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ABSTRACT

Dyslexia has a significant impact in the development of literacy skills, which represent a crucial factor in success at school. Analyzing oral traditions in their function to preserve cultural capital, we come upon astonishing similarities with study patterns used for and by dyslexic individuals, in their effort to understand and use written material. We propose an educational interactive storytelling application, which aims in the facilitation of literacy skills through narrative comprehension and recall in dyslexic children. We will examine a cognitive model of narrative comprehension, review a set of study skills for dyslexic learners and propose a narrative framework based on the structure of myth and a teaching and assessment method for our application. Finally we will present the applications basic components.
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INTRODUCTION

Dyslexia has a significant impact in the development of literacy skills, which represent a crucial factor in success at school [1]. The demand to develop literacy skills dominates the school curricula [1], which are usually either content-centered or instructor-centered [2].
The deciphering aspect of reading presents a special difficulty in the dyslexic students and has been approached by a number of studies and educational software and educational games. Moreover, even when the decoding process and the working memory are controlled properly by the students, deficits in reading comprehension still remain [3], [4], [5]. For this reason we propose the following educational interactive storytelling application, that focuses on the higher-order cognitive processes concerning narrative comprehension and recall. We chose narrative instead of expository text because it is the primary genre of oral discourse and possibly the easiest to recall [6], [7]. 
Paper outline

This paper will proceed as follows:

· We will examine a cognitive model of narrative comprehension and specifically the so-called situation model, a dimension of the cognitive model.

· We will review a set of study skills that facilitate narrative comprehension and recall and will try to show how these skills map to the situation model.

· We will propose a narrative framework based on a mythic structure and employing characteristics of oral narratives. We will relate this model to the proposed study skills and argue that such a framework will provide coherent and easily memorized narratives.

· We will present both a teaching and an assessment method for narrative comprehension and recall for dyslexic children that facilitates the acquiring of the proposed study skills.

· We will demonstrate an interactive storytelling activity that uses the above teaching method and will explore the system architecture.
A COGNITIVE MODEL FOR NARRATIVE COMPREHENSION
Narrative comprehension mechanisms which readers employ are quite stable among individuals within and between cultures [8]. These cognitive processes contain six levels of discourse structure [8], [9]: the surface code (the exact wording and syntax of the explicit text or the intonation patterns in the case of oral narrative [8]), the textbase (the meaning of the explicit propositions in the narrative [10], [11], [12]), the situation model (the mental micro-world describing the narrative [8]), the thematic point (the moral or premise of the story [8]), the agent perspective (the narrators point of view) and the genre (the specific category of narrative under consideration ). Every constraint placed by the above six representational levels must be in harmonious relations to each other. In order to facilitate this accordance the conversions of a genre can be used [8].

The surface code and the textbase do not remain long in memory [13], [14]. The agent perspective and the genre, though definitely enhancing comprehension and recall, are not often salient in the reader’s mind. The situation model consists of a deeper level of representation; it directly influences the processes of inference and recall and it is close to our current computational models of narrative generation [15]. Active focusing and inferencing improves the reader's comprehension and recall regarding the series of narrative events [16]. For the above reasons we chose to focus on this particular level of the cognitive model.

Situation model

The situation model is a mental representation of the state of the narrative world [8]. A large part of its content contains background world knowledge, relevant to the explicit text [8]. It is coherently organized by formulating themes and messages that transfer interesting information to the readers [8].
The situation model consists of five dimensions [15]: space (the physical layout of the narrative world), time (the timeline of the story and the sequence of events), causation (the causes and effects of the events in the narrative), intentionality (the goals and motives of the characters) and protagonists and objects (the characters of the story and the objects they encounter). The reading time may increase whenever a narrative faces a break in coherence or in the continuity of these dimensions [17], [9] and each dimension influences directly the processes of comprehension and recall of the narrative [15].

STUDY SKILLS FOR NARRATIVE COMPREHENSION AND RECALL

The study skills that follow, as proposed by Reid [1], can help the dyslexic learner build effective strategies for better comprehension and recall in narrative material. They can also facilitate learners to acquire and develop a correct situation model.

· Sequencing information: children should be able to know: how the beginning of a story started, what happened after the beginning of the story, what the main part of the story was, how the story ended. Through this particular skill the dyslexic learners understand the temporal dimension of the situation model.
· Use of context: learners should rely on semantic context, which serves as a comprehension and memory aid.
· Developing schemata: schemata help the learners attend to the incoming information, make inferences, scaffold their memory and utilize their previous knowledge. The developing of story schemata can be accomplished through a story framework (i.e. story scripts and story grammars). Story schemata can form the building blocks for the construction of situation models [9].
· Developing imaginative and visual skills: these skills through the formation of inferences help the dyslexic students imagine and visualize details that are omitted in the story.
· Repetition and over-learning: these skills can help the students overcome difficulties in short-term memory. A multi-sensory mode of learning can help the repetition of information to be presented in a variety of ways.
· Developing mnemonics: mnemonics provide visual (e.g. a familiar scene) and auditory (e.g. rhyme, alliteration) cues for the recall of a narrative material.
FORMULATING THE NARRATIVE FRAMEWORK
We propose a narrative framework based on the narratives of oral traditions. Oral traditions are systems that are characterized by multiple constraints. These constraints relate to the organization of meaning, imagery and patterns of sound (i.e. rhyme alliteration, rhythm, music). Through these constraints organized and coherent stories can be created. We will compare some of the characteristics of oral traditions, as examined by Rubin [7], with the study skills presented in the previous section. Oral traditions:

· Are sequential; the narrative recall in these traditions is serial and guided by multiple constraints such as theme, rhyme and rhythm (sequencing information).

· Have a context-rich organization and thus semantic contexts and cues select particular aspects of the meaning of a word and reduce or eliminate ambiguity (use of context).

· Their use of theme is equivalent with the use of a schema. The stories of oral traditions can be parsed to scripts and story grammars (developing schemata).

· Contain agents and actions that are easy to visualize (developing imaginative and visual skills).

· Use repeated material, such as formulaic phrases, trembling (the rule of 3’s in fairy tales) and narrative patterns (repetition and over-learning).

· Use mostly spatial imagery; the heroes of epic are always on the move and thus invoking a highly developed spatial-memory system (developing mnemonics, acquiring the spatial dimension of the situation model).

· Use the repetition of sounds as a poetic device (through rhyme, alliteration and assonance) and as a memory aid (developing mnemonics).

We chose the concept of the monomyth [18] as the basis of our narrative framework. The monomyth describes the stages of the journey of the mythological hero form the world of everyday life to the special world of the adventure and back. The Hero’s journey is found in many oral traditions and in many myths around the world (i.e. the theme of the novice hero in epic poetry [7]). In order to make our framework more elaborate and specific we mapped a subset of Propp’s [19] functions to the stages of the monomyth. In his morphological analysis of the Russian fairy tale Propp identified the functions that are performed by the characters (dramatis personae) of Russian fairy tales. Though the names and the attributes of the characters change in the different fairy tales their actions or functions remain the same. Our model contains 27 stages with each stage representing a narrative event. Each stage has a number of variants that can be employed, a prerequisite (for the selection of the appropriate variant) and an indication, showing whether a particular stage is mandatory (it cannot be omitted) or can be thrice repeated (use of trembling). A subset of our framework is described in table 1. We will use this model to generate random stories for our interactive storytelling application.

	Story stage
	Prerequisites
	Mandatory
	Trembling

	1. Initial situation.
	
	YES
	NO

	2. The villain causes harm or injury.
	
	YES
	YES

	3. Misfortune is made known; the hero is approached with a request or command.
	Stage 2
	YES
	NO


Table 1 – The first 3 stages of the narrative model.

Apart from the hero character (which will be controlled by the user), the system will use a group of virtual characters who will be recycled through the generated stories. Each character will be able to perform certain sets of actions. The actions are grouped via the archetypes that are found in the monomyth, as proposed by Vogler [20]. These archetypes are the following: the mentor, the threshold guardian, the herald, the shape-shifter, the shadow, the ally and the trickster (the hero archetype corresponds to the user’s avatar).

We will also use a set of formulaic phrases that will present specific actions in the narrative. The actions that are constant in our framework include the call to adventure, an act of villainy, the departure from a homeland, etc. For each recurring action a phrase containing rhyme and alliteration will be fired at specific points of the story. Through these formulaic phrases and through the continuous experimentation with the application, we argue that the children will build a coherent sequence of the events that take place.

LEARNING AND ASSESMENT METHOD

The learning and assessment method that we propose (based on [21], [22]) develops in the following steps:

· Introduction to the storytelling activity. 

· Experiencing the interactive story through the control of a character avatar.

· At the completion of a story episode (each one consists of a setting, a set of characters, a specific problem, the actions performed and the resolution of the problem) a set of schema-based questions will appear to the user in the form of an embedded narrative (how did the story start, where did it take place, which were the main characters, etc.). The user may respond through picking multiple-choice answers.

· At the completion of the story the user is asked to solve a narrative puzzle. The goal of the puzzle will be to place the story events in the correct form and order.
PRESENTING THE INTERACTIVE STORYTELLING SYSTEM

The narrative model

The narrative model contains a pattern for generating random stories together with a set of scripts describing narrative events. The story generator picks randomly stages of the narrative model and builds a story depending on certain prerequisites and variations. Each stage will be represented as an animation sequence, or as a dialogue sequence in the narrative world. The progression from one stage to the other will be performed either immediately or when the player’s avatar reaches certain locations. 

The scripts will contain formulaic audio phrases that will represent specific actions. For example, when the hero of a story accepts the call to his adventure the acceptance of the call script can be fired: “And so our hero sallied forth into the unknown and mysterious world”.

Schema-question generation

At the conclusion of every episode in the story a set of schema-based questions will be presented to the user in the form of an embedded narrative. The questions will be formulated automatically depending on the generated story.

User interaction

The user will explore the narrative world in an almost linear way. S/he will control an avatar’s movement and will interact with certain objects and characters in the virtual world. The actions performed will not change the route of the story but will enable the player to emerge in the virtual world and get information from the story’s characters.

Post-story assessment

After the completion of each story, the user is asked to complete an interactive narrative puzzle, in order to express and summarize his understanding of the story. In the puzzle the user is called to indicate the characters, the objects, the settings and some key actions of the most important parts of the story. The puzzle will provide interactive feedback in order to let the students experiment with the causality of the narrative events in the story.

Presentation format
For the representation of the narratives we chose the video format (found in film and video games). Video presentation can enhance comprehension, because it assists in the formation of mental representations of the narrative information, which are conveyed through language, and can lead to the construction of complex inferences [23]. This form of presentation may also minimize the processing resources demanded in narrative comprehension.

Outline of an interaction scenario
	Activity stage
	System output
	User actions

	Story stage: 1. Initial situation.
	Animation sequence: a little boy and a little girl gather around their grandfather to hear a story. 

Grandfather: “When I was young, around your age I used to guide our sheep to the mountain above our village to graze”.

Little boy: “I hope this is a true story this time grandpa”.

Grandfather: “But of course. You can ask me questions any time you doubt my word”.
	None.

	Story stage: 2. The villain causes harm or injury.
	Interactive scene: the player’s avatar is located in a mountain with a flock of sheep.
	The user moves the avatar to the east.

	
	Animation sequence: A dragon appears and dives through the air and unto the mountain three times (trembling). With each dive he catches a sheep in his claws and teeth.
	None.

	Story stage: 3. Misfortune is made known; the hero is approached with a request or command.
	Animation sequence: Grandfather: “When I returned to the flock, Dolly, Molly and Douglas our prize winning sheep were gone. I could see to the horizon a flying monster, holding with his ferocious claws and teeth our poor Dolly, Molly and Douglas. It was the notorious dragon Stinckenbreth”.
	None.

	
	
	The user interacts with the remaining sheep. A list of dialogue choices appears. The user picks the first one.

	
	Animation sequence:

Grandfather: “By the mighty beard of my father, why brothers such a sinister deed fell upon us? (formula phrase) Where did the beast take our prize winners oh second-rate sheep?”

Sheep (in harmony): “He took them eeeeeast, to the cave of no return in the forest of no entry”.
	The user moves the avatar eastward.

	Story stage: 6. The seeker agrees to or decides upon counteraction.
	Animation sequence:

Grandfather: “I decided to follow the vile beast into its lair and save my family’s honor”.
	None.

	Story stage: 7. The hero leaves home.
	Animation sequence:

Grandfather: “And so I sallied forth, into the unknown and mysterious world (formula script)”.
	None.

	Question stage:
	Animation sequence:

Little girl: “Wait a minute grandpa, what where you doing at the mountain in the first place?”
	A list of dialogue choices appears to the user. The user picks the wrong answer.

	
	Animation sequence: 

Grandpa: “Well, I was just taking a walk there”.

Little boy: “What? That’s not what you said”.
	None.


CONCLUSION

Interactive storytelling seems to be a promising tool for strengthening literacy skills in dyslexic children. Analyzing oral traditions in their function to preserve cultural capital, we come upon astonishing similarities with study patterns and methodology used for and by dyslexic individuals, in their effort to understand and use written material. 
Thus, sequential information, so hard to learn and automate by dyslexics, is treated with rhyme and rhythm in many orally transmitted poems (i.e. the Homeric epic poems), agents and actions help the audience of such creations to visualize better, repetitive patterns tend to develop stable associations which facilitate learning and mnemonics can almost effortlessly develop, thanks to the spatial dimension of both oral traditional narratives and technologically created interactive narratives.
Narrative comprehension and recall may enhance in dyslexic users of our application, since every parameter of the narrative model that we use to build our stories offers a ground pillar to these users, so that they can retain information, fully understand the structure and become able to reconstruct and recall it, if asked to do so.
Our assessing method will be based on schema-based questions at the end of each story episode and a distinct interactive puzzle at the completion of the story, formulated with the components of every unit.
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