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ARTICLE INFO ABSTRACT

Keywords: Differently from traditional narratives, which focus on the output, i.e. the oral or written text, interactive digital
Interactive Digital Narratives narratives provide a more holistic view of the storytelling process, considering as integral part of it the system,
Childfe“ the user, the process and the output. In this framework, the procedural nature of IDN as a reactive and generative
]S“:Z:;::ling system becomes prominent. Such an approach is particularly interesting when considering educational appli-

cations of IDN and how they can support early literacy practices in pre-and primary school children. Here, we
take a close look into the procedural nature of IDN, presenting observations and results from two pilot studies
carried out with six to seven-years old children, arguing that interactive digital narratives can provide a window
into (i) how the children plan their story, (ii) how, along the storytelling process, the children learn the rules and
constraints provided by the IDN system, which they appropriate and incorporate in their storytelling to achieve a
certain output, (iii) how the children empathize with the story characters, diving into the story world and (iv)
how the system provides opportunities for mediating new knowledge in a meaningful way, which was visible e.g.

Interactive process
Digital manipulatives

in the way the children immediately appropriated and used the new conveyed vocabulary.

1. Introduction

Storytelling may be the most ancient way to communicate ideas,
thoughts and events, contributing to and being a key dimension of
children’s social, cognitive and affective development [1-4]. According
to Bruner [5], we organize our experience in the form of narratives and
at the same time narratives operate as a tool for the construction of
reality. This is particularly relevant for children as they are in the pro-
cess of creating their own identity and finding their place in the world
[4,6,7]. A fundamental part of this process is to become literate.
Research has shown that children’s early exposure to narratives, i.e.,
hearing or telling stories, plays a fundamental role in the development of
children’s early literacy skills [8,9,4,1,10]. Engaging with stories also
promotes the development of a “memory framework”, i.e., the ability to
remember and effortlessly analyze new stories, anticipating informa-
tion, facilitating the understanding and retelling of new stories [9],
which in turn facilitates the construction of meaning, as well as the
creation of new stories [11].

Since the nineties, storytelling has been a topic of investigation
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across different fields, such as Human-Computer Interaction (HCI),
Child-Computer Interaction (CCI), Artificial Intelligence [12] and
Games, which have explored the potential of interactivity, multimedia
and embodiment to foster engagement, fun, playful learning and crea-
tivity [13]. Giannakos et al. [14] identified storytelling as one of the
major research themes in CCI for the period 2013-2018, which in
connection with collaboration, creativity, tangibles, and interactive
surfaces has become one of two motor themes in CCI research [14:8,9].
Another review [15] that analyzed all full papers from the Interaction
Design and Children Conference (IDC) from 2003 to 2016, identified
‘collective storytelling’ as a strong concept in CCI. Overall, these in-
vestigations have resulted in the development of a variety of storytelling
tools for children, targeting the development of various skills, such as
language and literacy skills [16], collaboration and social skills [17-19]
or creativity [20,21], among others. Storytelling systems have also
become popular in public spaces, such as libraries [22] or science
[23,24] and museum contexts [25,26].

This well-established body of research has provided valuable con-
tributions, here we focus particularly on the potential of Interactive
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Digital Narrative (IDN) storytelling systems for literacy development.
Our investigation is driven by two central aspects: (i) a great part of
research in CCI has primarily focused on technical development and on
artefacts-centered evaluations [13,14], which are often developed for
single use [12,27]; and on the other side, (ii) most studies on literary
studies focus on the product, paying relatively little attention to the
interactive storytelling process. In this context, researchers and practi-
tioners, at the crossroad between IDN, narratology and HCI, have
described and designed computer-mediated narrative experiences by
integrating formal and structural theories [28]. Research in Interactive
Digital Narratives has also called out the need for updated theoretical
discussion on newer forms of interactive narrative construction [29].

Here, we present an expanded version of the paper which appeared
in the ICIDS 2020 proceedings [30]. Our aim is to investigate the po-
tential of the procedural nature of IDN as a learning opportunity. The
research question that guides this paper is: To which extent can a close
look at the IDN narrative process inform early literacy development? To
answer it, we analyse the process that takes place between the users and
an IDN system while creating a narrative (i.e. the output). Outgoing
from our results, we argue that this is a major aspect to be explored in
the design of IDN educational applications.

Concerning the scope of this paper, it is relevant to mention that our
goal is not to diminish the value of the well-established approaches that
focus on the pedagogical possibilities and contributions of the narrative
itself and its structure, aligned with the classical narratology theory and
therefore mainly related to narrative in traditional media. Rather, we
argue that investigations about the specific characteristics of IDN and its
relation to education are a fruitful area for new insights, thus the main
contribution of this paper is to better understand the pedagogical po-
tential of IDN.

We begin by discussing the key points in which a specific theory of
IDN differs from the classical narratology theory and narratives in
traditional media. We then characterize the procedural nature of IDN as
an element which promotes young children’s linguistic competences
during storytelling. Finally, we present an IDN authoring tool, and
discuss the results of two pilot studies carried out with it to illustrate
how the procedural nature of IDN plays a relevant role in the creation of
stories by children supported by the authoring tool.

2. Narratives in traditional media versus Interactive Digital
Narratives

According to Montford [31], an Interactive Fiction (or IDN) artefact/
system is more complex than the narrative itself, as it contains the sys-
tem, the process and the output (i.e. the narrative). Differently from
classical narratology models that focus on the output, a fundamental
part of an IDN output is shaped and results from the interactive process
that takes place between the user and the system. In view of this, an IDN
framework needs to consider both the system (i.e. software/hardware)
and how the user interacts with it (i.e. the process), which together
produce the output [32]. The procedural nature of IDN results from a
“reactive and generative system” [32:97], composed of “system, process,
and product”. Although we do not explore the notion of ‘procedural
rhetoric’ proposed by Bogost [33], his definition of procedures or pro-
cesses as a set of constraints based on rule-based models (algorithms)
that generate behaviours and ‘“create possibility spaces, which can be
explored through play” [33:122] is useful here to highlight the role of
the system and the possibilities that it provides for narrative creation, in
the IDN process.

More specifically, an IDN system comprises the hardware, the digital
artefact, which includes the executable programming code and the vir-
tual assets. The system is a container of potential narratives, which are
structured through the ‘protostory, the narrative design and the narra-
tive vectors’ [32]. The protostory entails potential narratives; the
narrative design refers to the structure of the protostory that enables a
flexible presentation of a narrative; and the narrative vectors are the
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substructures that provide a specific direction to the story [32]. The
second defining element of an IDN system is the interactive process that
takes place between the system and the user/s, and which is defined by
the opportunities the system provides and shaped by the user’s actions.
The interactions performed by the user with the system are fundamental
to the output and represent a key distinction between IDN and narrative
in traditional media. The third defining element of an IDN system, the
product, is classified as an instantiated product, since the participatory
process and the procedural nature of IDN make different narrative
outputs possible [32].

In sum, an IDN can be defined as “an expressive narrative form in
digital media implemented as a computational system containing po-
tential narratives and experienced through a participatory process that
results in products representing instantiated narratives” [32:98].
Building on this model, we highlight the central role of the user as a key
element in generating an IDN output. In this sense, a full analysis of IDN
needs to include the three discussed elements: system, process and
product, as well as the user, who is a cross-cutting element in IDN [30].
Thus, the shift from an output-centred view to a procedural account is
the key difference between the applications of traditional narrative
theories to IDN [34,35, among others] and a specific theory of IDN.
Based on this shift, we argue that this procedural nature represents a
new learning opportunity, from which educational applications of IDN
can benefit.

3. Key contributions of the procedural nature of IDN to early
literacy

The shift from an output-centred view to a procedural account dis-
cussed in the previous section moves the core contribution of IDN to
early literacy from the narrative itself to the interactive creation process.
In this sense, we argue that the design of educational applications to
foster early literacy can benefit from considering the aspects in which
IDN differs from other narrative forms.

While in more traditional narrative forms only the output (in the
form of an oral or written text) is available for analysis - and it is only
possible to speculate about the author’s thoughts and her writing pro-
cess - with IDN, it is possible to record and analyse the output, as well as
to analyse two other elements: the system and the interaction process
that takes place between the users and the system. So, a specific IDN
framework is composed by system-interaction-output (which can be
fixed) [32], as opposed to the established theoretical narrative frame-
work used in traditional media, which is composed by an author-
writing-output (fixed). In this context, an IDN analysis would reveal
not only aspects of the narrative structure but also how particular in-
teractions guide the construction of new learnings and shape the output.
This becomes possible since the procedural nature of IDN allows to look
at the system’s configurations and observe the participant’s exploratory
process of creating a narrative. Within this framework, the procedural
nature of IDN as a reactive and generative system expands the possi-
bilities of IDN educational applications, representing a convergence
point between the IDN theoretical framework and the educational
context that might lead to new insights. One relevant contribution, for
instance, is that the obligatory interactive process when producing the
output of a specific IDN, as well as the possibility to record and analyse
this process makes the activity of planning and creating stories more
concrete and transparent, just as the activity of teaching how to plan and
how to create stories.

The participatory process concretely guided by the system’s config-
urations that takes place during the storytelling supported by IDN sys-
tems brings up two crucial aspects of young children’s language
development. The first one is the embodied cognition, which is sup-
ported by the system in the pedagogical uses of IDN. The second is the
interaction, promoted by the process through which a narrative is
created [30].

Considering the embodied cognition, it is known that children refer
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back to their own experience of reality, as well as to what they know
from their repertoire of narratives to understand and create narratives.
As narrators, children place themselves at a distance from the momen-
tary situation, imagine something, remember, and participate in the
portrayed reality. This is a demanding process, and research has called
attention to children’s need for structures that scaffold them in these
tasks, which are intrinsically related to the embodied cognition theory
[36]. The claim that system configurations in line with the user’s bodily
and social interactions foster the development of storytelling skills is
supported by the understanding that children assimilate and produce
narratives in connection with their own embodied experience and with
other narratives. In this context, an IDN system can provide scaffolding
structures to young children by: (i) structuring the space of potential
narratives through the protostory; (ii) guiding flexible presentations of a
narrative through the narrative design; and (iii) determining possible
directions to the story through the narrative vectors [30].

Considering the obligatory interaction (whether with the system or
with the system and other individuals at the same time) to produce the
output, IDN educational applications enhance the mediative nature of
learning advocated by socio-cultural theories. Considering that the
development of thought is determined by language, that is, by the lin-
guistic instruments of thought and by the socio-cultural experience of
the child [37], it is possible to argue that learning occurs through a
mediative process, either by means of signs or by means of human
mediation. In consonance with this approach, we argue that the IDN
interactive process accentuates the role of mediation as an important
semiotic mechanism of learning. Here, it is particularly relevant to
consider the role of the user not just in the creation process, but also in
her interaction with the system. The user is, therefore, the central
element that articulates the IDN as a meaningful whole and potentiates
IDN as a learning tool [30]. This is a relevant aspect to be considered in
IDN educational applications, supported by recent research that has
identified the need of fostering interaction with and through the artefact
as a more knowledgeable other [38]. In order to highlight this process,
in the following section we present and discuss two pilot studies carried
out with an IDN digital manipulative. We start by presenting the tool,
and then describe the studies.

4. The IDN authoring tool

The digital manipulative is a storytelling authoring tool directed to
young children that uses physical blocks to promote the creation of
collaborative intercultural narratives. Based on the assumption that it is
of major importance to develop child centered learning materials [39],
its development followed an iterative and participatory design meth-
odology, involving children and teachers along its development. The
blocks communicate with a computer or tablet via Bluetooth, and with
each other through magnets embedded on the sides of each block. The
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physicality of the input devices (the blocks) allows their sharing among
the users, promoting collaboration and generating a form of democratic
interactions, giving children equal power to manipulate and interact
with the device [40], this way encouraging social interaction and
collaboration. At the same time, the physical blocks contribute to the
children’s awareness, control and accessibility to different kinds of ac-
tions [41].

Each physical block embodies a story element having the respective
visual representation on the upper face (see Fig. 1).

Connecting the blocks to each other triggers its digital representation
on a device’s screen. Presently, the blocks comprise eight cultural sets, i.
e., India, Brazil, China, Portugal, Germany, Angola, Turkey and Cape
Verde. Each set aims at representing elements from the respective cul-
ture and is composed of a landscape, a girl and a boy protagonist, an
animal, an antagonist, a musical instrument and a magical object. There
are also five blocks that simulate different atmospheric conditions (rain,
snow, wind, thunder, night), as well as music, sounds of the characters,
the instruments and ambient sounds. Each element has specific anima-
tions that display different actions. The visual narratives unfold ac-
cording to the combination of blocks that the users connect to each
other. Children can change the scene, mix and remix the elements, try
out different plots, shift direction and start all over again. As the system
provides visual and auditory feedback in the form of sounds from the
characters and music from the instruments, children can imagine and
create their own spoken narratives.

According to the IDN narrative framework proposed by Koenitz [32],
it is possible to argue that the protostory of this authoring tool is defined
by the space of possible stories embedded in the narrative elements, as
well as by the constraints provided by the programming code and the
interactive interface. Each narrative element behaves according to a
behaviour tree, a method often used in the field of computer games to
model character behaviour, reactive decision-making and control of
virtual characters [42]. The behaviour trees define the actions of all
narrative elements; i.e. each element interacts with the environment
according to a set of predefined rules that define its behaviour and the
relations to the other elements. As the behaviour triggered for each
element depends on the other active elements and the properties of those
elements, there is a certain degree of unpredictability in the outcome of
a given situation. For instance, if there are more than two “good ele-
ments”, i.e. two protagonists and one animal, and just one antagonist on
the scene, the antagonist will become afraid and won’t attack, however
this changes if another antagonist is added to the scene. This way the
narrative design opens up a space for experimentation and agency.

Similar to other IDN systems, the storytelling process with this tool is
intrinsically interactive and it can engage one or several participants.
The tool offers a space for exploring storytelling within a multimodal
(tactile, verbal, visual and auditory) embodied (through manipulation)
collaborative environment. Users may also record the output of the

Fig. 1. The blocks (left), the interface prepared for use at school (right).
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interactive digital narrative walkthrough, i.e., the instantiated narrative.
In this sense, another relevant contribution of this model is that the
instantiated narrative can be analysed considering the specificity of the
digital manipulative’s narrative design, which is defined by certain
narrative vectors, instead of applying “the output-centred view of legacy
theoretical frameworks’ [32:97].

4.1. Pilot study: A close look into the procedural nature of IDN

In this section, we present two pilot studies carried out with the
authoring tool. The study aimed at gathering observational data and
information about children’s exploratory process of creating a narrative
supported by the IDN system in order to analyse not only the output
(that is, the narrative itself), but also how particular interactions per-
formed during the storytelling process may shape the output.

4.1.1. Methods

We conducted two pilot studies with a total of 22 children. All
children were first graders, aged between six and seven years old. The
first pilot took place within a home context in Brazil. The second pilot
took place in a primary school in Portugal. All participant children use
tablets and different educational digital media regularly. The studies
were presented to the children’s parents and their teacher respectively.
All parents gave their informed consent and signed a statement of
agreement. The children were informed that they were free to withdraw
from the activity at any time. We have translated children’s verbal-
isations from Portuguese into English, thereby we have tried to be as
faithful as possible to the original language.

In the following we discuss the intervention. Given the detailed
analysis of each narrative process, we present excerpts from just four
children (two pairs) that are representative of children’s narrative
construction during both pilot studies. That is, the patterns of interac-
tion highlighted here were identified across the groups. We selected one
pair from each pilot in order to have a more diverse sample, considering
the constraints of length of this text. We will refer to the children as A.
(girl) and P. (boy) - from the home context in Brazil, and L. (boy) and M.
(girl) - from the school context in Portugal.

4.1.2. Procedure

The children interacted in pairs with the digital manipulative. One
researcher conducted the studies, the other stood in the background
collecting the data. The facilitator researcher started by giving a brief
explanation of the functioning of the IDN system. After that, the children
interacted and explored the tool for around 15 min. Following the
exploratory phase, the researcher invited them to tell a story using the
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4.1.3. Data collection and methodology

The pilot studies followed a qualitative, explorative and inductive
methodology. Thus, the children were able to collaborate with each
other, without interruptions from the researchers, and learn how to use
the system. This method was selected in consonance with the intent of
describing and analyzing the process of narrative creation in this context
of application. Since our goal has a descriptive nature, there was no
preliminary hypothesis to be validated or rebutted.

The data was collected through observations and field notes. All the
interactions were audio-video recorded using a video camera on a
tripod with a fixed focus and zoom. The video camera was placed behind
the children focusing on the manipulation of the blocks. The children
were informed about and shown the camera and did not pay any further
attention to it.

In order to keep a fresh record from the observations, the researchers
noted impressions of the intervention directly after the sessions, this way
contributing to a more reliable analysis of the data [43]. The video re-
cordings were later transcribed and analysed (see Fig. 2).

4.2. Zooming into the storytelling process

In order to analyse how particular interactions with the digital
manipulative during the process of the storytelling may shape the
narrative output, we (i) begin by presenting the written version of two
narratives recorded during the pilot studies, (ii) select passages from the
texts to be used as a window to look into the interactive process, and (iii)
describe the interactions that may have motivated, shaped or influenced
such narratives’ passages. The interactions are illustrated through vi-
gnettes selected for their relevance as representative of children’s
experience with the digital manipulative in the process of creating their
narratives.

4.2.1. Narrative 1

“Once upon a time, there was a city, there were two boys...no, one boy
and a girl...then it appeared...a squirrel! They were friends, but one day
the squirrel disappeared.

They were laughing and laughing and, suddenly, it appeared a gnome;
the gnome that had captured the squirrel! And then they found a weapon
and they attacked the gnome and then they won, and the squirrel came
back!

Then a weird person appeared, someone that was not from our country.
They were scared, but suddenly they attacked him, and he was trans-
formed into a boy. And they lived happily ever after! The end!”

Fig. 2. Pilot studies: Intervention session with the children (left: home context, right: at school).
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A range of different analyses can be performed of this small narrative
created by the two six-years-old children. If we look exclusively at the
output, it is possible to analyse the sequence of narrated events, the
connectors used by the authors, the vocabulary chosen, and so on.
However, we argue that the change of the focus of the analysis from the
product itself to the process, made possible by the procedural nature of
IDN, reveals some competences and learnings that are not perceived
through a traditional output-centred approach. The vignettes presented
below zoom into the storytelling process, reproducing situations related
to key passages of the narrative and, to a certain extent, highlight and
convey the contributions of the interactive process and of the system to
the instantiated narratives, disclosing the procedural nature of IDN as a
learning opportunity.

4.2.2. Narrative 1- Vignette 1: Once upon a time, there was a city...

The researcher invites the children to tell a story together, using the
digital manipulative. P. starts by selecting some blocks, while saying “I
know, I know...”. A. says [and makes a stop gesture with her hand]
“calm down, let’s first select which ones we are going to use...” [she
starts selecting some blocks] “we are going to use this one at the end, this
one too...”. P. connects the German landscape [which was one of the
blocks selected by A.] and starts “once upon a time, there was a city...”.
A. interrupts him, disconnects the block and says “no, no, no, disconnect
this...wait...” and continues separating the blocks.

Relevance and relation to the output: This vignette illustrates the
strategy adopted by A. to plan the storytelling. She looks at all the
available blocks to think about which ones will be used during the
narrative. So, when P. connects the German landscape and starts
narrating “once upon a time, there was a city...”, A. asks him to stop and
wait, indicating that she wanted to plan the whole text before starting
the storytelling (for this she wanted to select some specific blocks). This
is an example of how the activity of planning and creating stories can
become more visible and concrete with the support of an IDN system.
This is relevant, since (i) the process of creating a narrative can be a
challenging and abstract task for young children, and (ii) this under-
standing is only possible in an analysis that goes beyond the narrative
itself.

4.2.3. Narrative 1- Vignette 2: It appeared a gnome

P. connects the German antagonist and laughs. A. asks “what is
this?”. The researcher answers “This is a gnome. It is a very common
character in German stories”. A. “Oh, he is afraid!” [referring to the
German boy in the scene] “Oops!” [looking for something to ‘help’ the
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protagonists]. The researcher says “try this one” [giving them the in-
strument]. A. connects the instrument, and the German boy starts
playing the accordion. A. laughs and sighs relieved, saying “that’s
funny”, and after some seconds she says “go away evil gnome!” [dis-
connecting the German antagonist], (see Fig. 3).

Relevance and relation to the output: This vignette illustrates (i) the
process of knowing the digital manipulative and learning its rules
(discovering that the protagonists are afraid of the antagonist, that the
gnome is an antagonist, and that they can use the instrument to avoid
attacks), (ii) children’s empathy/solidarity with the protagonists
(concern with their reactions), (iii) children’s immersion into the story
world (they speak to the characters), (iv) an opportunity to learn about
unknown elements (the gnome). All these aspects can be related to the
instantiated narrative, specifically when they introduce the “gnome”.
The fact that this character is introduced as the one who “captured the
squirrel” can be related to the previous discovery that he was an
antagonist, as well as the fact that the other characters fight with the
gnome to help the squirrel (with which children are sympathetic). So,
the child defines the introduction of new elements scaffold by the
possible directions of the story, which is determined by the narrative
vectors within the protostory. The appropriate use of the vocabulary
they have learnt during the interaction is another relevant aspect to
highlight, since this linguistic choice in the instantiated narrative is not
random, but rather it is shaped by the interactive process.

4.2.4. Narrative 1- Vignette 3: Someone that was not from our country

A. continues the storytelling “they were friends, but one day the
squirrel disappeared and...”. P. connects the antagonist and completes
A.’s sentence “and a gnome appeared!”. A. disconnects the antagonist
and complains “No! Not this one! Wait” [talking to P.], then she con-
tinues, now talking to the characters on the screen “Calm down, Maria
and Joao!” [She looks at P., smiles and says “I gave names to them”],
(see Fig. 4).

Relevance and relation to the output: This vignette is interesting,
because it helps to understand the use of the pronoun ‘our’ in the final
part of the narrative. Although the text has a third person narrator, in
this passage, A. includes themselves in the narrative by saying ‘our
country’, creating a connection between them and the story world. The
interaction described in this vignette happened some minutes before the
creation of the final narrative and illustrates children’s involvement
with the characters along the process. A. gives names to the characters
and asks them to ‘calm down’ after seeing that they were scared when
the antagonist was connected. So, the fact that they have included

Fig. 3. Narrative 1 - Vignette 2: Elements on scene during vignette 2.
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Fig. 4. Narrative 1 - Vignette 3: Elements on scene during vignette 3.

themselves into the story world by using the expression ‘our country’
may be related to their involvement and sympathy with the characters.
Therefore, a use of the language that could even be evaluated as an error
according to an output-centred approach, when analyzed from a pro-
cedural perspective, acquires another meaning. It is also interesting that
the children refer to the notion of “country”, which indicates that (i)
they have identified the German scenario as representing a certain place,
(ii) and this place is different from the ones they know. Again, this aspect
provides opportunities for learning.

4.2.5. Narrative 1- Vignette 4: Then they found a weapon

A. is telling the story “the gnome that had captured the squirrel! And
then they found a weapon...” [P. connects the German object and both
look at the screen to see what happens]. The researcher asks “do you
know what this is? It is a ‘cone’ that children in Germany receive on their
first day at school; it is a cone full of candies”. A. and P. listen to the
information and continue looking at the animation on the screen. [Some
minutes later] P. is actively telling another story and A. is helping him.
He is using the German Set. The following blocks are connected: sce-
nario, boy, girl and antagonist. P. connects the object and says “she has
got the weapon”. The researcher asks “do you remember what this object
is?”. A. quickly answers, “this is a thing full of candies that they receive
on their first day at school”. P. complements “It’s a cone!”. The
researcher asks “and are they using it to defend themselves?”. Both
answer “Yes!” and go back to the story (see Fig. 5).

Relevance and relation to the output: This vignette illustrates how the
interactive process creates a meditative learning environment, accen-
tuating the role of mediation as an important semiotic mechanism of
learning. Thus, it provided an opportunity for a more knowledgeable
person (here the researcher) to naturally introduce new information
(about the German object). The interaction during the process of
creating the story opened up an opportunity for new learnings. Again,
the possibility to look at this kind of process represents a relevant aspect
to be considered in IDN educational applications, since it helps teachers
and educators to understand and to access the students’ learning process
and at the same time it provides opportunities to introduce new learn-
ings naturally.

4.2.6. Narrative 2

“Once upon a time, there was a dragon that was walking and then it
started flying and then a boy came and the boy got scared, and then the
thunderstorm started and the boy fell to the floor, he died and dis-
appeared. What a strange thing!

Then the boy came back and he started to turn into a skeleton and then
the fan appeared, the night came and it got dark and they slept.”

4.2.7. Narrative 2 - Vignette 1: Once upon a time, there was a dragon

M. starts choosing the blocks they will use in their storytelling, after a
while she says: “I've already put mines here” (referring to the elements
she has chosen for her story). L. starts narrating. M. connects the blocks

Fig. 5. Narrative 1 - Vignette 4: Blocks connected and elements on scene during vignette 4.
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as L. mentions them. M. puts the elements on stage, L. watches the in-
teractions on screen and narrates them, using them as a scaffold to
construct the narrative.

At some moments during their story telling, they also exchange ideas
about how to proceed: e.g., L. asks: “Shall we use rain, storm, snow or
the night?”. Then they start planning another narrative: M. says:” Shall
we change the landscape?”; L. “Yes!... Istanbul?”; M. You have another
one here [pointing to a landscape block]; L. “There... there are the other
landscapes” [pointing to the other landscape blocks].

Relevance and relation to the output: This vignette illustrates the
strategy adopted by L. and M. to construct their storytelling. It is
interesting to highlight that it was a different strategy than the one
adopted by A. and P. in the previous narrative, however the originally
complex and abstract process of creating a story becomes more visible
and concrete with the support of an IDN system. Thus, the output is
shaped by this strategy, in which the narrative process is supported by
the narrative design.

4.2.8. Narrative 2 - Vignette 2: He started to turn into a skeleton

L. is narrating, he says “Then the boy came back and he started to turn
into a skeleton”. M. interrupts him: “But we don’t have a skeleton block!”;
L. says “I know, look” [pointing to the screen - when the characters are
struck by lightning, their silhouette turns black and their skeleton ap-
pears] (see Fig. 6). Then, they continue the narration.

Relevance and relation to the output: This vignette illustrates children’s
discovery of one of the system’s rules. L. included the skeleton in his
story motivated by the characteristics of an element (the thunderstorm)
within the protostory, a propriety of the system that he already knew.
When M. was surprised by his narration, he asked her to pay attention to
the interactions in order to understand his choice of words. On the one
hand, the rules of the system support the storytelling, on the other, the
way children use the story elements is a trace of the learnings developed
during the interaction with the system.

4.2.9. Narrative 2 - Vignette 3: The fan appeared

M. and L. start exploring the digital manipulative. L. takes the chi-
nese object block (a fan) and says “I’ll connect the fan!”; the researcher
asks “Do you like this object?”; and L. answers “Yes! I've already made
many paper fans with my mom!”.

Relevance and relation to the output: This vignette describes the
moment when L. related a story element with his personal experience.
During the free interaction with the system, he used the fan more than
once and, finally, during the narrative creation, he chose this object
again. So, although the presence of the fan seems to be out of context in
the narrative (why would the character need a fan during a thunder-
storm?), it is possible to understand the reason why L. included it in the
story when we look at the whole process.

The narratives and vignettes illustrate how a more comprehensive
analysis of the system, the process and the output represents an oppor-
tunity to intensify the dialogue between the theoretical model of IDN
and early literacy practices. We argue that a close look into the story-
telling process as presented here opens a window into the student’s
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learning process, supporting researchers and educators to guide and to
better understand the development of the students’ language and
narrative skills.

5. Conclusion

The above presented vignettes allow us to zoom into the storytelling
process mediated by the system and carried out by the children.
Differently from a narrative analysis focused on the output, the articu-
lation of system, user, process and output provides a window into chil-
dren’s thinking, i.e. in the way they construct their narratives,
discovering and appropriating the rules and constraints of the system
and incorporating new acquired knowledge.

Together the vignettes reveal:

(i) how the children planned their story, an abstract process, which
here was facilitated by the physicality of the narrative elements
(in the form of blocks) as well as by the immediate visual feed-
back provided by the system. Before starting their story or even
during the storytelling, the children looked at the available story
elements, sorted, divided, grouped and decided which ones they
would use in their narrative (embodied cognition supported by
the system). While doing this, children reflect about the narrative
construction, i.e. the structure and the content of their stories,
therefore developing meta-narrative awareness [9];

(>ii) how along the storytelling process, the children learned the rules
and constraints provided by the IDN system, which they appro-
priately incorporated in their storytelling to achieve a certain
output (interaction, promoted by the process);

(iii) how the children empathized with the story characters, person-
alizing the characters, giving them names, and talking to them as
if they were part of the same world. This also provides insights
into the process of diving into the story world and stepping out
(when taking distance and planning the story) strongly contrib-
uting to intrinsic learning [44];

(iv) how the system provided opportunities for mediating new
knowledge in a meaningful way, which was visible in the way the
children immediately appropriated and used the new vocabulary.

In sum, our investigation showed how the procedural nature of the
IDN tool enabled a collaborative, participatory process, which was
guided by the system’s configurations. The IDN system scaffolded young
children’s storytelling by structuring the space of potential narratives
through the protostory, guiding a flexible narrative through the narra-
tive design, and determining possible directions to the story through the
narrative vectors. As discussed above, this process brings to light two
crucial aspects of young children’s language development: embodied
cognition (supported by the system) and interaction (promoted by the
process).

In this sense, a myriad of pedagogical applications can be explored.
For instance, IDN systems could be incorporated into formal education
settings through early literacy projects in which the process of narrative

Fig. 6. Narrative 2 - Vignettes 2, 3: The elements hit by the thunderstorm (left); the fan appeared (right).
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creation is more important than the narrative itself, so the teacher could
use the system’s properties to support students and to foster interaction
among them. IDN can also be used as a playful activity to introduce new
content (e.g., intercultural awareness) and new vocabulary. IDN systems
may be used to support dramatic play, which is one of the primary ways
through which children engage with the world. These are only some
possibilities that need to be investigated and detailed in future work.
Furthermore, we are aware that the insights presented in this paper need
to undergo an in-depth analysis, which requires long-term studies with a
larger group of participants (such studies are underway).

Finally, the results of the pilot studies presented here allow us to
conclude that the system’s configurations aligned with the user’s bodily
and social interactions establish the procedural nature of IDN as a
learning opportunity, fostering the development of storytelling compe-
tences. Therefore, the shift from the product to the process represents a
fertile ground to the dialogue between the IDN framework and the
educational context. Such an approach is particularly interesting when
considering educational applications of IDN and how they can support
early literacy practices in pre-and primary school children.
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