Therefore we get the expres-
sion: cour = (R, T,E) (cip)

Having different sets; R for the nature of the artefact, and
T for the search strategy gives the possibility, explained by
Wiggins (2006), to have transformational creativity by trans-
forming R into R’ or 7T into 7' or both. This is an impor-
tant feature because, for example, changing R is a way to
change the constraints of the conceptual space, and it might
be called transformational creativity in Boden (1990) terms
and is equivalent to a paradigm shift. Changing 7 only af-
fects the agent using that 7 (Wiggins 2006) but the agreed
nature of an artefact remains the same.

Wiggins (2006) points out that in C there exist C; and C-,
concepts discovered and concepts not discovered yet respec-
tively. Given R and T sets, some concepts in C; may not be
accessible, and even changing R (transformational creativ-
ity in Boden’s terms), they might remain non accessible. By
changing the search strategy 7 the elusive concepts in Co
might be accessible. This means that by transforming the
search strategy one may find by exploration concepts C» in
C. Boden (1990) suggests that transformational creativity is
more significant that the explorational one. Wiggins (2006)
explains that this formulation shows that this suggestion of
Boden might not be true.

Wiggins (2006) explains that Boden’s idea of transforma-
tional creativity is to change the rules that define the concep-
tual space. Wiggins defines two sets of rules, R and 7. Then
the transformational creativity consists of changing either of
them or both.

A syntax checker that selects £ elements which are well
formed is necessary. Therefore the transformations of 7 or
‘R will be well formed in terms of any interpreter. Transfor-
mation means building new £ subsets of the old ones (Wig-
gins 2006).

Wiggins (2006) explains that if we use a meta-language,
L, for £, which can describe the construction of new mem-

bers of £ from old ones, we can pair it with an appropriate
interpreter, to allow us to search the space of possibilities.
L can be used to describe this task too. Then, we can eval-
uate the quality of transformational creativity, with some €2
function (Wiggins 2006). Then it could be possible to spec-
ify interpreters, [.] and ((., .,.)), which will interpret a rule
set 7T, applied to an agenda of potential sequences in L,
such an interpreter could work for both £ and £, (Wiggins
2006). Then, the evaluation function 2, could be expressed
as a set of sequences & in £ and use [.] to execute it (Wig-
gins 2006). The transformational creativity system can now
be expressed as an exploratory creative system working at
the meta-level of representation (Wiggins 2006).

Wiggins suggests that, for true transformational creativity
to take place the creator needs to be in some sense aware
of the rules he/she/it is applying. This self-awareness, sug-
gested by (Wiggins 2006), is what makes a creator able to
formalise his/her/its own R and 7 in terms of the meta-
language L. So without that self-awareness, a creator can-
not exhibit transformational creativity (Wiggins 2006).

Wiggins points out that Boden’s supposition that creative
agents are well-behaved, in the sense that they either stick
within their conceptual space, or alter it politely and delib-
erately by transformation may not be adequate. There are
some situations in which agents may have a different be-
haviour which can be useful to analyse the system, they may
also give information to switch to transformational creativ-
ity. They are grouped in (Wiggins 2006) into the terms Unin-
spiration and Aberration.

Uninspiration occurs in three different forms:

Hopeless uninspiration: there are not valued concepts in
the universe.

Conceptual uninspiration: there are not valued concepts
in the conceptual space.

Generative uninspiration: the search strategy of the cre-
ative agent does not allow it to find valued concepts

These categories are related to the value of the concepts.
An agent can not even start working in the first situation.
The second one requires redefining the constraints of the
conceptual space. The third case indicates that the agent
is not able, by the actual search strategy, to find valued con-
cepts. A solution to this could be to modify the search strat-
egy of the agent (Wiggins 2006).

Aberration is a situation where a creative agent is travers-
ing its conceptual space. The strategy 7 enables it to create
another concept which does not conform to the constraints
required for membership of the existing conceptual space
(Wiggins 2006).

Wiggins terms this aberration, since it is a deviation from
the norm as expressed by R. The choice of this rather neg-
ative terminology is deliberate, reflecting the hostility with
which changes to accepted styles are often met in the artistic
world (Wiggins 2006).

Aberrant concepts are very interesting because they are
not part of C but the system might be able (by 7) to find
concepts outside the constraints of the conceptual space de-
fined by R. The evaluation &, of this concepts, has to be
analysed carefully because, as expressed by (Wiggins 2006)
and it was also noted by (Ledn and Gervas 2010), £ should



be capable of scoring the results of 7 even when they fall
outside the set defined by R.

An Exploration of Engagement and Reflection
under the CSF: An ER-CSF Model

Sharples (1996) explains that an episode of writing does not
begin with a single goal, but with a set of external and in-
ternal constraints. It was shown in section “Writing as a
creative design” that constraints can be the task, a collection
of resources, aspects of the knowledge and experience of the
writer, and a primary generator.

The constraints provide tacit knowledge to guide the
writing process and the cycle E-R forms the cognitive motor
of writing (Sharples 1996). Now we apply the Creative
Systems Framework (Wiggins 2006) to the Engagement
and Refection cycle (Sharples 1996)

Universe (I/) is a multidimensional space, whose dimen-
sions are capable of representing anything, including the set
of written materials or stories.

Language (£) is a common language from which rules
will be obtained.

Rules (R) is formed with the set of constraints which
form conceptual spaces. As explained by Sharples (1996)
the operations a writer performs at each stage are different,
so different results are produced at each stage. There will be
RE and R g sets of rules to produce Cg and Cpr, conceptual
spaces for Engagement and Reflection respectively.

Re —Cg and Rgr—Cgr

Traversing strategy (7) represents the strategy by which
an agent produces an output in practical terms, they are the
rules which define the way an agent will traverse C. A writer
can have different strategies to traverse the space. It was
shown in section “Writing as a creative design”, that a writer
can have a strategy in which he is constantly reviewing the
written material or, in other case, reviewing it after a long
period of engaged writing. In any case, following Sharples,
a writer produces written material through the strategy of
an Engagement and Reflection cycle. As the output can be
different due to switching frequency between Engagement
and Reflection stages and because the operations performed,
there are also two sub-strategies, Tg and Tg:

1. Tg to traverse the space Cp . When a writer is generating
a chain of associated ideas and turning them into text.

2. Tg to traverse the space Cr . When a writer is reviewing
(and possibly making modifications), contemplating (ex-
ploring knowledge and transforming conceptual spaces)
and planning for the next execution of engagement.

Evaluation (£) It was outlined by Sharples (1996) that
design problems are open-ended and can not be fully spec-
ified, they do not have a fixed set of goals or a sequence of
steps, so, they cannot be evaluated in terms of their prox-
imity to the goal. Sharples (1996) also highlights that a de-
sign task inevitably implies a subjective value judgement.
Sharples (1996) explains that an engaged writer devotes full

attention to creating a chain of associated ideas and convert-
ing them into text and nothing more can be done. Even if this
is the case, at some point, a decision to switch to a reflective
state is made and this might involve some kind of evalua-
tion of the written material, for example, the extension of
the material. During the reflective state, a writer reviews the
material, contemplates it and makes plans, this involves the
use of constraints, to get a set of criteria to evaluate the ma-
terial. In the same way that there are two sets of rules Rg
and Ry that define the conceptual spaces for the Engage-
ment and Reflection stages, two sets can also be considered
for the evaluation of concepts; &g for Engagement and &g
for Reflection.

Concepts and rules

In a conceptual space C, it is possible to find concepts. The
proposal of Sharples (1996) does not indicate a particular
type of concept to be found in a conceptual space other that
written material. Sharples explains that, during Engagement
a writer produces a chain of associated ideas. During Reflec-
tion the material generated in engagement is reviewed and,
possibly, modified.

There are different types of constraints in this account to
develop new written material, for example: knowledge and
experience of the author, materials and resources, the task,
etc.. Constraints have particular definitions but it can be said
that there is a common language to define them. A conve-
nient language of all constraints L could be represented by
expression 1.

Le = Language_of _Constraints (1)

Wiggins (2006) explains that R and 7 sets are needed to
have the rules for the conceptual space and the strategy by
which it will be traversed. In order to build those sets, we
need a common language to define them too. R and T are
defined by the set of constraints. We can use expression 1 to
define a common language.

L=Lc 2)

The set of rules R, which defines C, represent the agreed
nature of what a concept is. R is a subset of £ and can be
described using (2). For this analysis, this account has two
sets of rules; R and R g, for Cg and Cr conceptual spaces.
The expression (3) can be produced.

ReCL, RrCL 3)

By using an interpretation function [.], members of U
which belongs to Cr and Cg conceptual spaces are chosen.
We get the expression 4

Ce =[Re]M), Cr=I[Rr]MU) 4)

Sharples (1996) explains that, during Engagement there
is no evaluation because the writer devotes full attention to
generate the text and therefore it could be said that the set
of evaluation rules £g, for concepts in Cg, is empty. In con-
trast, during Reflection, there is an active evaluation (£g) of
the written material. Expression (5) can be produced.



Ee CL, ErCL (5)

There are also two strategies, 7g and Tr (Engagement

and Reflection strategies respectively), useful to traverse Cg

and Cr conceptual spaces. 7T is a subset of £ and can be
described using expression 2. Expression 6 is produced.

TeCL, TrCL (6)
Wiggins (2006) explains that an interpretation function
{(.,.,.) is needed, which given three well-formed R, 7 and
& sets maps two totally ordered subset of U; c;;,, coyt. The
interpretation function is one, but there are two different sets
of rules constraining the conceptual space R g and R i, two
sets T and Tg for the Engagement and Reflection search
strategies and two sets £ and £r for evaluation of con-
cepts. So, given a c;,, input subset of I, it is possible to
obtain outputs (subsets of If).

Cout_Engagement (Re, Te, E6)(cin)
Cout_Reflection = (Rr. Tr,Er)(cin)

These functions can operate on members of ¢/ and not just
on members of Cr or Cr . They can describe and simulate
behaviours which are not completely well-behaved as sug-
gested by Wiggins (2006).

Aberration in ER-CSF

Wiggins (2006) proposes the term aberration for the situa-
tion when an agent is able to create by 7 another concept
which does not conform to the constraints (R) required for
membership of the conceptual space. Sharples (1996) does
not give a complete definition of the rules that comprise the
conceptual space. In fact he explains that this set of rules
depends on the writer and the particular constraints for a
particular task. Sharples (1996) points out that, some writ-
ing displays such radical originality that we call it creative.
Here, this “radical originality” could be a behaviour where
the product does not conform to the constraints of the con-
ceptual space.

Uninspiration in ER-CSF

For this account of writing, there is no specific definition of
conceptual spaces. It depends on the writer to define a set
of constraints to define the conceptual space, and also the
strategy of the writer.

Sharples (1996) explains that, for example, the resources
the writer uses; paper, pencil, etc., can affect the writing
task. When there is a problem with one of the resources,
that problem can block the writer if there is no alternative
available. This could be an example of generative uninspi-
ration explained by Wiggins (2006), where the strategy does
not allow the writer to find valuable concepts in the concep-
tual space and needs to be changed.

Implementation examples
Example 1: MEXICA

MEXICA is an implementation of the computer model of
creativity E-R proposed by Pérez y Pérez (1999).

The main goal of MEXICA is to produce novel and appro-
priate short stories as a result of an Engagement-Reflection
cycle without the use of predefined story-structures which
was built with many modifiable parameters to experiment
with the process of creating a new story plot (Pérez y Pérez
1999).

MEXICA needs two inputs provided by the user: a set of
Primitive Actions (PA) and a set of Previous Stories (PS).

MEXICA has a number of constraints, they will form the
conceptual spaces and also define the strategies to build a
story.

They are divided in the following categories:

Context Constraints are structures that represent the state
of the current story (Pérez y Pérez 1999).

Knowledge Constraints are constituted by the experience,
knowledge and beliefs of the writer.

Guidelines constrain the material to satisfy the require-
ments of novelty and interest (Pérez y Pérez 1999).

General constraints include rhetorical and content con-
straints not included in the previous classifications. They
are formed by a set of requirements that must be satisfied
by all events retrieved from memory and are necessary for
MEXICA to operate correctly (Pérez y Pérez 1999).

In MEXICA a story is a sequence of events or actions
which are coherent and interesting. An action has pre-
conditions and post-conditions, useful to give coherence to
a story and to know the consequences of the execution of an
action respectively.

When an action is executed, consequences arise and they
generate a story context. Story contexts are useful in MEX-
ICA because they linked an action with the next one.

Having an action linked to the next is not enough. In
MEXICA it is also needed to link an action with the pre-
vious one in order to guarantee coherence, this is how pre-
conditions are taken into account. In MEXICA a coherent
sequence is that where all preconditions of all actions are
satisfied. Here we have an important concept in MEXICA:
coherence. Coherence is a property of stories and they can
only be coherent or non-coherent at a time.

Engagement in MEXICA During Engagement a se-
quence of actions linked by story contexts is produced.
MEXICA retrieves possible next actions from memory us-
ing story contexts. Engagement selects one of the actions
to continue the story appending it to the story in progress
(Pérez y Pérez 1999).

During Engagement MEXICA does not verify if the story
actions satisfy pre-conditions, so sequences of actions with
unsatisfied pre-conditions might be produced (potentially
non-coherent stories).

Reflection in MEXICA In contrast with Engagement, Re-
flection verifies pre-conditions for each action in the story in
progress in order to produce a coherent story. When unful-
filled pre-conditions are detected in the story in progress,
MEXICA fetches an action whose post-conditions satisfy
such unfulfilled pre-conditions and inserts it. The process is
repeated if new actions have unsatisfied preconditions (Pérez



y Pérez 1999) During Reflection, only coherent stories can
be produced.

MEXICA also implements heuristics to test if the story
in progress is interesting. MEXICA assumes that the stories
in the set of PS supplied are interesting and so its Tensional
Representation is a good example to follow (Pérez y Pérez
1999).

Boden (1990) suggests that novelty is one important char-
acteristic of creative acts. Novelty is also considered in
MEXICA and during Reflection, there are rules to assess
novelty. MEXICA verifies if the material produced during
the Engaged state resembles too much any of the tales in the
set of PS (Pérez y Pérez 1999) and if this is the case MEX-
ICA changes the search strategy.

Example 2: Dev E-R

Dev E-R (Aguilar and Pérez Pérez 2015) (Developmen-
tal Engagement-Reflection) is a computational model that,
inspired by Piaget’s theory, simulates the assimilation-
accommodation adaptation process. It is implemented with
the computer model of creativity Engagement-Reflection.
This model simulates adaptation as a creative activity.

In Dev E-R, a development agent is implemented to sim-
ulate the adaptation processes to a particular environment.
The agent is initialised with basic knowledge structures
called schemas, which represent innate behaviours observed
in newborns. It is also capable of creating new knowledge
structures as a consequence of its interaction with the envi-
ronment (Aguilar and Pérez Pérez 2015). The objects with
which it interacts have a number of characteristics the agent
can sense (Aguilar and Pérez Pérez 2015).

When the agent begins to operate it sees objects as static
or in-motion luminous spots which have a position within
the field of vision. The spots detected are used to create
an internal representation of what the agent sees. This rep-
resentation is called the current context (Aguilar and Pérez
Pérez 2015).

At the beginning the agent can not recognise all the visual
characteristics of objects, contexts can only describe bright
spots appearing, moving and disappearing. These contexts
are then used to build schemes. Eventually, through inter-
action with their environment, the agent acquires the ability
to see spots not only as luminous things, but as visual ele-
ments with different colours and sizes. Whenever an object
enters the field of view of the agent, the values of the vari-
ables representing the characteristics of the object increases
in one. When the value of the variable associated with any
of the differentiated colours or sizes reaches a certain pre-
defined value N, then it is said that such a characteristic has
sufficient stimulation and the agent acquires the ability to
recognise it and use it to construct its knowledge structures
(Aguilar and Pérez Pérez 2015).

The current context is a structure composed of 3 parts:
(1) the characteristics of the object that is in the centre of
attention of the agent (colour, size, movement and position),
(2) the affective responses, emotional states and motivations
triggered by such an object, and (3) current expectations of
the agent (Aguilar and Pérez Pérez 2015).

Dev E-R schemes are knowledge structures that simulate
the sensorimotor schemes, which is a psychological con-
struction that gathers together the perceptions and associ-
ated actions involved in the performance of a behaviour.
It includes knowledge about the context in which the be-
haviour was performed, as well as expectations about its ef-
fects (Aguilar and Pérez Pérez 2015).

The agent has adaptation mechanisms to simulate as-
similation, accommodation and cognitive equilibration pro-
cesses. They represent its core component, since they allow
it to develop cognitively through interaction with the virtual
world. This is done either by modifying its perception of the
environment so that it fits the current knowledge (adaptation
by assimilation) or by modifying and producing new knowl-
edge when it does not match reality (adaptation by accom-
modation). This model simulates adaptation as a creative
activity (Aguilar and Pérez Pérez 2015).

The Dev E-R model has two ways of using and building
knowledge of the agent: (1) automatically, through Engage-
ment, and (2) analytically through Reflection (Aguilar and
Pérez Pérez 2015).

Engagement in Dev E-R Engagement takes the current
context and use it as a cue to probe memory in order to match
a scheme that represents a situation similar to the current
one. If the current context matches more than one scheme,
the system selects only one of them. When a scheme is
matched, the agent executes the associated action. Then, the
agent perceives its world again, updates the current context
and the cycle continues If the agent can not associate any
schema an impasse is declared. In this case, it switches to
Reflection (Aguilar and Pérez Pérez 2015).

Reflection in Dev E-R  During Reflection, the agent tries
to analyse the current situation and, with the help of some
pre-defined strategies, tries to deal with the unknown situa-
tions (Aguilar and Pérez Pérez 2015). In Dev E-R, accom-
modation implies the creation of new schemes and the mod-
ification of existing ones as a result of dealing with unfamil-
iar situations (Aguilar and Pérez Pérez 2015). The creation
and modification of the schemes is carried out by means
of the following methods: generalisation or differentiation.
The process of generalisation takes place in two situations:
(1) when the agent recovers an object of interest by chance
and then it generalises that sole experience in an abstract
schema; and (2) when the agent detects that the same action
can recover various objects with different features and then
it generalises this knowledge in an sole schema (Aguilar and
Pérez Pérez 2015).

As aresult of development of the agent, the search mech-
anisms during Engagement change to adapt to the increased
number of experiences.

MEXICA and Dev E-R under the ER-CSF

Two implementations of the Engagement-Reflection model
have been presented. Now they are analysed based on the
ER-CSF model presented in section “An ER-CSF Model”.
Sharples (1996) explains that a writing process depends
on a set of external and internal constraints that will guide
the process. The Engagement and Reflection cycle forms



the cognitive motor of this process considering that set of
constraints.

Also, there are some concepts presented in the ER-CSF
model that should now be related to the implementations ex-
amples.

Universe (/) is the multidimensional space, whose di-
mensions are capable of representing anything. for Sharples
(1996) the set of written materials is the important one. In
MEXICA (Pérez y Pérez 1999), is the set of short stories
about the Mexicas. In Dev E-R (Aguilar and Pérez Pérez
2015) is the set of behaviours of the agent.

Language (£) is a common language from which rules
will be obtained. This language changes for each case be-
cause they are not in the same domain. Sharples’ (1996)
account and MEXICA could be more related because they
generate written materials but they do not consider the same
kind of constraints, so the language is different.

Rules (R) is formed with the set of constraints which
build conceptual spaces. For Sharples (1996), the opera-
tions a writer performs in Engagement and Reflection are
different, and so are the results produced at each stage. In
MEXICA, there are rules for the operation of the system
which form conceptual spaces of coherent or non-coherent
stories. Also, some constraints are useful to an specific
stage. In Dev E-R the agent deals with a set of constraints
which include; objects, properties of those objects, expec-
tations, actions the agent can perform, a number of initial
basic behaviours which will be developed, etc. Engagement
deals with the interaction with the context related to familiar
schemas (behaviours) reinforcing the stimuli of a property
or the pleasure over a particular situation. Reflection deals
with unfamiliar situations from which the system will create
new schemas or synthesise them.

In any case, the set of constraints which define conceptual
spaces are different for Engagement and Reflection and also
the processes are different in each stage and therefore they
produce different results. So, following the ER-CSF model,
there are R and Ry sets of rules to produce two different
conceptual spaces Cr and Cpg, for Engagement and Reflec-
tion respectively.

Traversing strategy (7) represents the strategy by which
an agent produces an output in practical terms. For Sharples
(1996), a writer can have different strategies due to knowl-
edge but also materials. In MEXICA (Pérez y Pérez 1999),
the previous knowledge is important but not the material or
resources. In contrast, Dev E-R (Aguilar and Pérez Pérez
2015) uses a representation of objects which are the sur-
rounding context of the agent and they may represent its
resources or materials, the previous knowledge is also im-
portant but at the beginning is very limited, as the process
goes on it is incremented. T are the rules which define the
way an agent will traverse C.

MEXICA produces a story and Dev E-R produces the
knowledge of the agent, both through the strategy of an
Engagement and Reflection cycle, as explained in section
“Writing as a creative design”. The outcomes of each stage
can be different because they do not perform the same op-
erations to continue a story in progress. So, there are two
sub-strategies, Tg and Tg.

1. Tg to traverse the space Cp. For MEXICA, when the
system is working in the Engagement state and when ac-
tions are being appended using story contexts and no pre-
conditions of any action are verified and when the agent
faces familiar situations and updates existing schemas for
Dev E-R.

2. Tg to traverse the space Cr. For MEXICA, when, in or-

der to produce a coherent story, pre-conditions are verified
and when Engagement is not able to retrieve actions from
memory to continue the story in progress and an impasse
is declared. And for Dev E-R when the agent faces unfa-
miliar situations and it needs to adapt to that situation by
creating schemas or synthesising them.

Evaluation (&) It was explained by Sharples (1996) that
no specific goals are established and that there is no spe-
cific evaluation function of the material because the design
task is an open-ended problem. But he also explains that at
some point some evaluation should be made. MEXICA does
not have evaluation rules during Engagement but it has rules
to evaluate novelty and interest implemented in Reflection.
Depending on the result of the evaluation, guidelines might
be updated and the strategy 7 might change (this may be
seen as strategy-transformation, 7-transformational creativ-
ity in Wiggins’ (2006) terms). Dev E-R has rules to evaluate
novelty and adaptation of the agent to the virtual world, but
in contrast with the ER-CSF model, this does not happen
in a particular stage. We can say that both stages have the
same set of rules for evaluation. MEXICA in the origi-
nal model and Dev E-R do not have specific goals to eval-
uate the outputs, but Pérez y Pérez (2015) introduces a new
model for MEXICA for evaluating its outputs. In this new
model two instances of MEXICA work together to produce
a story, they have different sets of PS but when the story
is finished they incorporate the new story to their knowl-
edge structures, so, they change, producing more structures
or widening the existing ones, This is a relevant characteris-
tic and will be analysed in a future work but for this analysis,
we will continue using the original model in order to have a
solid starting point.

As explained in section “Writing as a creative design”,
there could be evaluation during each stage, so, two sets can
also be considered for the evaluation of concepts; £ for
Engagement and g, for Reflection.

Concepts and conceptual spaces are different for this ex-
amples, but they all need the rules to build the conceptual
spaces from their particular definition of a concept. A com-
mon language is needed to define the rules of this model.
From this language we can be able to define the conceptual
space(s), strategies and evaluation rules.

From section “An ER-CSF Model” we can use expression
1 to produce a common language even if the constraints are
different for this examples. We also can generate the sets of
rules R and R g with the expression 3.

With the sets of rules R and Ry defined, we can use
an interpretation function to chose members of / which be-
longs to Cr and Cr conceptual spaces as it was shown in
expression 4.

Following the description in section “An ER-CSF



Model”, we can produce sets of rules for evaluation.
Sharples (1996) explains that, during Engagement there is
no evaluation because the writer devotes full attention to
generate the text and therefore it could be said that the set
of evaluation rules for Engagement £, for concepts in Cg,
is empty and the same can be said about MEXICA, so we
get & = . These are special cases we can get from ex-
pression 5 in section “An ER-CSF Model”. And finally we
can get search strategies for both systems using expression
6.

Aberration Pérez y Pérez (1999) explains that in MEX-
ICA a story is a sequence of actions, but it is also important
that the sequences of actions are logical and coherent. A
logic and coherent sequence of actions is that where the pre-
conditions of all actions in the sequence are satisfied (Pérez
y Pérez 1999).

In Engagement there is no guarantee to produce a coher-
ent story. Furthermore, when Engagement receives a co-
herent story from Reflection, it appends a new action to the
story and that operation can modify the story producing a
potentially non-coherent story. When a non-coherent story
is generated, that story does not conform to the constraint of
‘R r and is, therefore, an aberrant concept for Reflection.

What is important to notice here is that as part of the
MEXICA process the system is exploring options out of the
scope of the main objective of MEXICA (out of the scope
of Cg too, therefore aberrant concepts) which is to produce
coherent stories.

In Dev E-R the concepts that can be generated can only
refer to the virtual world in which the agent is developing,
the objects in the world and their characteristics, and also
to the action the agent can perform. There are many vari-
ations but all concepts that can be generated meet the rules
of the conceptual space, so it is not possible to find aberrant
concepts.

Uninspiration In MEXICA and Dev E-R, when Engage-
ment is not able to find actions or schemas related to the cur-
rent context an impasse is declared. The search strategy Tg
is not being able to create a new concept. This can be seen
as uninspiration in Wiggins’ (Wiggins 2006) terms. When
the uninspiration is due to the generative process it can be
fixed by changing the strategy 7. MEXICA and Dev E-R
can break an impasse by switching to Reflection and they
both change the current context adding a new action or ap-
plying a change in the state of the agent (e.g. to move its
head) or its knowledge.

Once Reflection has changed the context, the system
switches to Engagement but now it can be considered that
strategy Tg has changed because different knowledge con-
straints and, guidelines for MEXICA, are available.

This implementation examples are basically the same in
terms of the model but have differences regarding the eval-
uation rules, specifically £g. MEXICA has an empty set
of evaluation rules for engagement (the same as Sharples’
(1996) account), but Dev E-R has the same set of rules for
Engagement than for Reflection £ = Er. They are also dif-
ferent because Dev E-R can not generate aberrant concepts
and MEXICA can.

Conclusions

Sharples’ (1996) proposal, in which it is explained that, a
writing process is guided by constraints and by an Engage-
ment and Reflection cycle has been analysed using the Cre-
ative Systems Framework (CSF: Wiggins 2006) to achieve
a better understanding of this model and to better apply it in
computer systems.

Two examples have been shown that implement in a com-
putational system an Engagement and Reflection cycle that
guided by a set of constraints produce a result. The examples
shown have been analysed based on the review of Sharples’
proposal under the CSF. We conclude that the model product
of this analysis shows particular characteristics of operation
for each stage of the cycle and therefore the results are not
always the same. Also, the constraints are used differently
in each stage and that affects the results.

This analysis shows a clear differentiation between the
conceptual spaces, rules that define them, strategies and
evaluation for Engagement and Reflection. This differentia-
tion makes an important contribution in the systems since it
allows the system to explore conceptual spaces whose mem-
bers may not belong to its conceptual space. It is also im-
portant to notice how one stage can modify the way the other
operates, changing the constraints.
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