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language model capturing language aspects that must be mastered by students and user modeling 
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1 9·9/¦¢L±9 {¦aa!w¸ 

This   deliverable describes the Architecture and functionality of the D-READ-NARRATE 
software system.  The D_READ-NARRATE system is composed from a number of 
applications that are accessible through the ǇǊƻƧŜŎǘΩǎ web-pabe located at  https://dread-
narrate.gr/ (in the "Applications" tab). 

D-READ-NARRATE is fully functional and is available to its users through several web 
applications. By employing educational games, it aims to enhance the linguistic skills of primary 
school students who are acquiring Greek as an additional language.  

Central role to the D_READ_NARRATE system play the following core components (the 
infrastructure) ǿƘƛŎƘ ŀǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ǎȅǎǘŜƳΩǎ Ƴŀƛƴ ŦǳƴŎǘƛƻƴŀƭƛǘȅΥ 

¶ User authentication and authorization. Implemented as a Keycloack Service, it ensures 
that only authenticated and authorized users have access to the D-READ-NARRATE apps.  

¶ Profile Engine. Lǘ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƘŀƴŘƭƛƴƎ ǘƘŜ ǎȅǎǘŜƳΩǎ ŜȄǇŜǊǘ ƪƴƻǿƭŜŘƎŜ ŎƻƴǎƛǎǘƛƴƎ ƻŦ 
domain models that capture the main language aspects and the learning process of the 
Greek language. In addition, it stores and maintains user profiles which capture ǘƘŜ ǳǎŜǊǎΩ 
progress through the interaction with the ǎȅǎǘŜƳ ŀƴŘΣ ƛƴ ǘǳǊƴΣ ŀŘŀǇǘ ǘƘŜ ǎȅǎǘŜƳΩǎ ōŜƘŀǾƛƻǊ 
and provide a personalized experience. 

¶ Game Engine. It manages all information related to learning activities. Its main functionality 
is to serve each user with learning activities (in the form of games) together with the 
appropriate educational content that aim to    ŀŘǾŀƴŎŜ ǘƘŜ ǳǎŜǊΩǎ ƭŜǾŜƭ ƻŦ ƳŀǎǘŜǊƛƴƎ ƻŦ ǘƘŜ 
DǊŜŜƪ ƭŀƴƎǳŀƎŜΦ ¢ƘŜ ǎŜƭŜŎǘƛƻƴ ƻŦ ŀŎǘƛǾƛǘȅκŎƻƴǘŜƴǘ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǳǎŜǊΩǎ ǇǊƻŦƛƭŜ όƛΦŜΦΣ ƭŜǾŜƭ ƻŦ 
mastering of specific language aspects and playing history). 

¶ Resource Engine. It handles the educational content (words/sentences) used in the 
learning activities. It contains annotated dictionaries where each word is accompanied with 
hyphenation, stemming and classification information.     

¶ Log Engine. It stores all information related to the user interaction with the system. This 
history-log enables for personalized recommendations.  

{ŜǾŜǊŀƭ ǿŜō ŀǇǇƭƛŎŀǘƛƻƴǎ ǳǘƛƭƛȊŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ŎƻǊŜ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ŎƻƭƭŜŎǘƛǾŜƭȅ expose D_READ-
b!ww!¢9Ωǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ǘƻ ƛǘǎ ǳǎŜǊǎ ό!ŘƳƛƴǎκǊŜǎŜŀǊŎƘŜǊǎΣ ¢ŜŀŎƘŜǊǎΣ {ǘǳŘŜƴǘǎύΥ 

¶ Admin tool app. It is addressed to researchers undertaking administration duties. These 
duties mainly concern the creation and handling of teacher and student accounts. 

¶ Dictionary app. It is addressed to researchers/linguistic experts. It facilitates the efficient 
ǊŜǾƛŜǿ ƻŦ ǘƘŜ ŘƛŎǘƛƻƴŀǊȅΩǎ ŎƻƴǘŜƴǘǎ, filtered according the language domain model 
categories.  

¶ Teacher tools app. It is addressed to teacher. It allows teachers to assign personalized sets 
of activities/games based on the ǎǘǳŘŜƴǘǎΩ individual needs and class goals. 

¶ Assessment/screening app. It is addressed to students. It implements a screening test and 
based ƻƴ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛǘ ƛƴƛǘƛŀƭƛȊŜǎ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ƭŀƴƎǳŀƎŜ ǇǊƻŦƛƭŜΦ Lǘ ƛǎ 
supposed to be executed at most one time for each student (and to be supervised by a 
teacher).  

¶ Games app. It is addressed to students. It is the main project application. It consists of a 
number of mini-games that support a variety of educational activities. The learning process 
is facilitated by playing the games and the gaming performance controls (through profile 
adaptation) the learning path.      

¶ [NEW] Narrator app. It is addressed to students, including bilingual students learning Greek 
as L2, and supports the development of reading comprehension, vocabulary, and oral 
narrative skills through web-ōŀǎŜŘ ƭŜǎǎƻƴǎΦ ¢Ƙƛǎ ŎƻƳǇƻƴŜƴǘ ŀƛƳǎ ǘƻ ŜƴƘŀƴŎŜ ǎǘǳŘŜƴǘǎΩ 
narrative skills and develop more sophisticated reading skills. It includes web-based lessons 

https://dread-narrate.gr/
https://dread-narrate.gr/
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that engage students in reading and story-building tasks that assist the development of 
vocabulary, reading comprehension and analysis, as well as narrative skills. 

Finally, it should be mentioned that, in accordance with the GDPR, only the necessary user data 
are maintained by the D_READ-NARRATE system and special care has been devoted to their 
security.  
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2 LƴǘǊƻŘǳŎǘƛƻƴ 
 

The D_Read-Narrate Project is accessible through its main webpage at 
https://dread-narrate.gr/. The "Applications" tab provides links to all the project's web 
applications. 

The D_Read-Narrate Project is composed of several interconnected components 
that work together to provide a user-friendly experience. These components are 
organized into two primary categories: the back-end components (Engine Layer) and 
the front-end components (Web Application Layer). The system users are divided into 
three main categories: admins, teachers, and students. 

 

A critical component of the D_Read-Narrate Project is the Keycloak Service, which 
provides OAuth2 authentication services. It not only handles user authentication but 
also offers a user interface for system administrators to monitor and manage users. 
Keycloak stores all user personal information securely. All other web applications must 
communicate with the Keycloak Service to authenticate users and ensure that requests 
are properly verified and authorized before they are allowed to proceed. See Chapter 
4.3. 

The back-end components of the D_Read-Narrate Project include the 
business/engine layer, which serves as the core of the system, providing necessary 
services alongside the components for personalization and adaptation (Chapter 8: User 

https://dread-narrate.gr/
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Adaptation Component). The engine components τ profile, game, resource, and log τ 
handle specific areas of the system, each with its own set of responsibilities.  

1. Profile Engine: Responsible for storing and managing data related to user 
profiles and the underlying model (Chapter 5: Domain Models and Profiles). Such 
data may include: 

a) User Profiles: The Narrate system primarily stores user profiles, which 
track progress and adapt to individual learning needs. Each user can have 
multiple profiles, one per linguistic model, containing details on usage 
history, reading and learning status, language-related difficulties, 
severity levels, reading speed, cognitive age, interests, and system 
preferences. The initial profile is generated based on assessment test 
results, but if no assessment is available, a default profile is assigned 
without predefined values. 

b) Domain Models: The models have been designed and supplied by 
linguistic experts. These models describe the decomposition of the 
teaching process of the Greek language. 

2. Game Engine: Handles the storage and management of data related to the 
learning activities and their content (Chapter 9: Game Server Specification and 
Design). These activities include games, as well as both supervised and 
unsupervised exercises. The content of each activity is typically tailored to the 
user, based on their profile and history, but it also depends on the mechanics of 
the application or game. Some activities involve words, while others require full 
sentences. 

3. Resource Engine: Manages the data concerning dictionaries used within the 
system (Chapter 9.5: Words and Sentences). Since the Narrate system focuses 
on word-based activities, it will incorporate annotated dictionaries to support 
these functions. The foundation of each dictionary is a database containing 
words from a given language, along with supplementary information such as 
hyphenation rules, stemming guidelines, and word classifications. 

4. Log Engine: Oversees the storage and management of logs related to userǎΩ 
actions (See 4.8.2). When users interact with the system and its components, 
their actions are recorded to enable personalized recommendations and refine 
learning strategies based on user analytics. 

In addition to these individual engines, the Business Engine component integrates 
the various engines and implements the system's core logic, such as adaptation policies. 
For example, based on the profile of the user the system can provide personalized and 
adaptive content. Profile updates occur in real-time or when the server detects the need 
for adjustments based on user progress.  

Additionally, the Infrastructure API Service (Chapter 10: Core Infrastructure API) 
plays an important role by exposing the core system's RESTful APIs. These APIs are 
essential for enabling communication and interaction between the various applications 
within the system.  

The web applications of the project are outlined as follows: 
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1. Games Web Application (chapter 9: Game Application (Games)): The Games 
Web Application serves as the core interactive feature of the project. It includes 
a variety of mini-games designed for students to play. This application is 
accessible exclusively to student accounts.  

Accessible in https://dread-narrate.gr/narrate-games/ 

2. Assessment Application/Screening (chapter 12: Assessment Application 
(Screening)): The Assessment Application is a language assessment tool 
designed to evaluate students' linguistic abilities before they begin using the 
Games Component. It allows teachers to assess students' language skills and 
helps the system initialize their profiles according to the results.  

Accessible in https://dread-narrate.gr/narrate-screening/ 

3. Teacher Tools Web Application (chapter 14.2: Teacher Tools Web Application): 
The Teacher Tools Web Application is designed to enable teachers to overview 
their students and assign personalized sets of mini-games based on their 
individual needs or classroom goals. This application is accessible exclusively to 
teacher accounts. 

Accessible in https://dread-narrate.gr/narrate-teacher-tools/ 

4. Admin Tools Web Application (chapter 14.1: Admin Tools Web Application): The 
Admin Tools Web Application provides a set of tools for the administrator users 
to create, and manage users (teachers, students) and classrooms. This 
application is accessible exclusively to administrator accounts. 

Accessible in https://dread-narrate.gr/narrate-admin-tools/ 

5. Dictionary Web Application (chapter 14.3: Dictionary Web Application): The 
Dictionary Web Application is designed for administrators and linguistic experts 
to efficiently review ǘƘŜ ǎȅǎǘŜƳΩǎ ŘƛŎǘƛƻƴŀǊȅ ŀƴŘ ǘƘŜ grammatically annotated 
words. This application is accessible exclusively to admin accounts. 

Accessible in https://dread-narrate.gr/narrate-dictionary/ 

2.1 [NEW] Narrator Web Application  

An additional application of the project is the Narrator Web Application (Chapter 
13: Narrator Web Application). This component is designed for primary school 
learners of Greek (ages 7ς12), including bilingual students learning Greek as a 
second language (L2). It supports the development of reading comprehension, 
vocabulary, and oral narrative skills through web-based lessons. 

¢ƘŜ wŜŀŘŜǊκbŀǊǊŀǘƻǊ ŎƻƳǇƻƴŜƴǘ ŀƛƳǎ ǘƻ ŜƴƘŀƴŎŜ ǎǘǳŘŜƴǘǎΩ ƴŀǊǊŀǘƛǾŜ ŀōƛƭƛǘƛŜǎ 
while fostering more advanced reading skills. It provides interactive, web-based 
lessons that engage learners in reading and story-building activities, supporting the 
development of vocabulary, reading comprehension and analysis, as well as 
narrative competence. The lesson structure is informed by existing narrative 
intervention programmes and storytelling applications and is designed to be 
motivating and easy to follow, requiring only basic teacher guidance. 

Accessible in https://dread-narrate.gr/narrator-app/ 

https://dread-narrate.gr/narrate-games/
https://dread-narrate.gr/narrate-screening/
https://dread-narrate.gr/narrate-teacher-tools/
https://dread-narrate.gr/narrate-admin-tools/
https://dread-narrate.gr/narrate-dictionary/
https://dread-narrate.gr/narrator-app/
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2.2 Personalization  

Personalization in Narrate is facilitated through dynamic user profiles, which help 
the server and applications suggest appropriate learning activities, relevant content, and 
future learning objectives based on user progress and difficulty levels. 

In some cases, experts may prefer to manually adjust these elements, particularly 
when selecting learning objectives or problems. Therefore, the system provides 
suggestions rather than making automatic selections. Experts should have the ability to 
modify system recommendations, customize the words or texts used within Narrate 
applications, and design structured learning schedules, specifying activities, 
applications, and content for upcoming sessions. 

2.3 Usage History  

Tracking and analyzing user interactions is a crucial component of Narrate. This 
ŀƭƭƻǿǎ ŦƻǊ ƳƻƴƛǘƻǊƛƴƎ ǘƘŜ ǳǎŜǊΩǎ ǇǊƻƎǊŜǎǎ ƻǾŜǊ ǘƛƳŜΣ ŎƻǊǊŜƭŀǘƛƴƎ ƭŜŀǊƴƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ǿƛǘƘ 
performance improvements, and refining the adaptation of apps, games, and content 
selection. The usage of history logging ensures proper profile adaptation, while 
additional proprietary attributes can be recorded internally within the applications. 

Data privacy remains a significant consideration, as some user profile attributes 
and usage history details must remain within the Narrate infrastructure. The exact 
attributes to be logged will align with Narrate applications and user profiles. In the case 
of games, logging should include not only the content presented to users but also 
learning activity outcomes (success/failure), expert/user choices (e.g., preferred 
games), game behavior data (completion times, in-game assessments, evaluation 
questionnaires), and game-specific insights.  
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3 System Architecture 
 

This chapter presents the architectural design of the D_Read-Narrate system. First, 
the logical architecture is described, outlining how the necessary components are 
defined and organized. Next, the physical architecture is detailed to present how the 
D_Read-Narrate system has been deployed and how it operates. 

3.1 Logical Architecture  

The logical architecture can be divided into three distinct layers, the data layer, the 
business / engine layer and the web application / API service layer. 

 

The data layer consists of a single database with five schemas. Alternatively, five 
separate databases could be used especially in a more decomposed version of the 
architecture (following the micro-service design pattern). For the D_Read-Narrate 
system, since all the infrastructure components are provided through a single web 
application (the Infrastructure API service), and all the databases are hosted on the same 
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VM (as described in Chapter 3.2 Physical Architecture), there is no significant impact in 
keeping all the data within different schemas in the same database. 

The business/engine layer consists of the core mechanical components of the 
system, providing all the necessary services alongside the personalization and 
adaptation components. The engine components (profile, game, resource, log) contain 
all the necessary elements specific to their respective functions within the system. For 
example, the άProfile Engineέ includes all the tools required to create, retrieve, update, 
and delete components and subparts that are exclusively related to user profiles. On the 
other hand, the Business Engine component integrates the individual engines and 
ƛƳǇƭŜƳŜƴǘǎ ǘƘŜ ǎȅǎǘŜƳΩǎ ŎƻǊŜ ƭƻƎƛŎΣ ǎǳŎƘ ŀǎ ǘƘŜ ŀŘŀǇǘŀǘƛƻƴ ǇƻƭƛŎƛŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ 
.ǳǎƛƴŜǎǎ 9ƴƎƛƴŜ ŘŜŦƛƴŜǎ ŀƴŘ ƳŀƴŀƎŜǎ Ƙƻǿ ŀ ǳǎŜǊΩǎ ǇǊƻŦƛƭŜ ǿƛƭƭ ōŜ ƛƴƛǘƛŀƭƛȊŜŘ ōŀǎŜŘ ƻƴ 
the results of the assessment while utilizing the tools from the άProfile Engineέ and from 
ǘƘŜ ά[ƻƎ 9ƴƎƛƴŜέ ǘƻ ŎƻǊǊŜŎǘƭȅ ǳǇŘŀǘŜ ǘƘŜ ǳǎŜǊΩǎ ǇǊƻŦƛƭŜΦ 

The web application / API service layer contains all the web applications. A very 
ƛƳǇƻǊǘŀƴǘ ŀǇǇƭƛŎŀǘƛƻƴ ƛǎ ǘƘŜ ΨYŜȅŎƭƻŀƪ ǎŜǊǾƛŎŜΩ ǿƘƛŎƘ ǇǊƻǾƛŘŜǎ ǘƘŜ h!ǳǘƘн ǎŜǊǾƛŎŜǎΦ Lǘ 
also provides a user interface, for the system administrators to monitor and manage the 
ǳǎŜǊǎΣ ǿƘƛƭŜ ƛǘ ǎǘƻǊŜǎ ŀƭƭ ǘƘŜ ǳǎŜǊΩǎ ǇŜǊǎƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴΦ !ƭƭ ǘƘŜ ƻǘƘŜǊ ǿŜō ŀǇǇƭƛŎŀǘƛƻƴǎ 
Ƴǳǎǘ ŎƻƳƳǳƴƛŎŀǘŜ ǿƛǘƘ ǘƘŜ ΨYŜȅŎƭƻŀƪ ǎŜǊǾƛŎŜΩ to authenticate users and verify requests 
that are authenticated and authorized to allow further process of them. The second 
most important ŀǇǇƭƛŎŀǘƛƻƴ ƛǎ ǘƘŜ ΨLƴŦǊŀǎǘǊǳŎǘǳǊŜ !tL ǎŜǊǾƛŎŜΩΦ ¢Ƙƛǎ ŀǇǇƭƛŎŀǘƛƻƴ ŜȄǇƻǎŜǎ 
ǘƘŜ ŎƻǊŜ ǎȅǎǘŜƳΩǎ w9{¢Ŧǳƭ !tLǎΣ ǿƘƛŎƘ ŎƻǳƭŘ ōŜ ǳǎŜŘ by other applications to interact 
ǿƛǘƘ ǘƘŜ bŀǊǊŀǘŜ ǎȅǎǘŜƳΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ΨDŀƳŜ !ǇǇƭƛŎŀǘƛƻƴΩ Ƙŀǎ ǘƻ ƳŀƪŜ ŀ ǊŜǉǳŜǎǘ ǘƻ 
the infrastructure to retrieve the game content, for the logged-in user, in order to build 
the game scene and allow the user to play. Besides these applications, the Narrate 
system provides a variety of web applications, each one supporting a different aspect of 
the project on different types of users. 

3.2 Physical Architecture  

The physical architecture section described the operational installation of the 
D_Read-Narrate system. The system has a cloud-based installation using Virtual 
Machines (VMs). For the D_Read-Narrate project, two Virtual Machines are utilized.  

¢ƘŜ ŦƛǊǎǘ ±a Ƙƻǎǘǎ ǘƘŜ ǎȅǎǘŜƳΩǎ ŘŀǘŀōŀǎŜΦ ! ǊŜƭŀǘƛƻƴŀƭ ŘŀǘŀōŀǎŜ όtƻǎǘƎǊŜ{v[ύ 
stores all the necessary data. This VM is not publicly accessible, but only from internal 
clusters with authenticated accounts.  

¢ƘŜ ǎŜŎƻƴŘ ±a Ƙƻǎǘǎ ǘƘŜ ǎȅǎǘŜƳΩǎ ŀǇǇƭƛŎŀǘƛƻƴǎΦ ¢ƘŜǎŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ŀǊŜ ǇǊƻǾƛŘŜŘ 
ǘƘǊƻǳƎƘ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ǎŜǊǾŜǊǎΦ ¢ƘŜ ΨYŜȅŎƭƻŀƪ !ǇǇƭƛŎŀǘƛƻƴ {ŜǊǾŜǊΩ ǇǊƻǾƛŘŜǎ ǘƘŜ ǎŜǊǾƛŎŜǎ 
of the Keycloak, for authentication and authorization purposes, and the related web 
user ƛƴǘŜǊŦŀŎŜΦ !ƭǎƻΣ ǘƘŜ Ψ²ƛƭŘŦƭȅ !ǇǇƭƛŎŀǘƛƻƴ {ŜǊǾŜǊΩ ǇǊƻǾƛŘŜǎ ŀƭƭ ǘƘŜ ǿŜō ŀǇǇƭƛŎŀǘƛƻƴǎ ƻŦ 
the Narrate project (infrastructure API, game web app, assessment web app etc.). On 
top of them a Reverse Proxy has been installed (Caddy Reverse Proxy, 
https://caddyserver.com/). This reverse proxy intercepts all incoming requests verifying 
that the https protocol is used (if not it will automatically be forward to it) and sends 
each request to the proper application server (at the proper port). It also could be used 

https://caddyserver.com/
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for load balancing reasons, if more than one application servers exist providing the same 
application. This VM is public accessible over the public IP and most importantly over 
the domain name (dread-narrate.gr). 

 

 

3.3 Deployment Details  

The Virtual Machines in which the D_READ-Narrate applications are deployed are 
hosted in the DistributedSystems Laboratory (DSLab) clusters at NTUA. The laboratory 
provides a secure and scalable environment ideal for the project purposes.  

The used resources are presented in detail in the following table: 

 VM 1 ς 
Application 
Server 

VM 2 ς  
Database 
Server 

Total 

vCPUs 4 4 8 

RAM 6 GB 4 GB 10 GB 

Disk 30 GB 50 GB 80 GB 

Private IP 1 1 2 

Public IP 1 0 1 

Operational System Ubuntu 24.04 Ubuntu 24.04  
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In the first VM, the application server, it has been deployed a Wildfly server 
(version 31.0.0.Final). The Wildfly (https://www.wildfly.org/) is a lightweight, open-
source (from RedHat) application server. Alongside with the application server, an open-
source authentication server has been deployed, the Keycloak 
(https://www.keycloak.org/) as an authentication server. Keycloak (version 24.0.3) 
ǇǊƻǾƛŘŜǎ ǎǘǊƻƴƎ ŀǳǘƘŜƴǘƛŎŀǘƛƻƴ ƳŜŎƘŀƴƛǎƳǎ ƻƴ ǘƘŜ ǎȅǎǘŜƳΩǎ ŀǇǇƭƛŎŀǘƛƻƴǎ ŀƴŘ ǊŜǉǳƛǊŜǎ ŀ 
database in order to store data in a proper, secure way and provide oauth2 services. 

In the second VM, the database server, it has been deployed a PostgreSQL 
database (https://www.postgresql.org/). The database is protected in an isolated VM 
accessible only from internal systems, through its private IP. PostgreSQL (version 17) is 
a high performance, open-source, relational database. The database is set to allow 
access only from specific IPs and from a small set of users, while the applications of the 
D_READ-Narrate project (deployed in the first VM) could access it to store the necessary 
data. 

The domain name of the project (https://dread-narrate.gr) has been registered 
through the Papaki registrar (https://www.papaki.com/) with an SSL protection. 

 

 

  

https://www.wildfly.org/
https://www.keycloak.org/
https://www.postgresql.org/
https://dread-narrate.gr/
https://www.papaki.com/
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4 Privacy and Security 
 

In this section, the privacy and security risks of the D_Read-Narrate system will be 
presented in an analytic way. The Narrate System, in order to provide personalized and 
adaptive content to its users, is required to collect, store, and manage personal 
information. This prerequisite forces the system to be designed based on the General 
Data Protection Regulation (GDPR ς Regulation (EU) 2016/679) and ensure that it always 
ǇǊƻǘŜŎǘǎ ǘƘŜ ǳǎŜǊǎΩ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǊŜƎǳƭŀǘŜŘ ǇǊƻŎŜŘǳǊŜǎΦ 

4.1 The General Data Protection Regulation  

The General Data Protection Regulation (GDPR) is a comprehensive data protection 
law that governs the collection, storage, and management of personal data within the 
European Union (EU). It applies to all organizations that process the personal data of 
individuals in the EU, regardless of the organization's location. 

The Narrate system is committed to adhering to GDPR requirements by 
implementing the following measures: 

a) Lawfulness, Fairness, and Transparency: Personal data is processed based on 
lawful grounds, ensuring transparency with data subjects about how their data is 
used. 

b) Purpose Limitation: Data is collected for explicit and legitimate purposes and is 
not further processed in a manner incompatible with those purposes. 

c) Data Minimization: Only data necessary for the specified purposes is collected, 
ensuring relevance and adequacy. 

d) Accuracy: Efforts are made to keep personal data accurate and up-to-date, 
correcting inaccuracies promptly. 

e) Storage Limitation: Personal data is retained only for as long as necessary to fulfill 
the purposes for which it was collected. 

f) Integrity and Confidentiality: Appropriate security measures are in place to 
protect personal data against unauthorized processing and accidental loss. 

Accountability: Narrate system maintains records of data processing activities and 
conducts regular assessments to ensure GDPR compliance. 

4.2 Confidentiality and Integrity through Transmission  

The Narrate system is an online, web accessed application. Its design requires 
appropriate security measures for the communication among the web applications 
όŎƭƛŜƴǘ ǎƛŘŜύ ŀƴŘ ǘƘŜ ǎȅǎǘŜƳΩǎ ǎŜǊǾŜǊǎ όǎŜǊǾŜǊ ǎƛŘŜύΦ ¢ƘŜ ōŜǎǘ ƻǇǘƛƻƴ ǘƻ ǎŜŎǳǊŜ ǘƘŜǎŜ 
communications is to use the TLS protocol. The usage of HTTPS (Hypertext Transfer 
Protocol Secure) for all its API communications, ensures that all the data transmitted 
through the Narrate system is always encrypted, using the Transport Layer Security 
(TLS), preventing unauthorized interception and ensuring data integrity. For the TLS 
protocol a digital certificate needs to be used, which will implement the following 
parameters: 
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a) Usage of TLS /SSL version 3, 
b) The certificate signature algorithm is X9.62 ECDSA Signature with SHA-384, 
c) The digital certificate of the web server will be granted (and signed) by a trusted 

Certification Authority. 

4.3 Authentication with Keycloak Access Tokens  

Narrate system employs Keycloak for authentication, utilizing access tokens to 
manage user sessions securely. Keycloak is an open-source identity and access 
management solution that supports various authentication protocols, including OAuth 
2.0 and OpenID Connect.  

All the web applications and the backend system are linked with the Keycloak server 
in order to validate the users and the incoming requests based on the provided access 
token. 

Access tokens are obtained through the login page or the system service by 
providing the credentials of the user who is trying to log into the system. These tokens 
grant users to access protected resources. 

YŜŜǇƛƴƎ ǘƘŜ ǳǎŜǊǎΩ ŎǊŜŘŜƴǘƛŀƭǎ ǎŜŎǊŜǘ ƛǎ ŎǊƛǘƛŎŀƭ ŦƻǊ ǘƘŜ ǎŜŎǳǊƛǘȅ ƻŦ ǘƘŜƛǊ ƛƴŦƻǊƳŀǘƛƻƴΣ 
ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ǳǎŜǊǎ ǿƛǘƘ ŜƴŦƻǊŎŜŘ ŀǳǘƘƻǊƛȊŜŘ ǇŜǊƳƛǎǎƛƻƴǎΦ ¦ǎŜǊǎΩ ǇŀǎǎǿƻǊŘǎ ǎƘƻǳƭŘ ōŜ 
complicated and strong (avoiding poor passwords eliminates the risk of guessing a 
ǇŀǎǎǿƻǊŘύΣ ǿƘƛƭŜ ŦƻǊ ǘƘŜ ǎȅǎǘŜƳΩǎ ǎƛŘŜ securely storing them (values are saved with their 
hashed value ς ǎƻ ǘƘŜȅ ǿƛƭƭ ƴƻǘ ōŜ ǊŜŀŘŀōƭŜύ ƛƴ ǘƘŜ ǎȅǎǘŜƳΩǎ ŘŀǘŀōŀǎŜ όǇǊŜǾŜƴǘƛƴƎ 
unauthenticated and unauthorized access). 

4.4 Authorization Rules for Data Access  

Access data within the Narrate system is governed by strict authorization rules. Role 
management of users ensures that for each action the user has the necessary 
permissions to retrieve or access data or log into a web application. Keycloak provides 
mechanisms to store and retrieve the necessary authorization information of each user. 
This ensures that users can only access data for which they have explicit authorization, 
enhancing data security and compliance. This information is accessible through the 
useǊǎΩ ŀŎŎŜǎǎ ǘƻƪŜƴǎ ŀŦǘŜǊ they provide valid credentials. 

4.5 Deployment and Hardware Security  

Narrate system incorporates comprehensive deployment and hardware security 
measures to protect against potential threats: 

a) Firewalls: Robust firewall configurations are implemented to monitor and control 
incoming and outgoing network traffic based on predetermined security rules, 
acting as a barrier between trusted internal networks and untrusted external 
networks. 

b) Secure Deployment Practices: Deployment procedures follow best practices, 
including regular updates and patch management to mitigate vulnerabilities. 
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c) Access Controls: Strict access controls are enforced to ensure that only authorized 
personnel can access critical systems and data. 

4.6 Personal Data in Narrate  

The central purpose of the project is to enhance the linguistic skills of primary 
school students who are acquiring the Greek language as an additional language. The 
Narrate system provides an approach, in which the linguistic process of learning the 
Greek language is decomposed into small parts allowing users to practice and master 
them. Users (students) are registered in the Narrate system to be able to practice 
through the available web applications (interactive games, assessment tests, etc.). The 
content of each child is personalized based on the current state and needs of the child. 
¢ƻ ŀŎƘƛŜǾŜ ǘƘŀǘΣ ǎǘǳŘŜƴǘǎΩ ǇŜǊǎƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ǘƘŜƛǊ ŀŎǘƛǾƛǘȅ κ ǇǊƻƎǊŜǎǎ are stored 
in the system. This information should follow the GDPR, as it was described earlier. 

4.7 Users of Narrate  

There are three types of users in the D_Read-Narrate system. Each type supports 
different purposes and has different permissions about the way of accessing the 
ǎȅǎǘŜƳΩǎ Řŀǘŀ ŀƴŘ ǘƘŜ ŀǾŀƛƭŀōƭŜ ŀŎǘƛƻƴǎΦ 

The first type is the experts / administrators, who have the obligation of creation 
and management of all the users in the system. They can also access the stored data for 
scientific purposes. 

The second type is the students, who will practice with the educational application 
(game application etc.). This type of user is the core of the system. During registration 
by their administrator, a profile τ an extension of the linguistic model (see Chapter 5: 
Domain Models and Profiles) τ is created and stored in the system alongside their 
personal information. ¢Ƙƛǎ ǇǊƻŦƛƭŜ ƛǎ ƴŜŎŜǎǎŀǊȅ ƛƴ ƻǊŘŜǊ ǘƻ Ŧƻƭƭƻǿ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻƎǊŜǎǎ 
and be able to provide personalized selections of activities and content. 

The third type is the teachers, who can monitor their students and assist them 
through manual assignments and changes in their preferences in the Narrate system. 
These users, like students, are registered by their administrators but they do not have a 
profile. 

4.8 Stored Data  

This section outlines the user data stored in the Narrate system and explains how 
the system complies with relevant regulations, including GDPR. 

4.8.1 User Details  

At the time of the ǳǎŜǊΩǎ ǊŜƎƛǎǘǊŀǘƛƻƴΣ ŀƭƭ ǘƘŜ ǇǊƻǾƛŘŜŘ ŘŜǘŀƛƭǎ ŀǊŜ ǎǘƻǊŜŘ ƛƴ ǘƘŜ 
YŜȅŎƭƻŀƪ ǎȅǎǘŜƳ όƛƴ ǘƘŜ ǊŜƭŀǘŜŘ ǎŎƘŜƳŀ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩǎ ŘŀǘŀōŀǎŜύΦ 

Attribute Description Student Teacher Expert 

username 
The username of the account. Necessary 
to log in. 

Yes Yes Yes 
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password 

¢ƘŜ ŀŎŎƻǳƴǘΩǎ ǇŀǎǎǿƻǊŘΦ bŜŎŜǎǎŀǊȅ to log 
in. The passwords are stored in an 
encrypted and hashed format inside the 
Narrate system. 

Yes Yes Yes 

email 
An email related to the user. Could be the 
ƎǳŀǊŘƛŀƴΩǎ ŜƳŀƛƭΦ 

Yes Yes Yes 

last name 
¦ǎŜǊΩǎ ƭŀǎǘ ƴŀƳŜΣ ǳǎŜŦǳƭ ǘƻ ƛŘŜƴǘƛŦȅ 
account e.g. by teachers or 
administrators. 

Yes 
(optional) 

Yes 
(optional) 

Yes 
(optional) 

first name 
¦ǎŜǊΩǎ ŦƛǊǎǘ ƴŀƳŜΣ ǳǎŜŦǳƭ ǘƻ ƛŘŜƴǘƛŦȅ 
account e.g. by teachers or 
administrators. 

Yes 
(optional) 

Yes 
(optional) 

Yes 
(optional) 

teacher 
¢ƘŜ ǳǎŜǊƴŀƳŜ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǘŜŀŎƘŜǊΦ 
Required to organize students in pilots 
run at schools. 

Yes 
(only 1) 

  

class 
¢ƘŜ ƴŀƳŜ ƻǊ ǘƛǘƭŜ ŦƻǊ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ŎƭŀǎǎΦ 
Required to organize students in pilots 
run at schools. 

Yes 
(only 1) 

Yes 
(many) 

 

linguistic 
model 

The type of linguistic model, which is 
ǳǎŜŘ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜΦ 

Yes 
(only 1) 

  

 
Note that for each type of account, the first three parameters are mandatory to 

create and distinguish an account in the Narrate system. For students and teachers, 
more information is necessary, in order to organize users in the pilots (group them in 
classes and relate students with teachers). 

It is important to clarify that any of the provided data related to the student users 
ƘŀǾŜ ōŜŜƴ ŎƻƭƭŜŎǘŜŘ ōȅ ǘƘŜ ǇƛƭƻǘǎΩ ŀŘƳƛƴƛǎǘǊŀǘƻǊǎ ǿƛǘƘ ǘƘŜ ǇŀǊŜƴǘ κ ƎǳŀǊŘƛŀƴ ŎƻƴǎŜƴǘΦ 

4.8.2 Userôs Action Tracking and Data Usage 

As it was mentioned earlier, the Narrate system provides personalized content to 
the students while playing with the game web application. In order to create such an 
ŀŘŀǇǘƛǾŜ ǎȅǎǘŜƳΣ ƛǘ ƛǎ ŎǊǳŎƛŀƭ ǘƻ ǎǘƻǊŜ ǳǎŜǊΩǎ ŀŎǘƛƻƴǎΦ !ƭƻƴƎǎƛŘŜ that, same basic actions 
are logged too. In the table below there are the logged information per web application 
and what kind of information is required to be accessed per action. 

Application Action User Used Data Logged Data 

Assessment 

login student username, 
password 

time, username 

logout student  time, username 

start a book student users history (to 
check if the user 
has already 
answered the 
book) 

time, username, 
book title 

complete a 
book 

student  time, username, 
ōƻƻƪ ǘƛǘƭŜΣ ǳǎŜǊΩǎ 
answers 
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Game / 
Narrator 

login student username, 
password 

time, username 

logout student  time, username 

retrieve 
content 

student username, model, 
logs, profile 

time, username 

complete 
game 

student username, model, 
logs, profile 

time, username, 
ǳǎŜǊΩǎ 
actions/answers 

Teacher 

login teacher username, 
password 

time, username 

logout teacher  time, username 

search 
students 

teacher user's teacher, 
classroom, 
first/last name, 
username, model 

time, username, 
search criteria 

view 
assignments 

teacher user's username, 
model, 
assignments 

 

create 
assignments 

teacher ǳǎŜǊΩǎ ǳǎŜǊƴŀƳŜΣ 
model, teacher, 
classroom 

time, username, 
ǎǘǳŘŜƴǘΩǎ ǳǎŜǊƴŀƳŜΣ 
assignment details 

Administrator 

login administrator username, 
password 

time, username 

logout administrator  time, username 

search 
users 

administrator user's username, 
first/last name, 
classroom, model, 
teacher, 
administrator 

time, username, 
search criteria 

create user administrator  time, username, 
ǳǎŜǊΩǎ ǳǎŜǊƴŀƳŜ 

edit user administrator ǳǎŜǊΩǎ ŘŜǘŀƛƭǎ όŀƭƭύ time, username, 
ǳǎŜǊΩǎ ǳǎŜǊƴŀƳŜ 

delete user administrator  time, username, 
ǳǎŜǊΩǎ ǳǎŜǊƴŀƳŜ 

search 
classes 

administrator ǳǎŜǊΩǎ ǳǎŜǊƴŀƳŜΣ 
classroom, 
teacher, model, 
first/last name 

time, username, 
search criteria 

create class administrator  time, username, class 
title 

edit class administrator ǳǎŜǊΩǎ ǳǎŜǊƴŀƳŜΣ 
classroom, 
teacher, model, 
first/last name 

time, username, class 
title 

delete class administrator  time, username, class 
title 
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4.8.3 [NEW] Userôs Action Tracking and Data Usage 

An addition to the system was the Reader/ Narrator app. The logged information for 
the Reader/ Narrator app is displayed in the table below. 

Application Action User Used Data Logged Data 

Narrator 

login student username, 
password 

time, username 

logout student  time, username 

Start/restart 
a lesson 

student users history (to 
check if the user 
has already 
completed the 
lesson) 

time, username, 
book title 

paused 
book 

student  time, username, 
book title 

complete a 
lesson 

student  time, username, 
ōƻƻƪ ǘƛǘƭŜΣ ǳǎŜǊΩǎ 
answers 

 

4.8.4 Data minimization  

Based on the previous Chapter, ǘƘŜ ǎǘƻǊŜŘ ǳǎŜǊΩǎ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎΥ username, password, 
first name, last name, teacher, classroom, model. Each one of them is necessary for at 
least one important reason in the scope of the Narrate project.  

Data minimization also covers the aspect of revealing the data to authorized users. A 
user should have access only to personal data that is necessary for fulfilling the 
corresponding duties within the overall framework of data processing. Access rights 
should be adjusted based on the expert's role and expertise to ensure a proportional 
approach. For example, experts conducting statistical analysis should not have access to 
students' identification data. Therefore, pseudo-anonymizing such data is a necessary 
measure in these cases. 

For each student, a personalized model is required, which is updated properly based on 
ǘƘŜ ǳǎŜǊΩǎ ǇǊƻƎǊŜǎǎΦ ¢Ƙƛǎ ǇŜǊǎƻƴŀƭƛȊŜŘ ƳƻŘŜƭ ƛǎ ŎŀƭƭŜŘ ΨǇǊƻŦƛƭŜΩΦ ¢Ƙƛǎ ǇǊƻŦƛƭŜ ƛǎ ŀƴ 
instantiation of the domain model, annotated with information about the user 
performance on each part of the model.  

The user needs to log into the Narrate system ς through the available web applications 
- with personal credentials (username and password). The password has to be known 
only to the user for a valid authentication and inside the system is stored in an 
appropriate irreversible unreadable form.  

The teacher is responsible for supervising the whole procedure, for each one of the 
assigned students ŀƴŘ ƳƻƴƛǘƻǊ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻƎǊŜǎǎ ς through retrieval of the data 
stored into the system. First name, last name and classroom title are necessary to 
identify students, overview their progress and adjust the learning process via individual 
assignments. These data are also necessary for the statistical analysis.  

The e-mail address is necessary in order to have a direct means of communication for 
various either informative reasons or for authentication purposes. 
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The data retention period corresponds to the time required to fulfill the intended 
purposes, specifically, the duration for which schools or teachers wish to conduct 
educational trials. If a user withdraws their consent for processing, as outlined below, 
all their personal data will be permanently deleted. 

4.8.5 Data Transfer  

There will be no personal data transfer, in the context of the Narrate project, 
outside the European Union. 
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5 Domain Models and Profiles 
 

Domain Models are central to the D_Read-Narrate system, as they store all 
linguistic and pedagogical information required to model the steps involved in Greek 
language acquisition. Domain models incorporate different linguistic levels including 
phonology, morphology, and syntax. Each linguistic level consists of one or more 
language structures called categories, and in turn, each category contains a set of 
linguistic phenomena, the linguistic features. For example, derivational and inflectional 
ǎǳŦŦƛȄŜǎ ŀǊŜ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ƳƻǊǇƘƻƭƻƎȅΣ ǿƘƛƭŜ ǎǳŦŦƛȄŜǎ ά-ʱˁʽ, -ʱˁʹˌΣ -ʱˁˇˌέ ŀƴŘ ά-ʾˍˋʰέ ŀǊŜ 
two features that belong to derivational suffixes.  

The linguistic levels and categories that are stored in the Domain Models are 
summarized in the following figure. 

 

For each linguistic feature, the following information is stored within the D_Read-
Narrate system: 

- Linguistic level and category 
- Description of the corresponding linguistic phenomenon 
- Examples demonstrating typical instances of the feature 
- A ǊŀǘƛƴƎ ƻŦ ŘƛŦŦƛŎǳƭǘȅΣ ƛƴŘƛŎŀǘƛƴƎ ŜŀŎƘ ŦŜŀǘǳǊŜΩǎ ŘƛŦŦƛŎǳƭǘȅ ƻǊ ŎƻƳǇƭŜȄƛǘȅ. The 

difficulty is relative to the rest of the features within the same linguistic level and 
is stored as a positive integer value. 

As Domain Models describe the learning journey for language acquisition, several 
learning paths can be followed. All these paths obey specific rules where specific sets of 
features must be acquired before other sets. For example, phonological features of 
difficulty one, i.e. of minimum difficulty, must be adequately mastered before 

ωGrapheme phoneme correspondencePhonology

ωDerivational suffixes

ωInflectional suffixes

ωPrefixing
Morphology

ωFunction words

ωEmbedding

ωPassives

ωDiscource anaphors

Syntax
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phonological features of greater difficulty. These rules form the Domain Model 
prerequisites.  

Prerequisites refer to sets of features that precede other sets in the learning 
process. In the D_Read-Narrate system these sets are called cluster nodes. Cluster nodes 
are defined based on the linguistic level and the difficulty of each feature. In other 
words, two features belong to the same cluster node if they have the same linguistic 
level and the same difficulty. Cluster nodes form a partition of the linguistic features 
since every feature belongs to a linguistic level and has a given difficulty value. 

5.1 Domain Models  

For D_Read-narrate, two Domain Models for the Greek language have been 
developed by the experts for (a) children that have Greek as their mother language (L1-
Domain-Model) and (b) for children that are bilingual (L2-Domain-Model). The two 
Domain Models include the same linguistic phenomena and therefore store the same 
properties for their language categories and features. However, the difficulty of a 
feature may not be the same between the two models. For example, the derivation 
ǎǳŦŦƛȄƛƴƎ ŦŜŀǘǳǊŜǎ ά-ʱˁʽΣ -ʱˁʹˌΣ -ʱˁˇˌέ ŀƴŘ ά-ʾˍˋʰέ ƘŀǾŜ ŘƛŦŦƛŎǳƭǘȅ н ƛƴ [м-Domain-Model 
and difficulty 3 in L2-Domain-Model. These differences impact the learning paths that 
are available through the prerequisites. Since these features belong to different cluster-
nodes in the two Domain Models, a learner of L1-Domain-Model will come across them 
earlier than a learner of L2-Domain-Model. The number of features per cluster node for 
the two Domain Models is shown in the table below. 

 L1 L2   L1 L2   L1 L2 

P-1:  18 5  M-1:  28 4  S-1:  18 5 

P-2: 59 13  M-2: 39 20  S-2: 30 12 

P-3:  31 59  M-3:  42 21  S-3:  32 19 

P-4:  7 38  M-4:  31 95  S-4:  5 49 
Table 5-1: The number of linguistic features per Cluster and Domain Model 

5.2 Representation of Domain Models  

Domain Models are implemented as Directed Acyclic Graphs (DAG), that is graphs 
with directed edges and no directed cycles. Cluster nodes, i.e. groups of features with 
the same linguistic level and difficulty, correspond to the nodes of the graph. Directed 
edges of the graph indicate that the source node is a prerequisite for the target node, 
and must therefore be adequately mastered before the target node. The DAG formed 
by the Domain Models is illustrated in the following figure. For short the cluster nodes 
are represented with a letter (P for phonology, M for morphology, and S for syntax) and 
a number indicating the linguistic level and the difficulty of the features it contains. For 
example, cluster node M-1 contains features with linguistic level Morphology and 
difficulty one, and is a prerequisite for cluster node M-2. For implementation purposes, 
as cluster nodes may contain a large number of features, cluster subgroups are defined. 
A cluster subgroup contains the feature of a cluster node that also has the same 
linguistic category. For example, Morphology contains three categories: Derivational 
Suffixing, Inflectional Suffixing and Prefixing. The features of the cluster node of M-1 are 
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partitioned into three cluster subgroups, one for each category. The cluster subgroup of 
M-1 for Prefixing contains features with linguistic level Morphology, difficulty 1, and 
category Prefixing. For more details, refer to Chapter 8: User Adaptation Component. 

 

Three distinct mastery levels are defined for cluster nodes, namely learn, practice, 
and mastered. Initially, a cluster node has its mastery level set to άlearnέ. As the student 
progresses the mastery level becomes άpracticeέ and later on άmasteredέ. In order to 
reach ǘƘŜ άpracticeέ level, the student must have played a minimum number of games 
targeting features of the cluster node and achieved at least a predefined level of success. 
A similar mechanism defines mastery level.  

6 For example, consider cluster node P-1 of the L1-
Domain-Model, (contains features with linguistic level 
Phonology and difficulty one). The practice level 
requires 100 questions (through games) with 80% of 
them being correctly answered (i.e. at least 80 correct 
answers), while the mastered level requires 120 
questions with 90% or correct percentage (i.e. at least 
102 correct answers). The definition of ñpracticeò and 
ñmasteredò levels for the cluster nodes of the Domain 

tπм 

tπн 

 

tπо 

  

tπп 
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Models is provided in Appendix ([New] Narrator/ 
Reader App 

6.1 Example of the JSON Object corresponding to the userôs 
answer  

{ 
  "id": 938, 
  "narratorBook": { 
    "id": 6, 
    "book": "BOOK_6", 
    "enabled": true 
  }, 
  "storyExercise": { 
    "openCards": [ 
      true, 
      true, 
      true, 
      true, 
      true, 
      true, 
      true, 
      true, 
      true, 
      true, 
      true 
    ], 
    "whenIndices": [ 
      { 
        "start": 131, 
        "end": 150, 
        ϦǘŜȄǘϦΥ Ϧaʷˋʰ ˋʶ ˂ʾʴʶˌ ˃ʷˊʶˌϦ 
      }, 
      { 
        "start": 286, 
        "end": 307, 
        "textϦΥ Ϧʵʷˁʰ ˇ˂ˈˁ˂ʹˊʰ ˔ˊˈ˄ʽʰ Ϧ 
      } 
    ], 
    "whereIndices": [ 
      { 
        "start": 93, 
        "end": 129, 
        "textϦΥ Ϧʷˁʰ˄ʶ ʹ ˋˎʴʴˊʰ˒ʷʰˌ ɼʰ˂˂ʽˈˉʹ ʅ˒ʰʷ˂˂ˇˎϦ 
      }, 
      { 
        "start": 318, 
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        "end": 324, 
        ϦǘŜȄǘϦΥ Ϧ˃ʰˁˊʽʱϦ 
      }, 
      { 
        "start": 325, 
        "end": 337, 
        "textϦΥ Ϧʰˉˈ ˍʰ ˋˉʾˍʽϦ 
      }, 
      { 
        "start": 167, 
        "end": 172, 
        ϦǘŜȄǘϦΥ Ϧ ˍˇˎˌϦ 
      } 
    ], 
    "whoIndices": [ 
      { 
        "start": 168, 
        "end": 200, 
        "textϦΥ Ϧˍˇˎˌ ʵˎˇ ˉʽˇ ʰ˄ʵˊʶʾˇˎˌ ʰˊ˔ʹʴˇˏˌ Ϧ 
      }, 
      { 
        "start": 206, 
        "end": 209, 
        ϦǘŜȄǘϦΥ Ϧˍˇ˄Ϧ 
      }, 
      { 
        "start": 210, 
        "end": 217, 
        ϦǘŜȄǘϦΥ Ϧɮ˔ʽ˂˂ʷʰϦ 
      }, 
      { 
        "start": 222, 
        "end": 232, 
        ϦǘŜȄǘϦΥ Ϧˍˇ˄ ɮʾʰ˄ˍʰϦ 
      }, 
      { 
        "start": 434, 
        "end": 442, 
        ϦǘŜȄǘϦΥ ϦʁʵˎˋˋʷʰˌϦ 
      }, 
      { 
        "start": 749, 
        "end": 759, 
        ϦǘŜȄǘϦΥ Ϧɮʴʰ˃ʷ˃˄ˇ˄ʰϦ 
      }, 
      { 
        "start": 1042, 
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        "end": 1052, 
        ϦǘŜȄǘϦΥ Ϧɮˉˈ˂˂˖˄ʰΦ Ϧ 
      }, 
      { 
        "start": 154, 
        "end": 160, 
        ϦǘŜȄǘϦΥ Ϧɮ˔ʰʽˇʾϦ 
      }, 
      { 
        "start": 1052, 
        "end": 1060, 
        ϦǘŜȄǘϦΥ Ϧʁʽ ʆˊ˗ʶˌϦ 
      } 
    ], 
    "highlightedSolution": false, 
    "parts": [ 
      [], 
      [], 
      [] 
    ], 
    "partsImages": [ 
      [ 
        [ 
          "story_6_1.jpg" 
        ] 
      ], 
      [ 
        [ 
          "story_6_2.jpg" 
        ], 
        [ 
          "story_6_3.jpg", 
          "story_6_4.jpg" 
        ], 
        [ 
          "story_6_5.jpg" 
        ] 
      ], 
      [ 
        [ 
          "story_6_6.jpg" 
        ] 
      ] 
    ], 
    "highlightedParagraphSolution": true, 
    "clouds": [ 
      [ 
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        true, 
        true, 
        true, 
        true 
      ], 
      [ 
        true, 
        true, 
        true, 
        true, 
        true 
      ], 
      [ 
        true, 
        true, 
        true 
      ], 
      [ 
        false, 
        true 
      ] 
    ] 
  }, 
  "narrateA": { 
    "images": [ 
      [ 
        [ 
          "narrate_a6_1.jpeg", 
          "" 
        ] 
      ], 
      [ 
        [ 
          "narrate_a6_2.jpeg", 
          "narrate_a6_3.jpeg" 
        ], 
        [ 
          "narrate_a6_4.jpeg", 
          "narrate_a6_5.jpeg" 
        ], 
        [ 
          "narrate_a6_6.jpg", 
          "narrate_a6_7.jpg" 
        ] 
      ], 
      [ 
        [ 
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          "narrate_a6_8.jpeg" 
        ] 
      ] 
    ], 
    "clouds": [ 
      [ 
        true, 
        true, 
        true, 
        true 
      ], 
      [ 
        true, 
        true, 
        true, 
        true, 
        true 
      ], 
      [ 
        true, 
        true, 
        true 
      ], 
      [ 
        true, 
        true 
      ] 
    ] 
  }, 
  "narrateB": { 
    "imagesWho": { 
      ϦƴŀǊǊŀǘŜψōсψсΦƧǇƎϦΥ Ϧɾʾ˂ˍˇˌΣ ˇ ʲˇʹʻˈˌ ˍ˖˄ ʸ˗˖˄ϦΣ 
      ϦƴŀǊǊŀǘŜψōсψмΦǇƴƎϦΥ Ϧɽʷ˖˄ϦΣ 
      ϦƴŀǊǊŀǘŜψōсψоΦƧǇƎϦΥ Ϧʅ˖ˍʺˊʹˌΣ ˇ ˉˎˊˇˋʲʷˋˍʹˌϦ 
    }, 
    "imagesWhere": { 
      ϦƴŀǊǊŀǘŜψōсψммΦƧǇƎϦΥ ϦʆˋʾˊˁˇϦ 
    }, 
    "imagesWhen": { 
      ϦƴŀǊǊŀǘŜψōсψмрΦƧǇƎϦΥ Ϧɿˏ˔ˍʰ ˃ʶ ˅ʰˋˍʶˊʽʱϦ 
    } 
  }, 
  "studentEvalA": { 
    "evalScores": [ 
      Ϧɾʱ˂˂ˇ˄ ˈ˔ʽΦϦΣ 
      Ϧɴˍˋʽ ˁʽ ʷˍˋʽΦϦΣ 
      Ϧɼʰʽ ʲʷʲʰʽʰΗϦ 
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    ], 
    "questions": [ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˍˇ˄ ˍˈˉˇΣ ˍˇ ˔ˊˈ˄ˇ ˁʰʽ ˍˇˎˌ ʺˊ˖ʶˌΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˈ˂ʰ ˍʰ ʴʶʴˇ˄ˈˍʰ ˃ʶ ˍʹ ˋʶʽˊʱ ˉˇˎ ʷʴʽ˄ʰ˄ΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˋˎ˄ʰʽˋʻʺ˃ʰˍʰ ˁʰʽ ˉʶˊʽʴˊʰ˒ʷˌ ˍ˖˄ ʹˊ˗˖˄ ˁʰʽ ˍ˖˄ ʴʶʴˇ˄ˈˍ˖˄ΤϦΣ 
      Ϧʋˊʹˋʽ˃ˇˉˇʾʹˋʶˌ ˂ʷ˅ʶʽˌ ˁʰʽ ʶˁ˒ˊʱˋʶʽˌ ˔ˊˈ˄ˇˎ όˉΦ˔Φ ˈˍʰ˄Σ ˃ʶˍʱΣ ˍˇ ʱ˂˂ˇ ˉˊ˖ʾύΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˉ˗ˌ ˍʶ˂ʶʽ˗˄ʶʽ ʹ ʽˋˍˇˊʾʰ ˁʰʽ ˉˇʽˇ ʺˍʰ˄ ˍˇ ˍʶ˂ʽˁˈ ˋˎ˃ˉʷˊʰˋ˃ʰΤϦ 
    ], 
    "answers": [ 
      0, 
      1, 
      1, 
      2, 
      2 
    ] 
  }, 
  "studentEvalB": { 
    "evalScores": [ 
      Ϧɾʱ˂˂ˇ˄ ˈ˔ʽΦϦΣ 
      Ϧɴˍˋʽ ˁʽ ʷˍˋʽΦϦΣ 
      Ϧɼʰʽ ʲʷʲʰʽʰΗϦ 
    ], 
    "questions": [ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˍˇ˄ ˍˈˉˇΣ ˍˇ ˔ˊˈ˄ˇ ˁʰʽ ˍˇˎˌ ʺˊ˖ʶˌΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˈ˂ʰ ˍʰ ʴʶʴˇ˄ˈˍʰ ˃ʶ ˍʹ ˋʶʽˊʱ ˉˇˎ ʷʴʽ˄ʰ˄ΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˋˎ˄ʰʽˋʻʺ˃ʰˍʰ ˁʰʽ ˉʶˊʽʴˊʰ˒ʷˌ ˍ˖˄ ʹˊ˗˖˄ ˁʰʽ ˍ˖˄ ʴʶʴˇ˄ˈˍ˖˄ΤϦΣ 
      Ϧʋˊʹˋʽ˃ˇˉˇʾʹˋʶˌ ˂ʷ˅ʶʽˌ ˁʰʽ ʶˁ˒ˊʱˋʶʽˌ ˔ˊˈ˄ˇˎ όˉΦ˔Φ ˈˍʰ˄Σ ˃ʶˍʱΣ ˍˇ ʱ˂˂ˇ ˉˊ˖ʾύΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˉ˗ˌ ˍʶ˂ʶʽ˗˄ʶʽ ʹ ʽˋˍˇˊʾʰ ˁʰʽ ˉˇʽˇ ʺˍʰ˄ ˍˇ ˍʶ˂ʽˁˈ ˋˎ˃ˉʷˊʰˋ˃ʰΤϦ 
    ], 
    "answers": [ 
      2, 
      2, 
      1, 
      2, 
      1 
    ] 
  }, 
  "teacherEval": { 
    "evalScores": [ 
      Ϧɮˉˇˏˋʰ ʺ ˁʰʻˈ˂ˇˎ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺϦΣ 
      Ϧʅʶ ˃ʽˁˊˈ ʲʰʻ˃ˈ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺϦΣ 
      Ϧɾʷˍˊʽʰ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺϦΣ 
      Ϧɮˊˁʶˍʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺϦΣ 
      Ϧʃˇ˂ˏ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺϦ 
    ], 
    "questions": [ 
      Ϧʃʶˊʽʴˊʰ˒ʺ ˍˈˉˇˎΣ ˔ˊˈ˄ˇˎ ˁʰʽ ʹˊ˗˖˄ΦϦΣ 
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      Ϧɮ˄ʰ˒ˇˊʱ ˁʰʽ ˉʶˊʽʴˊʰ˒ʺ ˈ˂˖˄ ˍ˖˄ ʴʶʴˇ˄ˈˍ˖˄ ˃ʶ ˍʹ ˋʶʽˊʱ ˉˇˎ ʷʴʽ˄ʰ˄ΦϦΣ 
      Ϧʃʶˊʽʴˊʰ˒ʷˌ ˁʰʽ ʰ˄ʰ˒ˇˊʱ ˋʶ ˋˎ˄ʰʽˋʻʺ˃ʰˍʰΦϦΣ 
      Ϧɮ˄ʰ˒ˇˊʱ ˋʶ ˔ˊˇ˄ʽˁʷˌ ˋ˔ʷˋʶʽˌ ˃ʶ ˍʽˌ ˁʰˍʱ˂˂ʹ˂ʶˌ ˂ʷ˅ʶʽˌ ˁʰʽ ʶˁ˒ˊʱˋʶʽˌΦϦΣ 
      Ϧɮ˄ʰ˒ˇˊʱ ˋʶ ˋ˔ʷˋʶʽˌ ʰʽˍʾˇˎ ˁʰʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌ ˃ʶ ˍʽˌ ˁʰˍʱ˂˂ʹ˂ʶˌ ˂ʷ˅ʶʽˌ ˁʰʽ 
ʶˁ˒ˊʱˋʶʽˌΦϦΣ 
      Ϧɮ˄ʰ˒ˇˊʱ ˋˍˇ ˉ˗ˌ ˍʶ˂ʶʽ˗˄ʶʽ ʹ ʽˋˍˇˊʾʰ ˁʰʽ ˉˇʽˇ ʺˍʰ˄ ˍˇ ˍʶ˂ʽˁˈ ˋˎ˃ˉʷˊʰˋ˃ʰΦϦΣ 
      Ϧʅˎ˄ˇ˔ʺ ˁʰʽ ˍʹ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰΦϦΣ 
      Ϧʋˊʺˋʹ ˂ʶ˅ʽ˂ˇʴʾˇˎ όʶˉʽˊˊʺ˃ʰˍʰΣ ʶˉʾʻʶˍʰΣ ˁ˂ˉΦύΦϦΣ 
      Ϧʋˊʺˋʹ ʴˊʰ˃˃ʰˍʽˁʺˌ όʵˇ˃ʺ ˉˊˈˍʰˋʹˌΣ ˁ˂ʽˍʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌ ˁ˂ˉΦύΦϦ 
    ], 
    "answers": [ 
      3, 
      3, 
      1, 
      3, 
      3, 
      3, 
      3, 
      3, 
      4 
    ] 
  }, 
  "reachedIndex": 14 
} 
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Model thresholds and settings). 

Apart from mastery level, a cluster node is active if it has no prerequisites or if all 
its prerequisites are adequately mastered. Adequately means that the student has 
practiced a minimum number of features of the prerequisite cluster node and has 
achieved at least a minimum level of success. The necessary information for this 
unlocking mechanism is stored on the directed edges of the graph. For example, cluster 
node P-1 is a prerequisite for cluster node P-2 (features of Phonology with difficulty 
two). P-2 becomes active (for the L1-Domain-Model) when the student has practiced 30 
questions for features of P-1 with 60% of the correct percentage.  

7 A cluster node may also become inactive based on 
the mastery of its prerequisites. This locking 
mechanism is similar to the one described above. The 
directed edge representing the prerequisite is also 
equipped with a locking percentage indicating that if 
the mastery of the source node becomes smaller, 
then the target node is deactivated. For the previous 
example, if the student has 50% of correct answers 
for P-1 or less, then P-2 becomes inactive. In 
Appendix ([New] Narrator/ Reader App 

7.1 Example of the JSON Object corresponding to the userôs 
answer  

{ 
  "id": 938, 
  "narratorBook": { 
    "id": 6, 
    "book": "BOOK_6", 
    "enabled": true 
  }, 
  "storyExercise": { 
    "openCards": [ 
      true, 
      true, 
      true, 
      true, 
      true, 
      true, 
      true, 
      true, 
      true, 
      true, 
      true 
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    ], 
    "whenIndices": [ 
      { 
        "start": 131, 
        "end": 150, 
        ϦǘŜȄǘϦΥ Ϧaʷˋʰ ˋʶ ˂ʾʴʶˌ ˃ʷˊʶˌϦ 
      }, 
      { 
        "start": 286, 
        "end": 307, 
        "textϦΥ Ϧʵʷˁʰ ˇ˂ˈˁ˂ʹˊʰ ˔ˊˈ˄ʽʰ Ϧ 
      } 
    ], 
    "whereIndices": [ 
      { 
        "start": 93, 
        "end": 129, 
        "textϦΥ Ϧʷˁʰ˄ʶ ʹ ˋˎʴʴˊʰ˒ʷʰˌ ɼʰ˂˂ʽˈˉʹ ʅ˒ʰʷ˂˂ˇˎϦ 
      }, 
      { 
        "start": 318, 
        "end": 324, 
        ϦǘŜȄǘϦΥ Ϧ˃ʰˁˊʽʱϦ 
      }, 
      { 
        "start": 325, 
        "end": 337, 
        "textϦΥ Ϧʰˉˈ ˍʰ ˋˉʾˍʽϦ 
      }, 
      { 
        "start": 167, 
        "end": 172, 
        ϦǘŜȄǘϦΥ Ϧ ˍˇˎˌϦ 
      } 
    ], 
    "whoIndices": [ 
      { 
        "start": 168, 
        "end": 200, 
        "textϦΥ Ϧˍˇˎˌ ʵˎˇ ˉʽˇ ʰ˄ʵˊʶʾˇˎˌ ʰˊ˔ʹʴˇˏˌ Ϧ 
      }, 
      { 
        "start": 206, 
        "end": 209, 
        ϦǘŜȄǘϦΥ Ϧˍˇ˄Ϧ 
      }, 
      { 
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        "start": 210, 
        "end": 217, 
        ϦǘŜȄǘϦΥ Ϧɮ˔ʽ˂˂ʷʰϦ 
      }, 
      { 
        "start": 222, 
        "end": 232, 
        ϦǘŜȄǘϦΥ Ϧˍˇ˄ ɮʾʰ˄ˍʰϦ 
      }, 
      { 
        "start": 434, 
        "end": 442, 
        ϦǘŜȄǘϦΥ ϦʁʵˎˋˋʷʰˌϦ 
      }, 
      { 
        "start": 749, 
        "end": 759, 
        ϦǘŜȄǘϦΥ Ϧɮʴʰ˃ʷ˃˄ˇ˄ʰϦ 
      }, 
      { 
        "start": 1042, 
        "end": 1052, 
        ϦǘŜȄǘϦΥ Ϧɮˉˈ˂˂˖˄ʰΦ Ϧ 
      }, 
      { 
        "start": 154, 
        "end": 160, 
        ϦǘŜȄǘϦΥ Ϧɮ˔ʰʽˇʾϦ 
      }, 
      { 
        "start": 1052, 
        "end": 1060, 
        ϦǘŜȄǘϦΥ Ϧʁʽ ʆˊ˗ʶˌϦ 
      } 
    ], 
    "highlightedSolution": false, 
    "parts": [ 
      [], 
      [], 
      [] 
    ], 
    "partsImages": [ 
      [ 
        [ 
          "story_6_1.jpg" 
        ] 
      ], 
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      [ 
        [ 
          "story_6_2.jpg" 
        ], 
        [ 
          "story_6_3.jpg", 
          "story_6_4.jpg" 
        ], 
        [ 
          "story_6_5.jpg" 
        ] 
      ], 
      [ 
        [ 
          "story_6_6.jpg" 
        ] 
      ] 
    ], 
    "highlightedParagraphSolution": true, 
    "clouds": [ 
      [ 
        true, 
        true, 
        true, 
        true 
      ], 
      [ 
        true, 
        true, 
        true, 
        true, 
        true 
      ], 
      [ 
        true, 
        true, 
        true 
      ], 
      [ 
        false, 
        true 
      ] 
    ] 
  }, 
  "narrateA": { 
    "images": [ 
      [ 
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        [ 
          "narrate_a6_1.jpeg", 
          "" 
        ] 
      ], 
      [ 
        [ 
          "narrate_a6_2.jpeg", 
          "narrate_a6_3.jpeg" 
        ], 
        [ 
          "narrate_a6_4.jpeg", 
          "narrate_a6_5.jpeg" 
        ], 
        [ 
          "narrate_a6_6.jpg", 
          "narrate_a6_7.jpg" 
        ] 
      ], 
      [ 
        [ 
          "narrate_a6_8.jpeg" 
        ] 
      ] 
    ], 
    "clouds": [ 
      [ 
        true, 
        true, 
        true, 
        true 
      ], 
      [ 
        true, 
        true, 
        true, 
        true, 
        true 
      ], 
      [ 
        true, 
        true, 
        true 
      ], 
      [ 
        true, 
        true 
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      ] 
    ] 
  }, 
  "narrateB": { 
    "imagesWho": { 
      ϦƴŀǊǊŀǘŜψōсψсΦƧǇƎϦΥ Ϧɾʾ˂ˍˇˌΣ ˇ ʲˇʹʻˈˌ ˍ˖˄ ʸ˗˖˄ϦΣ 
      ϦƴŀǊǊŀǘŜψōсψмΦǇƴƎϦΥ Ϧɽʷ˖˄ϦΣ 
      ϦƴŀǊǊŀǘŜψōсψоΦƧǇƎϦΥ Ϧʅ˖ˍʺˊʹˌΣ ˇ ˉˎˊˇˋʲʷˋˍʹˌϦ 
    }, 
    "imagesWhere": { 
      ϦƴŀǊǊŀǘŜψōсψммΦƧǇƎϦΥ ϦʆˋʾˊˁˇϦ 
    }, 
    "imagesWhen": { 
      ϦƴŀǊǊŀǘŜψōсψмрΦƧǇƎϦΥ Ϧɿˏ˔ˍʰ ˃ʶ ˅ʰˋˍʶˊʽʱϦ 
    } 
  }, 
  "studentEvalA": { 
    "evalScores": [ 
      Ϧɾʱ˂˂ˇ˄ ˈ˔ʽΦϦΣ 
      Ϧɴˍˋʽ ˁʽ ʷˍˋʽΦϦΣ 
      Ϧɼʰʽ ʲʷʲʰʽʰΗϦ 
    ], 
    "questions": [ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˍˇ˄ ˍˈˉˇΣ ˍˇ ˔ˊˈ˄ˇ ˁʰʽ ˍˇˎˌ ʺˊ˖ʶˌΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˈ˂ʰ ˍʰ ʴʶʴˇ˄ˈˍʰ ˃ʶ ˍʹ ˋʶʽˊʱ ˉˇˎ ʷʴʽ˄ʰ˄ΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˋˎ˄ʰʽˋʻʺ˃ʰˍʰ ˁʰʽ ˉʶˊʽʴˊʰ˒ʷˌ ˍ˖˄ ʹˊ˗˖˄ ˁʰʽ ˍ˖˄ ʴʶʴˇ˄ˈˍ˖˄ΤϦΣ 
      Ϧʋˊʹˋʽ˃ˇˉˇʾʹˋʶˌ ˂ʷ˅ʶʽˌ ˁʰʽ ʶˁ˒ˊʱˋʶʽˌ ˔ˊˈ˄ˇˎ όˉΦ˔Φ ˈˍʰ˄Σ ˃ʶˍʱΣ ˍˇ ʱ˂˂ˇ ˉˊ˖ʾύΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˉ˗ˌ ˍʶ˂ʶʽ˗˄ʶʽ ʹ ʽˋˍˇˊʾʰ ˁʰʽ ˉˇʽˇ ʺˍʰ˄ ˍˇ ˍʶ˂ʽˁˈ ˋˎ˃ˉʷˊʰˋ˃ʰΤϦ 
    ], 
    "answers": [ 
      0, 
      1, 
      1, 
      2, 
      2 
    ] 
  }, 
  "studentEvalB": { 
    "evalScores": [ 
      Ϧɾʱ˂˂ˇ˄ ˈ˔ʽΦϦΣ 
      Ϧɴˍˋʽ ˁʽ ʷˍˋʽΦϦΣ 
      Ϧɼʰʽ ʲʷʲʰʽʰΗϦ 
    ], 
    "questions": [ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˍˇ˄ ˍˈˉˇΣ ˍˇ ˔ˊˈ˄ˇ ˁʰʽ ˍˇˎˌ ʺˊ˖ʶˌΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˈ˂ʰ ˍʰ ʴʶʴˇ˄ˈˍʰ ˃ʶ ˍʹ ˋʶʽˊʱ ˉˇˎ ʷʴʽ˄ʰ˄ΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˋˎ˄ʰʽˋʻʺ˃ʰˍʰ ˁʰʽ ˉʶˊʽʴˊʰ˒ʷˌ ˍ˖˄ ʹˊ˗˖˄ ˁʰʽ ˍ˖˄ ʴʶʴˇ˄ˈˍ˖˄ΤϦΣ 
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      Ϧʋˊʹˋʽ˃ˇˉˇʾʹˋʶˌ ˂ʷ˅ʶʽˌ ˁʰʽ ʶˁ˒ˊʱˋʶʽˌ ˔ˊˈ˄ˇˎ όˉΦ˔Φ ˈˍʰ˄Σ ˃ʶˍʱΣ ˍˇ ʱ˂˂ˇ ˉˊ˖ʾύΤϦΣ 
      Ϧɮ˄ʷ˒ʶˊʶˌ ˉ˗ˌ ˍʶ˂ʶʽ˗˄ʶʽ ʹ ʽˋˍˇˊʾʰ ˁʰʽ ˉˇʽˇ ʺˍʰ˄ ˍˇ ˍʶ˂ʽˁˈ ˋˎ˃ˉʷˊʰˋ˃ʰΤϦ 
    ], 
    "answers": [ 
      2, 
      2, 
      1, 
      2, 
      1 
    ] 
  }, 
  "teacherEval": { 
    "evalScores": [ 
      Ϧɮˉˇˏˋʰ ʺ ˁʰʻˈ˂ˇˎ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺϦΣ 
      Ϧʅʶ ˃ʽˁˊˈ ʲʰʻ˃ˈ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺϦΣ 
      Ϧɾʷˍˊʽʰ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺϦΣ 
      Ϧɮˊˁʶˍʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺϦΣ 
      Ϧʃˇ˂ˏ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺϦ 
    ], 
    "questions": [ 
      Ϧʃʶˊʽʴˊʰ˒ʺ ˍˈˉˇˎΣ ˔ˊˈ˄ˇˎ ˁʰʽ ʹˊ˗˖˄ΦϦΣ 
      Ϧɮ˄ʰ˒ˇˊʱ ˁʰʽ ˉʶˊʽʴˊʰ˒ʺ ˈ˂˖˄ ˍ˖˄ ʴʶʴˇ˄ˈˍ˖˄ ˃ʶ ˍʹ ˋʶʽˊʱ ˉˇˎ ʷʴʽ˄ʰ˄ΦϦΣ 
      Ϧʃʶˊʽʴˊʰ˒ʷˌ ˁʰʽ ʰ˄ʰ˒ˇˊʱ ˋʶ ˋˎ˄ʰʽˋʻʺ˃ʰˍʰΦϦΣ 
      Ϧɮ˄ʰ˒ˇˊʱ ˋʶ ˔ˊˇ˄ʽˁʷˌ ˋ˔ʷˋʶʽˌ ˃ʶ ˍʽˌ ˁʰˍʱ˂˂ʹ˂ʶˌ ˂ʷ˅ʶʽˌ ˁʰʽ ʶˁ˒ˊʱˋʶʽˌΦϦΣ 
      Ϧɮ˄ʰ˒ˇˊʱ ˋʶ ˋ˔ʷˋʶʽˌ ʰʽˍʾˇˎ ˁʰʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌ ˃ʶ ˍʽˌ ˁʰˍʱ˂˂ʹ˂ʶˌ ˂ʷ˅ʶʽˌ ˁʰʽ 
ʶˁ˒ˊʱˋʶʽˌΦϦΣ 
      Ϧɮ˄ʰ˒ˇˊʱ ˋˍˇ ˉ˗ˌ ˍʶ˂ʶʽ˗˄ʶʽ ʹ ʽˋˍˇˊʾʰ ˁʰʽ ˉˇʽˇ ʺˍʰ˄ ˍˇ ˍʶ˂ʽˁˈ ˋˎ˃ˉʷˊʰˋ˃ʰΦϦΣ 
      Ϧʅˎ˄ˇ˔ʺ ˁʰʽ ˍʹ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰΦϦΣ 
      Ϧʋˊʺˋʹ ˂ʶ˅ʽ˂ˇʴʾˇˎ όʶˉʽˊˊʺ˃ʰˍʰΣ ʶˉʾʻʶˍʰΣ ˁ˂ˉΦύΦϦΣ 
      Ϧʋˊʺˋʹ ʴˊʰ˃˃ʰˍʽˁʺˌ όʵˇ˃ʺ ˉˊˈˍʰˋʹˌΣ ˁ˂ʽˍʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌ ˁ˂ˉΦύΦϦ 
    ], 
    "answers": [ 
      3, 
      3, 
      1, 
      3, 
      3, 
      3, 
      3, 
      3, 
      4 
    ] 
  }, 
  "reachedIndex": 14 
} 

  



PUBLIC D6 FINAL D_READ-NARRATE SOFTWARE DEMO 

   

 Page 41   
 

 

Model thresholds and settings) is provided the unlocking/locking details related to 
the prerequisites of the Domain Models. 

7.2 Student  Profiles  

Domain Models contain the ŜȄǇŜǊǘǎΩ ƪƴƻǿƭŜŘƎŜ ƻŦ ƭŀƴƎǳŀƎŜ acquisition and 
encapsulate all possible learning paths a student may follow. The mechanisms for 
enabling cluster nodes along with mastery levels, provide the means for individualized 
ƭŜŀǊƴƛƴƎ ǇŀǘƘǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ŜŀŎƘ ǎǘǳŘŜƴǘΩǎ ǎǘǊŜƴƎǘƘǎ ŀƴŘ ǿŜŀƪƴŜǎǎŜǎΦ Personalized 
learning paths are stored as student profiles. 

A student profile is an instance of a specific domain model for that student. The 
profile is also a DAG and gets initiated as a copy of the corresponding domain model 
with specific initialization values. Starting with a new profile, a student can only work on 
a subset of the problems contained in the profile, in particular features of the cluster 
nodes that are active in the profile, as determined by the initialization values. When the 
student uses the designed games to work on features of a cluster node, the competence 
level (i.e. the number of questions answered and the number of correct answers) for 
this cluster node of the ǎǘǳŘŜƴǘΩǎ profile gets updated. 

¢ƘŜ ŎƭǳǎǘŜǊ ƴƻŘŜǎ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜ ǘƘŀǘ ŀǊŜ ŀŎŎŜǎǎƛōƭŜ ŀǊŜ determined by: 

a) Which edges that point to this cluster node have their requirements satisfied, 
ǿƘƛŎƘ ƛƴ ǘǳǊƴ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ŎƻƳǇŜǘŜƴŎŜ ƭŜǾŜƭ ƻƴ ǇǊŜǊŜǉǳƛǎƛǘŜ ŎƭǳǎǘŜǊ 
nodes 

b) ¢ƘŜ ŎƭǳǎǘŜǊ ƴƻŘŜΩǎ ŜƴŀōƭŜƳŜƴǘ ŦǳƴŎǘƛƻƴ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ŘƻƳŀƛƴ ƳƻŘŜƭΦ 

Therefore, although all student profiles of the same Domain Model have the same 
graph representation, the cluster nodes that are available for each student differ, as 
ǘƘŜȅ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻƎǊŜǎǎΦ 

Therefore, for each student profile data is stored related to the number of 
questions the student has come across the activities and the number of correct answers 
provided while playing. This information is important when determining the accessible 
ŎƭǳǎǘŜǊ ƴƻŘŜǎ ƻŦ ŀ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜ ŀƴŘ ǘƘŜƛǊ ƳŀǎǘŜǊȅ ƭŜvel. Similar data is stored for 
subgroup nodes and individual features of each profile. This fine-grained information 
ŀƭƭƻǿǎ ǘŜŀŎƘŜǊǎ ǘƻ ƳƻƴƛǘƻǊ ŜŀŎƘ ǎǘǳŘŜƴǘΩǎ ǇǊƻƎǊŜǎǎ at different levels (linguistic level, 
category, ŀƴŘ ŦŜŀǘǳǊŜύΣ ǊŜǾŜŀƭƛƴƎ ǇƻǎǎƛōƭŜ ǿŜŀƪƴŜǎǎŜǎ ƛƴ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ƭŜŀǊƴƛƴƎ 
experience. Additionally, as discussed in the adaptivity Chapter (Chapter 8: User 
Adaptation Component), this data is important when choosing games and content for 
the student. 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŦƛƎǳǊŜǎ ǾƛǎǳŀƭƛȊŜ ǘƘŜ ǎǘŀǘŜ ƻŦ ŀ ǳǎŜǊΩǎ ǇǊƻŦƛƭŜ ŀƴŘ Ƙƻǿ ǘƘŜ ǳƴƭƻŎƪƛƴƎ 
and locking mechanisms work, in the L1-Domain-Model.  



PUBLIC D6 FINAL D_READ-NARRATE SOFTWARE DEMO 

   

 Page 42   
 

 

 

Figure 7-1: Profile stage 1 

 

In the Figure 7-1: Profile stage 1, cluster node of the ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜ Ƙŀǎ the status 
άpracticeέ, since the student has answered the required 100 questions with 80% of them 
being correct. Cluster nodes P-2 and M-1 have mastery level άlearnέ, as the required 
percentage of 80% for the next level (practice) is not reached. On the other hand, cluster 
node P-3 is in learn mode, since the required number of 100 questions is not reached. 
Cluster nodes P-1, P-2, P-3 and M-1 are active. Cluster node M-2 has two prerequisites: 
the edge from M-1 is active since the required number of questions (30) and the correct 
percentage (60%) are achieved, and the edge from P-3 is not active as the student has 
answered only 50 of the 60 required questions. 

Assuming that the student reaches the goal of 60 questions for P-3 with 80% of 
correct answers, the prerequisite edge from P-3 to M-2 gets enabled and cluster node 
M-2 becomes active with mastery level άlearnέ (Figure 7-2).  
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Figure 7-2: Profile stage 2 

In the next step, the user plays for P-2, increasing the number of questions, but 
ŘŜŎǊŜŀǎƛƴƎ ǘƘŜ ŎƻǊǊŜŎǘ ǇŜǊŎŜƴǘŀƎŜ ǘƻ рр҈Φ ¢ƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜ Ƙŀǎ ǘƘŜ ǎŀƳŜ ǎǘŀǘŜ ŀǎ 
before. However, if the correct percentage of P-2 falls down to 50%, the locking 
mechanisms of its out-going edges are triggered. As a consequence, cluster nodes M-1 
and P-3 are inactivated (Figure 7-3). Note that cluster node M-2 remains active despite 
the fact that its prerequisite cluster nodes are not active. 
  

 
Figure 7-3: Profile stage 3 
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8 User Adaptation Component 
 

In order to provide personalized content for each student (while keeping the 
option for teachers to choose activities and content for one or more students), the 
adaptivity component designed based on specific rules provided by the language experts 
and the data stored by the infrastructure. The design process of the adaptivity 
component led to decisions related to how mastery is ǎǘƻǊŜŘ ƛƴ ǎǘǳŘŜƴǘǎΩ ǇǊƻŦƛƭŜǎ, how 
and when a profile is re-evaluated, and how the different ǊǳƭŜǎ ŀŦŦŜŎǘ ǘƘŜ ǇƭŀȅŜǊΩǎ 
experience. 

The main objectives of the adaptivity component are to select one or more 
ŀŎǘƛǾƛǘƛŜǎ ŦƻǊ ŀ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜ ŀƴŘ ǘƻ ƎŜƴŜǊŀǘŜ ŀǇǇǊƻǇǊƛŀǘŜ ŎƻƴǘŜƴǘ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜƳΦ 
When an activity is selected for a student, an assignment is stored in the system, similar 
to the case where the teacher assigns a specific activity to a group of students. The main 
difference is that the adaptivity component is responsible for deciding which activity is 
Ƴƻǎǘ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜΦ Lƴ ōƻǘƘ ǎŎŜƴŀǊƛƻǎΣ ŎƻƴǘŜƴǘ ƛǎ ƎŜƴerated solely 
by the adaptivity component. Content generation occurs when an assignment is created 
and it is stored within the D_Read-narrate system.  

8.1 Selecting activities  

Available activities for each Domain Model are designed by the experts and stored 
in the infrastructure. Each activity targets a specific feature of the Domain Model using 
one of the available games. So, in order to select an activity, a target feature of the 
ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜ Ƴǳǎǘ ōŜ ǇƛŎƪŜŘ ŦƛǊǎǘΦ ¢Ƙƛǎ ŎƘƻƛŎŜ ƛǎ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘƘǊŜŜ ǎǘŜǇǎΦ CƛǊǎǘ ŀƴ 
ŀŎǘƛǾŜ ŎƭǳǎǘŜǊ ƴƻŘŜ ƛǎ ǎŜƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜΣ ǘƘŜƴ ŀ ǎǳōƎǊƻǳǇ ƴƻŘŜ ƻŦ ǘƘƛǎ 
cluster, and finally a feature of the subgroup. 

8.2 Cluster node selection  

Firstly, active cluster nodes of the profile are selected. A weight value has been 
assigned to each cluster node that is computed based on its mastery level, its 
competence. This is the number of questions answered and the number of correct 
answers, as well as the existence of outgoing edges that are not active. Cluster nodes 
are separated into three groups: (a) mastered nodes, (b) nodes with learn as mastery 
level and all outgoing edges being active, and (c) nodes with learn as mastery level and 
at least one inactive outgoing edge. Mastered nodes are ignored if there exist nodes 
with a mastery level equal to άlearnέ. Otherwise, the second group has a total 
probability of 33.33%, and the third one probability of 66.67%. In any case cluster nodes 
within the same group get the same probability of being selected. The selected 
probabilities reflect the rule that ǘƘŜ ǎȅǎǘŜƳΩǎ primary target is to unlock the next cluster 
nodes and then improve competence on already active nodes.  

The exact formulas which are used can be found below: 
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Let ά, ὰ and ὰ   be the number of mastered nodes, learn nodes with at least one 
inactive outgoing edge, and learn nodes with all outgoing edges active, respectively. For 
cluster node ὲ, its probability ὖ is computed as follows: 

If ὲ is a mastered node then ὖ
πȟ ÉÆ ὰ ὰ π

ράϳ ȟ ÏÔÈÅÒ×ÉÓÅ 
 

If ὲ is a learn node with at least one inactive outgoing edge then  

ὖ
ςσὰϳ ȟ ÉÆ  ὰ π

ρὰϳ ȟ ÏÔÈÅÒ×ÉÓÅ 
 

Otherwise, ὲ is a learn node with only active outgoing edges and 

ὖ
ρσὰϳ ȟ ÉÆ  ὰ π

ρὰϳ ȟ ÏÔÈÅÒ×ÉÓÅ 
 

Note that in all cases the sum of the probabilities for all cluster nodes equals 1. 

8.3 Cluster subgroup  selection  

This step applies only when the selected cluster node has at least two cluster 
subgroups. Similarly, to cluster nodes, a weight value has been assigned to each cluster 
subgroup that is computed from its competence, that is the number of questions 
answered and the number of correct answers. A cluster subgroup ί is denoted by ή and 
ὧ the number of questions and correct answers respectively. Cluster subgroups are 
ordered on decreasing number of questions and then two groups are created. The first 
one consists of those subgroups whose number of questions differs at least 10 from the 
maximum. In other words, if ί is the first subgroup in the given ordering, the first group 
contains subgroups ί with ή ή ρπ. Subgroups in this group have the same 

probability and the total probability equals 66.67%. The second group contains all 
subgroups with different probabilities each. Here it has been taken into account the 
number of correct answers over the number of questions, that is the ratio of successful 
answers. For subgroup ί define its weight ύ ρ ὧ ήϳ . Note that, a smaller ratio of 
correct answers corresponds to higher weight, and consequently to a higher probability 
of being selected. The total probability of the second group equals 33.33%. The selected 
probabilities reflect the rule that ǘƘŜ ǎȅǎǘŜƳΩǎ primary target is to equally expose the 
student to all subgroups, and then to improve.  

The exact formulas which are used can be found below: 

Let ίȟίȟȣȟί be the cluster subgroups ordered by decreasing number of questions. 
Let Ὧ be the number of subgroups in the first group. For subgroup ί, its probability ὖ is 
computed as follows: 

If the first group is empty, then ὖ
В

. Otherwise, if ί does not belong to the first 

group ὖ
В

, and if it belongs to the first group ὖ
В

. 

Note that in all cases the sum of the probabilities for all cluster subgroups equals 1. 
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8.4 Feature  selection  

Features from a specific cluster subgroup are selected similarly to cluster 
subgroups. The aim is for students to be equally exposed to all features of the subgroup, 
and subsequently to improve where needed. The first group consists of those features 
whose number of questions differs by at least 10 from the maximum with equal 
probability each, and total probability equal to 66.67%. The second group contains all 
features with weighted probabilities that sum up to 33.33%.  

For the sake of completeness, the exact formulas which are used can be found 
below: 

Let ὪȟὪȟȣȟὪ be the features ordered by decreasing number of questions. Let Ὧ be the 
number of features in the first group. For feature Ὢ, its probability ὖ is computed as 

follows: 

If the first group is empty, then ὖ
В

. Otherwise, if Ὢ does not belong to the first 

group ὖ
В

, and if it belongs to the first group ὖ
В

. 

Note that in all cases the sum of the probabilities for all cluster subgroups equals 1. 

Once a target feature is selected, several activities can be utilized for practice. 
{ƛƴŎŜ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ŀƭǎƻ ŀǎǎƛƎƴŜŘ ŀ ŘƛŦŦƛŎǳƭǘȅ ǊŀƴƪΣ ǘƘŜ ǎŜƭŜŎǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǎǘǳŘŜƴǘΩǎ 
ŎƻƳǇŜǘŜƴŎŜΦ {ǇŜŎƛŦƛŎŀƭƭȅΣ ƛŦ ǘƘŜ ǳǎŜǊΩǎ ŎƻƳǇŜǘŜƴŎŜ ƛǎ ōŜƭƻǿ сл҈Σ ŀƴ ŀŎǘƛǾƛǘȅ ǿith 
difficulty level 1 is chosen with a probability of 66.67%, or an activity with difficulty level 
н ǿƛǘƘ ŀ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ооΦоо҈Φ /ƻƴǾŜǊǎŜƭȅΣ ƛŦ ǘƘŜ ǳǎŜǊΩǎ ŎƻƳǇŜǘŜƴŎŜ ƛǎ ŀōƻǾŜ сл҈Σ ŀƴ 
activity with difficulty level 2 is selected with a probability of 66.67% or an activity with 
difficulty level 1 with a probability of 33.33%. 

8.5 Selecting content  

Content for games is generated by the adaptivity component. If an activity is 
automatically selected by the system for a student, then its content is generated and 
stored in the infrastructure. If on the other hand, a teacher makes an assignment, the 
content generated is the same for all students and stored in the same way. Storing 
content makes the system more efficient and allows the student to continue playing an 
unfinished game. Content generation consists of two main parts: the selection of correct 
words (or target words) and the selection of distracting words.  

Primary words are selected from the target feature of the activity, or a group of 
target features. In the latter case, half of the words contain the target feature and the 
other half contain other features of the group. All words are filtered based on 
restrictions defined by the activity. Such restrictions usually refer to the position the 
feature occurs, e.g. start, end. The final list of primary words is created randomly from 
the filtered lists. 

Distracting words are selected from a list of distracting features. Distracting words 
are filtered based on the restrictions defined by the activity, and do not contain any of 
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the target features. Furthermore, since distracting features may belong to active or 
ƛƴŀŎǘƛǾŜ ŎƭǳǎǘŜǊǎ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜΣ ƘŀƭŦ ŘƛǎǘǊŀŎǘƛƴƎ ǿƻǊŘǎ are selected from active 
distracting features and the other half from the inactive distracting features. The final 
list of distracting words is derived based on their similarity to primary words.  

The similarity of two words is calculated by considering the following: 

a) Phoneme similarity: difference in number of phonemes between the two words 
b) cv-form similarity: difference in length of cv-from between the two words, 
ǎǳƳƳŜŘ ǳǇ ǿƛǘƘ ŀƭƭ ŘƛŦŦŜǊŜƴǘ ƻŎŎǳǊǊŜƴŎŜǎ ƻŦ ΨŎΩ ƻǊ ΨǾΩ ƛƴ ǘƘŜ ŎǾ-forms. 

c) Length similarity: difference in number of characters between the two words 
d) Phoneme similarity is stronger than cv-form similarity, while length similarity is 

weaker than the others. The similarities of each distracting word against primary 
words are summed up and distracting words are selected based on their total 
similarity. 

For the case of syntax activities, possible content is predefined and provided by 
the experts. For each such activity, a pool of 10 content options is stored in the 
infrastructure. Correct options and distractors are determined beforehand, so content 
generation consists of selecting randomly one option from the pool. 
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9 Game Server Specification and Design 
 

This section focuses on the technical work carried out to support the interaction 
of the games with the infrastructure. In a high-level description, a student logs in the 
system and starts playing the games. The games ask the system for a specific number of 
activities (by default three). The adaptivity component selects language features from 
the ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜ and for each one of them an appropriate activity. For the activity 
to start, personalized content is created, stored in the system and delivered to the game 
application. At the end of each activity, the game application sends a log entry to the 
system reporting the ǎǘǳŘŜƴǘΩǎ progress. If necessary, the system updates the 
competence of the student ŦƻǊ ǘƘŜ ŦŜŀǘǳǊŜǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ŀŎǘƛǾƛǘȅ ŀƴŘ ǘƘŜ ǎǘǳŘŜƴǘΩǎ 
profile is reevaluated for active cluster nodes. This process is repeated until the student 
quits playing. 

The implementation was carried out on three levels: resources, business logic, and 
API endpoints. In the following sections are provided details for the effort on each level. 

9.1 Game Server Resources  

The core concepts of the game server are activities and content. Activities are 
defined as a combination of a Domain Model target feature, a specific game to deliver 
content, and a difficulty value. Furthermore, activities contain information related to 
content generation, while content has a rigid structure and is created by the adaptivity 
component. The data that is being stored in the infrastructure as part of the game server 
includes games, activities, assignments, content, and content-resources, namely words 
and sentences. 

9.2 Games 

There are totally five games currently supported by the D_Read-narrate system. 
Each game has a unique identifier (integer id) and a unique name. Furthermore, each 
game has several parameters, such as number-of-allowed-failures, which denotes how 
many times the student can make a wrong selection in the game before failing, number-
of-choices, number-of-correct and number-of-incorrect, which define the total choices 
displayed in the game, and how many of them are correct and incorrect, respectively. 
Each parameter is characterized by a minimum value, a maximum value, and a default 
value. For each game, the following are stored: 

- its integer id 
- its name 
- the list of parameters with minimum/maximum/default values 

The following table summarizes the names and default parameter values for the 
supported games. 

Game failures choices correct Incorrect 

Magic Maze 5 15 5 10 
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Cave Bridge  1 3 1 2 

River Boat 1 3 1 2 

Barrels 1 3 1 2 

Air Balloon 5 15 5 10 

9.3 Activities  

As already mentioned, activities are related to a single Domain Model target 
feature for a specific game and have a predefined difficulty. Hence this information is 
stored within activities in the system. However, the exact definition of activities as 
entities in the infrastructure is more complex since information about content 
generation is also included. Activities are specified by the linguist experts and are 
provided in a non-machine readable format (in an Excel file). Each line of this input file 
gives rise to several activities that have the same game, difficulty, and way of generating 
content. The values for the target feature are given as custom groups and the rules for 
generating content are descriptive (human readable). These rules have been translated 
to machine readable functions in JSON format. that incorporate all requirements posed 
by the experts, yet have a concise and simple structure.  

The activities define several ways of displaying content. For example, the student 
may be asked to recognize words with specific characteristics, or the student may be 
asked to fill in the blanks with letters in order to create one single word. So, depending 
on the required outcome, the following input types for the activities are defined: 

- Words: content consists of correct words and incorrect words. 
- Suffix-options/Prefix-options: part of the word is visible and the student is asked 

to select the correct suffix/prefix. 
- Grapheme-options: the student is asked to fill in the missing letters of the word  
- Cluster-options: the student is asked to select the appropriate chunk of letters 

to create a word 
- Sentences: the student is asked to identify correct parts of sentences. 

Evidently correct and distracting content is defined differently in activities of different 
input type. For each activity two more attributes are stored in JSON format: the correct-
function and the distracting-function. The defined functions have the following 
attributes: 

- Function: determines the way to select correct or distracting content.  
- Param: used in case function attribute requires some input parameter to be 

computed. 
- Rest: restrictions to apply to words. The restrictions imposed by the experts are 

related to the position of the feature (target or distracting) in the word. The 
values used are START and MIDDLE indicating that the feature occurs at the 
beginning of the word or in middle position, that is neither at the beginning nor 
at the end. 

The function attribute may take the following values: 
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Feature: Indicates that words are selected from a single feature. This type of function 
appears only for correct input. 

FeatureList: Indicates that words are selected from a set of features. The set of features 
is given in the param attribute of the JSON representation. This type of function may 
appear for correct and incorrect input. As described in the User Adaptation Component, 
when a set of features is used for distracting words, the selection takes into account 
ǿƘŜǘƘŜǊ ǘƘŜǎŜ ŦŜŀǘǳǊŜǎ ŀǊŜ ŀŎǘƛǾŜ ƻǊ ƴƻǘ ƛƴ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜΦ 

FeatureGroup: This type of function appears only for distracting input. Here several sets 
of features may be defined, and generalizes the previous type (FeatureList). The goal is 
to select words uniformly from all sets, that is approximately the same number of words 
per set of features. The User Adaptation Component selects words from every set 
separately, and the final selection depends on the desired number of words per set and 
whether some set contains enough words or not. 

List: The List function appears for distracting options when generating content for Prefix, 
Suffix, Grapheme and Cluster options. The available distractors are computed based on 
the provided specification and then are stored as a list in the param attribute. 

SentenceList: This function appears only for input-type sentences and the param 
attribute stores the ids of the sentence-resources that accompany this activity. 

For example, the correct function 

{ 
"function": "feature", 
"rest": {"pos":"START"} 

} 

indicates that correct input is selected from the target feature of the activity and should 
appear at the beginning of the selected words, and the distracting function 

{ 
"function": "featureList", 
"param": [257, 258, 259, 260], 
"rest": {"pos":"START"} 

} 

Indicates that distracting input is selected from features with ids between 257 and 
260 and under the restriction that the feature appears at the beginning of the word. 
Note that the target feature(s) of the activity are always excluded from distracting 
content, that is an additional restriction is added by the User Adaptation Component 
which excludes any word containing the specific features regardless of position. 

The following table summarizes all combinations of functions and input types: 
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Function Words Prefix/Suffix 
options 

Grapheme/Cluster 
options 

Sentences 

Correct feature,  
featureList 

feature List sentenceList 

Incorrect featureList, 
featureGroup 

feature List  

 

Activities are further equipped with (a) an instructive question to display for the 
activity, (b) a feedback sentence that could be displayed in case of erroneous response 
and (c) a flag that allows us to deactivate or activate an activity. Overall, in the 
infrastructure the following information is stored for activities: 

- Activity id: the internal integer identifier 
- Model id: the name of the Domain Model the target feature belongs to 
- Feature id: the internal identifier of the target feature of the activity 
- Game id: the internal identifier of the game 
- 5ƛŦŦƛŎǳƭǘȅΥ ǘƘŜ ƛƴǘŜƎŜǊ ǾŀƭǳŜ ƻŦ ǘƘŜ ŀŎǘƛǾƛǘȅΩǎ ŘƛŦŦƛŎǳƭǘȅ 
- Input-type: the type of input used for content 
- Correct-function: the function for selecting correct input in JSON format 
- Distracting-function: the function for selecting distracting content in JSON 

format 
- Question: instruction sentence 
- Feedback: sentence to display as feedback 
- Enabled: Boolean flag indicating if the activity is enabled/disabled             

9.4 Game Content  

Game content is generated on the fly by the User Adaptation Component, when 
(a) a teacher assigns an activity to a set of students, and (b) when an activity is selected 
automatically after a request from the game application. Generated content is stored in 
JSON format along with a unique identifier (uuid). The details on the JSON attributes 
that form game content will be given shortly, when discussing the business logic of the 
game server. Storing game content allows to reload content if needed, for example if a 
student starts playing with an activity, stops before completing it and starts over again 
at another time. Additionally, assigned activities by teachers get the same content for 
all students, allowing the teacher to better explain the activity in the classroom since all 
pupils will be seeing the same input in the game application. Especially for assigned 
activities, content generation becomes more efficient, since it is precomputed and can 
be retrieved much faster than being generated on the fly. Finally, stored content could 
allow, if needed, to precompute content for a fixed number of future activities per 
ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜΦ CƻǊ ƎŀƳŜ ŎƻƴǘŜƴǘ the following information is stored: 

- Content uuid: the unique identifier 
- Game content: content for an activity in JSON format. 
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9.5 Words  and Sentences  

The D_Read-Narrate system makes heavy use of word and sentence resources. 
Words form an appropriate child dictionary whose lemmas have been chosen carefully 
by the linguist experts. The dictionary contains standard information, such as 
syllabification, phonological transcription, grapheme-phoneme correspondence, word 
length, etc. More importantly, each word is annotated with Domain Model information, 
that is, all occurrences of linguistic features of both Domain Models are annotated and 
stored in the infrastructure. The Greek child dictionary employed by D_READ-NARRATE 
was developed and implemented as a collaboration of the NTUA team with the UoI 
linguistic experts in the context of the iRead project. The dictionary lemmas and the 
feature occurrences are stored in separate database tables, where indexing and caching 
allow for efficient join searches. The dictionary is also available at dictionary application 
(Dictionary Web Application), where authorized users may browse words that contain 
specific features. 

On the other hand, sentences are resources that are used purely for content 
generation. All information required to provide content for syntax activities is included 
within a sentence resource. There are two types of activities related to sentences. In the 
first one, a sentence is displayed with an instructive question and the student is asked 
to select a phrase from the sentence. The second type displays a sentence with missing 
parts and the student is asked to fill in the blanks with the appropriate words from a set 
of options. The correct part of the sentence, or the correct and incorrect options for the 
blanks have been fully determined by the linguist experts. For every syntax activity, 
content is generated by one sentence resource, which is drawn from a pool of 10 
available sentences.  

9.6 Assignments  

As it is already mentioned, activities can be assigned to students by a teacher, or 
there can be an automatic selection of activities ŦƻǊ ŀ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜΦ CǳǊǘƘŜǊƳƻǊŜΣ 
content for assigned activities is stored in the D_Read-Narrate system. Assignments 
contain data related to activities being assigned to a specific profile, either automatically 
or by the teacher. So, assignments are formed by assigned-activities. One assignment 
may refer to many assigned-activities, while an assigned-activity belongs to a single 
assignment. When the student uses the game application and plays with the assigned-
ŀŎǘƛǾƛǘƛŜǎ ƻŦ ŀ ǎǇŜŎƛŦƛŎ ŀǎǎƛƎƴƳŜƴǘΣ ǘƘŜ ǎŜǎǎƛƻƴ ƛŘ ƻŦ ǘƘŜ ǳǎŜǊΩǎ ŎƻƴƴŜŎǘƛƻƴ ǘƻ ǘƘŜ ǎȅǎǘŜƳ 
ƛǎ ŀƭǎƻ ǎǘƻǊŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŀǎǎƛƎƴŜŘ ŀŎǘƛǾƛǘȅ ŀƴŘ ǘƘŜ ŀǎǎƛƎƴƳŜƴǘΩǎ Řŀǘŀ. In order to 
support the scenario where a student can restart an unfinished assigned-activity, a 
Boolean value indicates whether the assigned-activity is completed or not. A similar flag 
is used for the assignment, where an assignment is completed if and only if all its 
assigned-activities are completed. 

For an assignment, the following properties are stored: 

- Assignment id: the internal integer identifier of the assignment 
- SǳƎƎŜǎǘŜŘ ōȅΥ ǘƘŜ ǘŜŀŎƘŜǊΩǎ ƴŀƳŜ ƻǊ ƴǳƭƭ ƛƴ ŎŀǎŜ ƻŦ ŀǳǘƻƳŀǘƛŎ ŀǎǎƛƎƴƳŜƴǘ 
- PǊƻŦƛƭŜ ƛŘΥ ǘƘŜ ƛƴǘŜǊƴŀƭ ƛŘŜƴǘƛŦƛŜǊ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜ 
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- SŜǎǎƛƻƴ ƛŘΥ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǎŜǎǎƛƻƴ ƛŘ when activities from this assignment are used 
by the game application 

- Completed: true if all its assigned-activities are completed 

For an assigned-activity there are the following parameters: 

- Assigned activity id: internal identifier 
- Activity id: the internal identifier of the activity that is assigned 
- Assignment id: the internal identifier of the corresponding assignment  
- {Ŝǎǎƛƻƴ ƛŘΥ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǎŜǎǎƛƻƴ ƛŘ ǿƘŜƴ ǘƘƛǎ ŀŎǘƛǾƛǘȅ ƛǎ ǳǎŜŘ ōȅ ǘƘŜ ƎŀƳŜ 

application 
- Content id: the uuid of the generated content for this activity 
- Completed: true if the assigned-activity is completed 

For example, assume that a teacher makes an assignment of two activities (act-1 
and act-2) to two students (std-1 and std-2). Then two assignments are created, one for 
each student: 

 Assignment-1 Assignment-2 

Assignment ass-1 ass-2 

Suggested by teacher teacher 

Student std-1 std-2 

 

For each assignment two assigned activities are stored, one for act-1 and one for 
act-2. Note that both assigned activities that correspond to act-1 (act-2) have the same 
content: cont-1 (cont-2, respectively). 

 Assignment-1 
 activity-1 

Assignment-1 
activity-2 

Assignment-2 
activity-1 

Assignment-2 
activity-2 

Assigned activity ass-act-1-1 ass-act-1-2 ass-act-2-1 ass-act-2-2 

Activity act-1 act-2 act-q act-2 

Assignment ass-1 ass-1 ass-2 ass-2 

Content id cont-1 cont-2 cont-1 cont-2 

9.7 Business logic  

Content generation takes place at the business layer. All required information that 
needs to be fetched from the service layer is delegated to the corresponding service 
beans. For a single activity, the activity information for content generation is retrieved 
ŦǊƻƳ ǘƘŜ ƎŀƳŜ ǎŜǊǾŜǊ ŘŀǘŀōŀǎŜΣ ǘƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜ ƛǎ ǊŜŀŘ ŦǊƻƳ ǘƘŜ ǇǊƻŦƛƭŜ 
service and content resources (words or sentences) are fetched from the resource 
engine. Then the adaptivity component makes a personalized choice for the content 
resources that will be delivered to the game application. The game content is created, 
stored and sent back. Recall that content generation for activities varies based on the 
input-type of the content, as well as the correct and incorrect functions that are used. 
During the designing of the structure of activities, the goal was to include all required 
information in a unified way, that is to have a simple JSON structure that can 
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accommodate easily different specifications. Similarly, the JSON structure for content is 
designed to comply with all mechanics used by the game application, to be simple and 
as straightforward as possible to generate. The JSON representation of the game 
content has the following attributes: 

- QuestionΥ ǘƘƛǎ ƛǎ ǘƘŜ ƛƴǎǘǊǳŎǘƛǾŜ ǉǳŜǎǘƛƻƴ ǎǘƻǊŜŘ ƛƴ ǘƘŜ ŀŎǘƛǾƛǘȅΩǎ ŘŀǘŀΣ ƻǊ ǘƘŜ 
ǉǳŜǎǘƛƻƴ ƻŦ ǘƘŜ ǎŜƭŜŎǘŜŘ ǎŜƴǘŜƴŎŜ όƛƴ ŎŀǎŜ ƻŦ άǎŜƴǘŜƴŎŜǎέ ƛƴǇǳǘ-type activity) 

- Context: this attribute is present only in games where there exist blanks that the 
student must fill in. It is used to display either a word with missing parts or a 
sentence with missing words. It is a JSON array of string primitives 

- Options: A JSON array of available options stored as string primitives 
- Correct: A JSON array of integers indicating the indices of correct options 
- FeedbackΥ ǘƘŜ ŦŜŜŘōŀŎƪ ǎǘƻǊŜŘ ƛƴ ǘƘŜ ŀŎǘƛǾƛǘȅΩǎ Řŀǘŀ ƻǊ ƛƴ ǘƘŜ ǎŜƭŜŎǘŜŘ ǎŜƴǘŜƴŎŜ 

resource. 
- Resources: JSON array holding information about the resources used for content. 

For each content resource its id is stored (the word or sentence internal unique 
identifier), the internal identifier of the Domain Model feature the resource was 
ǎŜƭŜŎǘŜŘ ŦƻǊΣ ŀƴŘ ŀ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƛǘǎ ǘȅǇŜΣ ƛΦŜΦ ά²hw5έ ƻǊ ά{9b¢9b/9έ 

CƻǊ ǿƻǊŘ ƭŜǾŜƭ ŀŎǘƛǾƛǘƛŜǎΣ ŀƭƭ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ƻŦ ǘȅǇŜ ά²hw5έΦ !ŎǘƛǾƛǘƛŜǎ ƻŦ ƛƴǇǳǘ-type 
άǿƻǊŘǎέ Řƻ ƴƻǘ ǇƻǇǳƭŀǘŜ ŎƻƴǘŜȄǘΣ ǿƘƛƭŜ ŀƭƭ ƻǘƘŜǊ ƛƴǇǳǘ-types, i.e. prefix/suffix options, 
grapheme and cluster options, use blanks where the target feature occurs. 

In the following example, the corresponding activity is of input-ǘȅǇŜ άǿƻǊŘǎέΥ 

{ 
"questionϦΥϦɲʽʱ˂ʶ˅ʶ ˂ʷ˅ʶʽˌ ˉˇˎ ˅ʶˁʽ˄ˇˏ˄ ʰˉˈ ˋˁΦϦΣ 
"context":[], 
"feedbackϦΥϦɲˇˁʾ˃ʰˋʶ ˉɦ ˂ʽΦϦΣ 
"optionsϦΥώϦˋˁˇˊʵʱˁʽϦΣϦˋˁˇʽ˄ʾϦΣϦˁ˂ʶ˒ˍʰˊʱϦΣϦˉˊˇˋʻʷˍ˖ϦΣϦˉˊʰˁˍʽˁˈϦΣϦˋˁʰ˃˄ʾϦϐΣ 
"correct": [0,1,5], 
"resources": [ 
{"resourceId":7032,"featureId":251,"type":"WORD"}, 
{"resourceId":7020,"featureId":251,"type":"WORD"}, 
{"resourceId":6436,"featureId":253,"type":"WORD"}, 
{"resourceId":6532,"featureId":252,"type":"WORD"}, 
{"resourceId":5703,"featureId":252,"type":"WORD"}, 
{"resourceId":6975,"featureId":251,"type":"WORD"}] 

} 

The context array is empty and all selected words, correct and distracting, are 
ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ άƻǇǘƛƻƴǎέ ŀǘǘǊƛōǳǘŜΦ !ƳƻƴƎ ǘƘŜƳ ǿƻǊŘǎ ǿƛǘƘ ƛƴŘƛŎŜǎ лΣ м ŀƴŘ р ŀǊŜ 
correct, that is words ϦˋˁˇˊʵʱˁʽϦΣϦˋˁˇʽ˄ʾϦ and Ϧˋˁʰ˃˄ʾϦ. Each word in the options array 
corresponds to a dictionary word in the resources array. The word ϦˋˁˇˊʵʱˁʽϦ is the 
word resource with id 7032 and was selected for target feature with id 251. The word 
"ˉˊˇˋʻʷˍ˖" is the word resource with id 6532 and was selected for distracting feature 
252.  
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The next example demonstrates content for an activity of input-ǘȅǇŜ άƎǊŀǇƘŜƳŜ-
ƻǇǘƛƻƴǎέΦ 

{ 
"questionϦΥϦɲʽʱ˂ʶ˅ʶ ˍʰ ˋ˖ˋˍʱ ʴˊʱ˃˃ʰˍʰ ʴʽʰ ˄ʰ ˒ˍʽʱ˅ʶʽˌ ˍʹ ˂ʷ˅ʹ ˋˉʽˍʽˁʺΦϦΣ 
"contextϦΥώϦψϦΣϦψϦΣϦʽϦΣϦˍʽϦΣϦˁʺϦϐΣ 
"feedbackϦΥϦɲʽʱʲʰˋʶ ˅ʰ˄ʱ ˍʹ˄ ˂ʷ˅ʹ ˁʰʽ ʵʶˌ ʰ˄ ʶʾ˄ʰʽ ˋ˖ˋˍʺΦϦΣ 
"options": ώϦˁϦΣϦˋϦΣϦ˂ϦΣϦˉϦϐΣ 
"correct": [1,3], 
"resources": [ 
{"resourceId":7202,"featureId":249,"type":"WORD"}] 

} 

For this activity a single word resource is selected, namely word "ˋˉʽˍʽˁʺ" with 
word resource id 7202 and targeting feature 249. The target feature is about cluster " 
ˋ -̄" at the beginning of words. In order to compute context, the feature occurrence is 
replaced with blanks: "_ _  ̔  ̱  ̔  ˁ  ̋", and then use the syllabification of the target word 
to split into blanks and syllable parts: ["_","_"," "̔,"ˍʽ","ˁ"̋] . With respect to options, 
correct choices are letters ϦˋϦ and ϦˉϦ. The other two options are randomly selected 
ŦǊƻƳ ǘƘŜ ƭƛǎǘ ƻŦ ŘƛǎǘǊŀŎǘƛƴƎ ƻǇǘƛƻƴǎ ƎƛǾŜƴ ƛƴ ǘƘŜ ŀŎǘƛǾƛǘȅΩǎ ŘƛǎǘǊŀŎǘƛƴƎ ŦǳƴŎǘƛƻƴΦ 

In appendix there are examples available for all input-types defined in the game 
server activities. 

9.8 API endpoints  

We give a brief description of the API endpoints that are used by the game 
application.  

9.8.1 Get Next Assignment  

/api/game/assignments/{profileName}?limit={limit} 

Used to get a specific number of activities with personalized content for a given 
profile. The limit parameter is optional with default value three. 

The Adaptivity Component is responsible for choosing the requested number of 
ŀŎǘƛǾƛǘƛŜǎ ǿƛǘƘ ǇŜǊǎƻƴŀƭƛȊŜŘ ŎƻƴǘŜƴǘΦ Lƴ ǘƘƛǎ ǇǊƻŎŜǎǎ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǳƴŎƻƳǇƭŜǘŜŘ 
assignments are first checked. If there exist teacher assignments that are not completed, 
the oldest one is selected. As the assignment is not completed it contains assigned 
activities that are also not completed. Hence the system selects the first uncompleted 
assigned activities with their already generated content. Note that the assignment may 
have fewer assigned activities available than the number requested. In this scenario the 
service will report fewer elements and will not mix activities from different assignments. 
If all teacher assignments are completed (or if none exist), then the oldest automatic 
assignment that is not completed is used similarly as before. Finally, if all assignments 
are completed (or there exist no assignments), a new one is created with the desired 
number of activities. The adaptivity component selects the target Domain Model 
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ŦŜŀǘǳǊŜǎ ŦǊƻƳ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜΣ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ǎŜƭŜŎǘǎ ǊŜǎƻǳǊŎŜǎ 
for content generation. 

The response JSON consists of a single attribute named "assignments" and is a 
JSON array of JSON objects each representing an assignment. The JSON representation 
of an assignment contains attributes related to the assignment data stored in the system 
όŀǎǎƛƎƴƳŜƴǘψƛŘΣ ǎŜǎǎƛƻƴψƛŘΣ ŎƻƳǇƭŜǘŜŘΣ ǇǊƻŦƛƭŜψƴŀƳŜύ ŀƴŘ ŀǘǘǊƛōǳǘŜ άŀŎǘƛǾƛǘƛŜǎέ ǿƘƛŎƘ ƛǎ 
a JSON array of the assigned-activities with content. Each assigned-activity is 
represented with attributes related to its data stored in the system 
("assigned_activity_id", "assignment_id", "session_id", "completed"), attributes related 
to the underlying activity ("game", "parameters", "activity_id") and attributes related to 
the generated content ("content_id", "data"). To better illustrate the response, an 
example is provided, where one assignment with one assigned-activity is returned 

{ 
    "assignments": [ 
        { 
            "assignment": { 
                "assignment_id": 17, 
                "session_id": "d8f717c4-b744-4cfe-b653-2cd082f8a46b", 
                "completed": false, 
                "profile_name": {profileName} 
            }, 
            "activities": [ 
                { 
                    "assigned_activity_id": 23, 
                    "assignment_id": 17, 
                    "session_id": "d8f717c4-b744-4cfe-b653-2cd082f8a46b", 
                    "completed": false, 
                    "game": "bridgyptian", 
                    "parameters": { 
                        "correct": 1, 
                        "incorrect": 2, 
                        "choices": 3, 
                        "fails": 1 
                    }, 
                    "activity_id": 21, 
                    "content_id": "d4fe513c-9450-40ee-bf58-48bb3bf7f034", 
                    "data": { 
                        //game content 
                    } 
                } 
            ] 
        } 
    ] 
} 
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9.8.2 Send Activity Ended Report  

/api/game /activityEnded/{profileName} 

Used to update competence and re-ŜǾŀƭǳŀǘŜ ǎǘǳŘŜƴǘΩǎ ǇǊƻŦƛƭŜ ōȅ ǇǊƻŎŜǎǎƛƴƎ ǘƘŜ 
given game-logs. The game-logs posted with the API service contain an array of JSON 
ƻōƧŜŎǘǎ όǳƴŘŜǊ ŀǘǘǊƛōǳǘŜ άŀŎǘƛǾƛǘƛŜǎέύ ǘƘŀǘ Ŏƻƴǘŀƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴΥ 

a) άŀǎǎƛƎƴŜŘ!ŎǘƛǾƛǘȅLŘέΥ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŦƛƴŘ ǘƘŜ ŀǎǎƛƎƴŜŘ-activity and its 
assignment 

b) άŜǾŜƴǘǎέΥ ŀƴ ŀǊǊŀȅ ƻŦ ƎŀƳŜ ŜǾŜƴǘǎ 

The last event reports whether the game was completed successfully, with failure 
or if it was aborted: 

{ 
 "actionType": "SUCCESS", 
 "timestamp": ... 
} 

Lƴ ŎŀǎŜ ƻŦ ŦŀƛƭǳǊŜ ŀǘǘǊƛōǳǘŜ άŀŎǘƛƻƴ¢ȅǇŜέ Ƙŀǎ ǾŀƭǳŜ άFAILέΣ ŀƴŘ ƛŦ ǘƘŜ ǎǘǳŘŜƴǘ ŘƛŘ ƴƻǘ 
ŎƻƳǇƭŜǘŜ ǘƘŜ ƎŀƳŜΣ ƛǘ Ƙŀǎ ǾŀƭǳŜ ά9·L¢έΦ 

All other events (except for the first one) report some user interaction, either a 
correct choice: 

{ 
 "actionType": "ANSWER", 
 "result": "CORRECT", 
 "details": 2, 
 "timestamp": ... 
} 

Or an incorrect one: 

{ 
 "actionType": "ANSWER", 
 "result": "CORRECT", 
 "details": 0, 
 "timestamp": ... 
} 

¢ƘŜ άŘŜǘŀƛƭǎέ ǇŀǊŀƳŜǘŜǊ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƛƴŘŜȄ ƻŦ ǘƘŜ ǎŜƭŜŎǘŜŘ ƛǘŜƳ ƛƴ ǘƘŜ άƻǇǘƛƻƴǎέ 
array of the game content.  

The system parses the game log and keeps the correct and incorrect options 
selected by the student. In order to compute the new competence of the involved 
profile features, there are two cases: when content is generated for an activity of input-
ǘȅǇŜ άǿƻǊŘǎέ ƻǊ ƴƻǘΦ The first case is the latter case, which is more straightforward. In 
this case, there is exactly one content resource (either a word or a sentence) that is 
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associated with the target feature of the activity and the game parameters allow for at 
Ƴƻǎǘ ƻƴŜ ƛƴŎƻǊǊŜŎǘ ŎƘƻƛŎŜΦ LŦ ǘƘŜ ŀŎǘƛǾƛǘȅ ŜƴŘŜŘ ǿƛǘƘ ά9·L¢έΣ ǘƘŜƴ ƴƻ ǳǇŘŀǘŜ ƛǎ ǇŜǊŦƻǊƳŜŘ 
(this assigned-activity will be again available the next time the user uses the game 
application). Otherwise, the number of questions is increased for the target feature by 
мΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ŎƻǊǊŜŎǘ ŀƴǎǿŜǊǎ Ŝǉǳŀƭǎ л ƛŦ ǘƘŜ ŀŎǘƛǾƛǘȅ ŜƴŘŜŘ ǿƛǘƘ άC!L[έΣ лΦр ƛŦ ǘƘŜ 
ŀŎǘƛǾƛǘȅ ŜƴŘŜŘ ǿƛǘƘ ά{¦//9{{έ ŀƴŘ ǘƘŜǊŜ ƛǎ ŀƴ ƛƴŎƻǊǊŜŎǘ ŀƴǎǿŜǊΣ ŀƴŘΣ м ƛŦ the activity 
ŜƴŘŜŘ ǿƛǘƘ ά{¦//9{{έ ŀƴŘ ȊŜǊƻ ƛƴŎƻǊǊŜŎǘ ŀƴǎǿŜǊǎΦ  

For the case where the activity is of input-ǘȅǇŜ άǿƻǊŘǎέΣ ƛŦ ǘƘŜ ƎŀƳŜǇƭŀȅ ŜƴŘǎ ǿƛǘƘ 
ά9·L¢έ ǘƘŜǊŜ ƛǎ ƴƻǘƘƛƴƎ ǘƻ ǳǇŘŀǘŜΦ hǘƘŜǊǿƛǎŜΣ ōŀǎŜŘ ƻƴ ǘƘŜ ƎŀƳŜ ŎƻƴǘŜƴǘΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊ 
the array of correct content responses and the array of used resources, it can be 
identified (a) the features used for correct input and those used for incorrect input, (b) 
the features for which the student gave correct answer and those for which the student 
made mistakes. For every feature used for correct input the total number of questions 
is increased by 1, and if the user correctly identified it, the number of correct answers is 
also increased by 1 (0 otherwise). For the features used for distracting input, their total 
number of questions is increased ōȅ лΦрΦ LŦ ǘƘŜ ŀŎǘƛǾƛǘȅ ŜƴŘŜŘ ǿƛǘƘ άC!L[έ ƴƻ ǇǊƻƎǊŜǎǎ 
will be recorded on the distracting features, i.e. their number of correct answers is not 
increased. Otherwise, the number of correct answers is increased by 0.5 only for those 
distracting features that the user did not select.  

In the following table the case of three options are considered, where the first one 
is correct, and the other two are incorrect. In the first scenario the user selects only 
option 1, in the second one the student selects options 2 and 1, and in the third fails by 
selecting options 2 and 3. 

 SUCCESS 
0 errors 

SUCCESS 
1 error 

FAIL 
2 errors 

1st feature questions: +1 
correct: +1 

questions: +1 
correct: +1 

questions: +1 
correct: - 

2nd feature questions: +0.5 
correct: +0.5 

questions: +0.5 
correct: - 

questions: +0.5 
correct: - 

3rd feature questions: +0.5 
correct: +0.5 

questions: +0.5 
correct: +0.5 

questions: +0.5 
correct: - 
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10 Core Infrastructure API 
 

This Chapter outlines key user flows and provides information about the available 
API. 

10.1 Example User flows  

In this Section, some basic flows will be described in detail in order to illustrate 
how the system components interact with one another, as well as how each action is 
authenticated and authorized throughout the Narrate system.  

10.1.1 User Authentication and Authorization  

This flow is the most important since every action inside the Narrate system 
follows these steps. 

¢ƘŜ ǳǎŜǊΩǎ ŦƛǊǎǘ ŀŎǘƛƻƴ ƛƴ ŀƴȅ ǿŜō ŀǇǇƭƛŎŀǘƛƻƴ ƛǎ ǘƻ ƭƻƎ ƛƴ through a specific 
application. After clicking the login button in the browser, a request is sent to the server. 
The application must verify that the user does not have an active session in the open 
browser. If no active session is found, the user is redirected to the Keycloak login page, 
where they can securely enter their account credentials. If the credentials are valid, the 
application receives an authentication code, which is exchanged for a new token. This 
token contains: a) the access token, b) the number of seconds in which it will be alive, 
c) the refresh token, and d) the number of seconds in which it will be alive. The access 
ǘƻƪŜƴ ŀƭƭƻǿǎ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ǘƻ ǊŜǘǊƛŜǾŜ ǘƘŜ ǳǎŜǊΩǎ ŘŜǘŀƛƭǎ and validate if the user is 
authorized to access the application (based on their role). Once authenticated and 
authorized, the user is redirected to the main page. 
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If the application attempts to communicate with the Infrastructure API and detects 
that the user's access token has expired, it will automatically attempt to refresh the 
token first. To refresh the token, the application sends a request containing the refresh 
token to the Keycloak service. If the refresh token has also expired, the user will be 
ǊŜŘƛǊŜŎǘŜŘ ǘƻ YŜȅŎƭƻŀƪΩǎ ƭƻƎƛƴ ǇŀƎŜ ǘƻ re-authenticate. If the refresh token is still valid, 
Keycloak will issue a new access token along with a new refresh token, allowing the 
application to continue functioning without requiring the user to log in again. 

 

If the user requests to log out from the browser by clicking the related button, the 
application sends a request to the Keycloak service with the current access token to 
deactivate the specific session. Afterward, the application clears the browser session 
and deletes the related ŎƻƻƪƛŜǎΦ CƛƴŀƭƭȅΣ ǘƘŜ ǳǎŜǊ ƛǎ ǊŜŘƛǊŜŎǘŜŘ ǘƻ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴΩǎ 
landing page, completing the logout process. 

 

If the user performs an action in the browser that requires the application to 
communicate with the Infrastructure API (e.g., to retrieve data), the application first 
checks the browser session. If the access token has not expired (otherwise, the 
application follows the refresh token flow), it sends a request to the Infrastructure API 
along with the access token. The Infrastructure service sends a request to the Keycloak 
to validate the received access token. If the token is valid, it then sends a second request 
ǘƻ ǊŜǘǊƛŜǾŜ ǘƘŜ ǳǎŜǊΩǎ ŘŜǘŀƛƭǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŀŎŎŜǎǎ ǘƻƪŜƴΦ ¦ǎƛƴƎ ǘƘŜǎŜ ŘŜǘŀƛƭǎΣ ǘƘŜ 
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Infrastructure service verifies whether the user is authorized to access the endpoint and 
if they are permitted to proceed with the requested action. Once the request is 
authenticated and authorized, the Infrastructure service produces the corresponding 
response and sends it back to the application. The application then sends the data to 
the browser to display it to the user, either by providing a direct response or by 
redirecting the user to a new page populated with the received data. 

 

10.1.2 User Get Next Assignment  

The user logs into the Game Web Application (as previously described) and, with 
an active session, starts a new game. The browser then requests activities and content 
needed to build the game scene. Using the active access token, the application retrieves 
ǘƘŜ ǳǎŜǊΩǎ ŘŜǘŀƛƭǎ ŦǊƻƳ YŜȅŎƭƻŀƪ ŀƴŘ ǎŜƴŘǎ ŀ ǊŜǉǳŜǎǘ ǘƻ ǘƘŜ LƴŦǊŀǎǘǊǳŎǘǳǊŜ !tL όŀǘ D9¢ 
/api/game/assignments/{profile_name}, where profile_name is replaced with the user's 
details) with the access token included in the request header. The Infrastructure service 
validates the incoming request by communicating with Keycloak, retrieves the user's 
details to authorize the request, and gathers the necessary user information to produce 
the response. Since the request is both authenticated, and authorized, the service 
searches for existing assignments or creates a new one automatically. For the selected 
activities, it generates the necessary personalized, and adaptive content. Finally, the 
service sends the response containing all the required data to the application, which 
forwards it to the browser. With this data, the browser constructs the corresponding 
game scene, and the user can proceed to play the game. 
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10.2 Infrastructure API  

The detailed API is available online at the following link (https://dread-
narrate.gr/narrate-infrastructure/swagger-ui/index.html#/). It is also available in the 
Appendix Chapter 19: Infrastructure API. 

 

 

 

  

https://dread-narrate.gr/narrate-infrastructure/swagger-ui/index.html#/
https://dread-narrate.gr/narrate-infrastructure/swagger-ui/index.html#/
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11 Game Application (Games) 
 

The Game web application is available at the address https://dread-
narrate.gr/narrate-games/. Alternatively, through the main page of the project, at 
https://dread-narrate.gr/ at the tab of applications there is a link to the Game 
application. 

In order to log into the application, credentials of the student account should be 
provided from the administrator users to the students. 

 

At the landing page, it is possible to login through the available buttons. By pressing 
ǘƘŜ Ψ[ƻƎƛƴΩ ōǳǘǘƻƴΣ ǘƘŜ ǳǎŜǊ ƛǎ ǊŜŘƛǊŜŎǘŜŘ ǘƻ ǘƘŜ ΨYŜȅŎƭƻŀƪΩ ǎŜŎǳǊŜ ǇŀƎŜ ǘƻ Ǉŀǎǎ ǘƘŜ 
ŀŎŎƻǳƴǘΩǎ ŎǊŜŘŜƴǘƛŀƭǎΦ 

 

https://dread-narrate.gr/narrate-games/
https://dread-narrate.gr/narrate-games/
https://dread-narrate.gr/
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If the user is not a student (not proper role), the user will not be able to access the 
application and will be redirected to an error page. If the user passes valid credentials 
and has an account with a student role, the login process will be completed successfully 
ŀƴŘ ƛǎ ǊŜŘƛǊŜŎǘŜŘ ǘƻ ǘƘŜ ΨIƻƳŜΩ ǇŀƎŜ ƛƴ ǿƘƛŎƘ ǘƘŜ ŀŎŎƻǳƴǘΩǎ ŘŜǘŀƛƭǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘΦ 

 

The logged in student at the end of each session should log out from the application. 
Lƴ ƻǊŘŜǊ ǘƻ ƭƻƎƻǳǘΣ ǘƘŜ ǳǎŜǊ Ƙŀǎ ǘƻ ǇǊŜǎǎ ǘƘŜ Ψ[ƻƎƻǳǘΩ ōǳǘǘƻƴΣ ǿƘƛŎƘ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǘƻǇ 
right. Also, ŦǊƻƳ ǘƘŜ ǘƻǇ ƳŜƴǳ ǘƘŜǊŜ ƛǎ ǘƘŜ ƻǇǘƛƻƴ ǘƻ ǎǘŀǊǘ ǘƘŜ ƎŀƳŜ όΨ[ŜǘΩǎ tƭŀȅΩύΦ 

 

11.1 Game Library  

The game application is a web based application, which is running on the client 
ǎƛŘŜ όƻƴ ǘƘŜ ǳǎŜǊΩǎ ōǊƻǿǎŜǊύΦ ¢ƘŜ ǎŜƭŜŎǘŜŘ ƭƛōǊŀǊȅ ǿƘƛŎƘ ǿŀǎ ǳǎŜŘ ǘƻ ōǳƛƭŘ ŀƴŘ Ǌǳƴ ǘƘŜ 
mini-games is the Phaser.js (https://phaser.io/). Phaser is an open-source JavaScript 
framework, light-weighted, compact and very well performed especially for 2D games. 

Phaser provides a collection of objects and methods to create, manage and make 
the game interactive. Each game could create different scenes and with the proper logic 
move among them. For example, in the Narrate game application, the starting scene is 
the Ψ[ƻŀŘƛƴƎ ǇŀƎŜΩ ŦǊƻƳ ǿƘƛŎƘ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜŎŜƛǾŜŘ ŀŎǘƛǾƛǘƛŜǎ ŦǊƻƳ ǘƘŜ LƴŦǊŀǎǘǊǳŎǘǳǊŜΣ 
the user will move to the corresponding mini-game scene. 

Phaser provides mechanisms to load images, sprites and sounds and place them in 
the scene, add movement either synchronous to actions or time based actions. Also the 
Phaser framework contains a powerful physics engine, which could be used to create 
interacǘƛǾŜ ƎŀƳŜǎΦ [ŀǎǘƭȅ ƛǘ ǇǊƻǾƛŘŜǎ ƛƴǇǳǘ ƭƛǎǘŜƴŜǊǎΣ ƛƴ ƻǊŘŜǊ ǘƻ ǘǊŀŎƪ ǳǎŜǊΩǎ ŀŎǘƛƻƴǎ ƭƛƪŜ 
mouse clicks, mouse movements, keyboard inputs etc. 

11.2 Mini - Game Design  

The base design of every mini-game of the Narrate system follows the same base 
pattern. More specifically each mini-game has: 

¶ The exit button, at the top left, which allow user to exit the game. 

https://phaser.io/
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¶ The info button, at the top left, which allow user to see the game 
instruction (how to play the corresponding mini-game). 

¶ The question text, at the top middle, which refers to the specific activity 
the user has to answer. 

¶ The remaining errors the user could make before lose the game, at the top 
right. A heart is removed after every wrong answer of the user. 

¶ The feedback cloud message, at the middle, which displays a feedback 
message which could help the user to answer correctly the activity. 

¶ The game options / answers, based on the mini-game in different places at 
the available places. 

 

11.3 Mini - Games 

For the Narrate project there are currently five mini-games. Each one has different 
mechanisms in order to support the linguistic game specification. A base scene has also 
ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƘŀǾŜ ŀ ΨōǊƛŘƎŜΩ ǎŎŜƴŜ ŀƳƻƴƎ ǘƘŜ Ƴƛƴƛ-games. 

¢ƘŜ ŀǇǇƭƛŎŀǘƛƻƴ Ŏŀƴ ǘǊŀŎƪ ǘƘŜ ǳǎŜǊΩǎ ŀŎǘƛƻƴǎ ǿƘƛƭŜ ǘƘŜ ǎǘǳŘŜƴǘ Ǉƭŀȅǎ ŀƴŘ ƛƴǘŜǊŀŎǘǎ 
with the mini-game. These tracked actions are crucial for the system, in order to validate 
ǘƘŜ ǳǎŜǊ ŀƴŘ ǇǊƻǾƛŘŜ ǇŜǊǎƻƴŀƭƛȊŜŘ ŀƴŘ ŀŘŀǇǘƛǾŜ ŎƻƴǘŜƴǘΦ 5ǳǊƛƴƎ ǘƘŜ ǳǎŜǊΩǎ ƛƴǘŜǊŀŎǘion 
with each mini-game, the application tracks the following events: 

¶ The event of game started (the moment that the mini-game started, 
tracking the time and which mini-game was). 

¶ The event of game ended (the moment that the mini-game is either 
completed or the user exited from the mini-game by pressing the 
corresponding button, tracking the time and the result ς SUCCESS / FAILED 
/ EXIT ς ōŀǎŜŘ ƻƴ ǘƘŜ ǳǎŜǊΩǎ ŀƴǎǿŜǊǎύΦ 



PUBLIC D6 FINAL D_READ-NARRATE SOFTWARE DEMO 

   

 Page 66   
 

 

¶ The event of the user pressed the info button to see the mini-game 
instructions (the moment that the user pressed the button). 

¶ The event of the user selected an option to answer the given question (the 
moment that the user provided the answer, the result if it was correct or 
wrong, the selected option details). 

The developed scenes are the following: 

¶ Loading Page 

¶ River Boat 

¶ Magic Maze 

¶ Barrels 

¶ Cave Bridge 

¶ Air Balloon 

11.3.1 Loading Page  

¢ƘŜ Ψ[ƻŀŘƛƴƎ tŀƎŜΩ ǎŎŜƴŜ ǇǊƻǾƛŘŜǎ ŀƴ ƛƴǘŜǊƳŜŘƛŀǘŜ ǎǘŜǇ ŀƳƻƴƎ ǘƘŜ Ƴƛƴƛ-games. 
This scene provides the necessary time to retrieve the game content from the 
Infrastructure API (if there are no already retrieved and not played activities). In order 
to make the request to ask for content from the system, the user should press a button 
(as shown at the images below). This step provides a way to the teacher to control the 
students on the classroom. 

  

On the other hand, if the application has already retrieved, from previous request, 
activities which the user has not played yet, the user pass through the scene and move 
to the next one directly (while the user sees the image below). 

 

Each mini game has always two buttons, at the top left side. The first button is the 
exit button (image below), which allow users to exit the game and return to the main 
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page of the Game web application. When it is pressed, a panel appears over the screen 
(while the user cannot interact with the game components) with two available buttons. 
¢ƘŜ ΨbƻΩ ōǳǘǘƻƴΣ ǿƛƭƭ ǊŜǘǳǊƴ ǘƘŜ ǳǎŜǊ ǘƻ ǘƘŜ ƎŀƳŜ όŀƴŘ ōŜ ŀōƭŜ ǘƻ ŎƻƴǘƛƴǳŜ ǇƭŀȅƛƴƎύΦ The 
Ψ¸ŜǎΩ ōǳǘǘƻƴΣ ǿƛƭƭ ŎƭƻǎŜ ǘƘŜ ƎŀƳŜ ŀƴŘ ǊŜŘƛǊŜŎǘ ǳǎŜǊ ǘƻ ǘƘŜ Ƴŀƛƴ ǇŀƎŜΦ ¢ƘŜ ǎŜŎƻƴŘ ōǳǘǘƻƴ 
is the information button (image below), which allow users to view the instructions of 
the corresponding min-game. 

  

11.3.2 River Boat  

CƻǊ ǘƘŜ ΨwƛǾŜǊ .ƻŀǘΩ Ƴƛƴƛ-game, the user helps the hero to move the flour bags to 
the right side of the river. For each answer the hero will move the flour bag on the boat. 
But only if the answer is correct the boat will reach the right side and unload the bag to 
the lighthouse. 

The game provides three to six options, with the form of flour bags, which are 
possible answers to the given question. Only one of them is correct. The user is allowed 
to give one wrong answer, without losing the game. The user in order to select an option, 
has to click (or tap) on the corresponding bag and afterwards the game will validate the 
answer. The mini-game mechanisms are available through the information button which 
ǎƘƻǿǎ ǘƘŜ ƎŀƳŜΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎΦ 

 

If the user selects a wrong option, the hero will try to transfer the corresponding 
bag to the right side, by the boat will slowly sink. The hero will return to the left side of 
the river, while the previously selected bag will be removed and a heart will be removed 
to indicate that the user has one less wrong answer to do without losing the mini-game. 
Also a feedback about the question will be displayed (if the activity has any), inside a 
cloud at the middle of the screen, to help the user. If the user has already used all the 
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available hearts (wrong answers) the game ends with the result of failure for the specific 
activity. 

 

If the user selects the correct option, the hero will successfully transfer the 
corresponding flour bag with the boat. A celebration message will be appeared with the 
star image and a cheer sound will be played. After a short time, the user will return to 
ǘƘŜ Ψ[ƻŀŘƛƴƎ tŀƎŜΩΦ  

 

11.3.3 Magic Maze  

CƻǊ ǘƘŜ ΨaŀƎƛŎ aŀȊŜΩ Ƴƛƴƛ-game, the user helps the hero to navigate himself 
outside the maze. For each answer the hero will try to move closer to the exit. But only 
the correct answers move the hero to the correct direction. 

The game provides a set of options (the number of options depends on the 
activity), with the form of papyrus, which are possible answers to the given question. In 
word based activities five of them are correct, while in sentence based activities the 
number of correct answers varies. The user is allowed to give at most five wrong answers 



PUBLIC D6 FINAL D_READ-NARRATE SOFTWARE DEMO 

   

 Page 69   
 

 

without losing the game. The user in order to select an option has to click (or tap) on the 
corresponding papyrus and afterwards the game will validate the answer. The mini-
game mechanisms are available through the information button which shows the 
ƎŀƳŜΩǎ instructions.  

 

If the user selects a correct option, the corresponding papyrus will be colored as 
ƎǊŜŜƴ ŀƴŘ ǘƘŜ ƘŜǊƻ ǿƛƭƭ ƳƻǾŜ ǘƻ ǘƘŜ ŎƻǊǊŜŎǘ ŘƛǊŜŎǘƛƻƴ ǘƻ ǘƘŜ ƳŀȊŜΩǎ ŜȄƛǘΦ hƴ ǘƘŜ ƻǘƘŜǊ 
hand, if the user selects a wrong option, the corresponding papyrus will be colored as 
ǊŜŘΣ ǘƘŜ ƘŜǊƻ ǿƛƭƭ ƴƻǘ ƳƻǾŜ ǘƻ ǘƘŜ ƳŀȊŜΩǎ ŜȄƛǘ ŀƴŘ ŀ ƘŜŀǊǘ ǿƛƭƭ ōŜ ǊŜƳƻǾŜŘ ǘƻ ƛƴŘƛŎŀǘŜ 
that the user has one less wrong answer to do without losing the mini-game. Also a 
feedback about the question will be displayed (if the activity has any), inside a cloud at 
the middle of the screen, to help the user. If the user has already used all the available 
hearts (wrong answers) the game ends with the result of failure for the specific activity. 
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LŦ ǘƘŜ ǳǎŜǊ ŦƛƴŘǎ ŀƭƭ ǘƘŜ ŎƻǊǊŜŎǘ ƻǇǘƛƻƴǎΣ ǘƘŜ ƘŜǊƻ ǿƛƭƭ ǊŜŀŎƘ ǘƘŜ ƳŀȊŜΩǎ ŜȄƛǘΦ ! 
celebration message will be appeared with the star image and a cheer sound will be 
ǇƭŀȅŜŘΦ !ŦǘŜǊ ŀ ǎƘƻǊǘ ǘƛƳŜΣ ǘƘŜ ǳǎŜǊ ǿƛƭƭ ǊŜǘǳǊƴ ǘƻ ǘƘŜ Ψ[ƻŀŘƛƴƎ tŀƎŜΩΦ  

 

11.3.4 Barrels  

CƻǊ ǘƘŜ Ψ.ŀǊǊŜƭǎΩ Ƴƛƴƛ-game, the user helps the hero to pass the lake by jumping on 
the barrels which float on the lake. When the user fills all the gaps (the missing barrels), 
the hero will jump on every barrel in order to reach the other side.  

The game provides three to six options, with the form of wooden barrels, which 
are possible parts that fill correctly the given word. The gaps of the word could be one 
to three, based on the question and the context. The user is allowed to give one wrong 
answer without losing the game. The user in order to give an answer, has to click on and 
drag (or tap and drag) the corresponding barrel and release it over the blank place of 
the answer. On the release action, the game validates the answer, if it is the correct 
option on the correct position. The mini-game mechanisms are available through the 
ƛƴŦƻǊƳŀǘƛƻƴ ōǳǘǘƻƴ ǿƘƛŎƘ ǎƘƻǿǎ ǘƘŜ ƎŀƳŜΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎΦ 
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If the user fills a gap with an incorrect option, the barrel will return to its initial 
place. Also a heart will be removed to indicate that the user has one less wrong answer 
to do without losing the mini-game. Also a feedback about the question will be displayed 
(if the activity has any), inside a cloud at the middle of the screen, to help the user. If the 
user has already used all the available hearts (wrong answers) the game ends with the 
result of failure for the specific activity. 
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If the user fills a gap with a correct option, the barrel will take the place of the gap 
(placeholder barrel). 

 

When the user fills all the gaps with the correct barrels, the hero will jump on the 
floating barrels and reach the right side. A celebration message will be appeared with 
the star image and a cheer sound will be played. After a short time, the user will return 
ǘƻ ǘƘŜ Ψ[ƻŀŘƛƴƎ tŀƎŜΩΦ 
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11.3.5 Cave Bridge  

CƻǊ ǘƘŜ Ψ/ŀǾŜ .ǊƛŘƎŜΩ Ƴƛƴƛ-game, the user helps the hero to pass the fires. When 
the user fills all the gaps (missing tiles), the hero run on the bridge and reaches the right 
side. 

The game provides a set of options (the number of options depends on the 
activity), with the form of tiles, which are possible parts that fill correctly the given word 
or sentence. The gaps of the word or sentence could be one to three, based on the 
question and the context. The user is allowed to give one wrong answer without losing 
the game. The user in order to give an answer, has to click on and drag (or tap and drag) 
the corresponding tile and release it over the blank place of the answer. On the release 
action, the game validates the answer, if it is the correct option on the correct position. 
The mini-game mechanisms are available through the information button which shows 
ǘƘŜ ƎŀƳŜΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎΦ 
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If the user fills a gap with an incorrect option, the tile will return to its initial place. 
Also a heart will be removed to indicate that the user has one less wrong answer to do 
without losing the mini-game. Also a feedback about the question will be displayed (if 
the activity has any), inside a cloud at the middle of the screen, to help the user. If the 
user has already used all the available hearts (wrong answers) the game ends with the 
result of failure for the specific activity. 

 

If the user fills a gap with a correct option, the tile will take the place of the gap 
(placeholder tile). 
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When the user fills all the gaps with the correct tiles, the hero will run on the bridge 
and reach the right side. A celebration message will be appeared with the star image 
and a cheer sound will be played. After a short time, the user will return to the Ψ[ƻŀŘƛƴƎ 
tŀƎŜΩΦ 

11.3.6 Air Balloon  

CƻǊ ǘƘŜ Ψ!ƛǊ .ŀƭƭƻƻƴΩ Ƴƛƴƛ-game, the user helps the hero to drive the air balloon 
and reach the final destination on the right side. When the user finds all the correct 
options, the hero will reach the right side with the air balloon. 

The game provides a set of options (the number of options depends on the 
activity), with the form of balloons, which are possible answers to the given question. 
Five of them are correct. The user is allowed to give at most five wrong answers without 
losing the game. The user in order to select an option has to click (or tap) on the 
corresponding balloon and afterwards the game will validate the answer. The mini-game 
ƳŜŎƘŀƴƛǎƳǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ǘƘǊƻǳƎƘ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ōǳǘǘƻƴ ǿƘƛŎƘ ǎƘƻǿǎ ǘƘŜ ƎŀƳŜΩǎ 
instructions. 
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If the user selects a correct option, the corresponding balloon will be colored green 
and the hero will drive the air balloon towards to the destination. On the other hand, if 
the user selects a wrong option, the corresponding balloon will be colored as red, the 
hero will not move and a heart will be removed to indicate that the user has one less 
wrong answer to do without losing the mini-game. Also a feedback about the question 
will be displayed (if the activity has any), inside a cloud at the middle of the screen, to 
help the user. If the user has already used all the available hearts (wrong answers) the 
game ends with the result of failure for the specific activity. 
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If the user finds all the correct options, the hero will reach destination on the right 
side. A celebration message will be appeared with the star image and a cheer sound will 
ōŜ ǇƭŀȅŜŘΦ !ŦǘŜǊ ŀ ǎƘƻǊǘ ǘƛƳŜΣ ǘƘŜ ǳǎŜǊ ǿƛƭƭ ǊŜǘǳǊƴ ǘƻ ǘƘŜ Ψ[ƻŀŘƛƴƎ tŀƎŜΩΦ  
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12 Assessment Application (Screening) 
 

The assessment application is a web-based application, that is built with Vanilla 
JavaScript and is a language assessment tool designed for students before their first use 
of the D_READ-NARRATE software. It enables teachers to evaluate students' language 
abilities and allows the system to initialize their profiles and classify them into two levels, 
based on their linguistic skills.  

12.1 Access Application  

The assessment application is available at https://dread-narrate.gr/narrate-
screening/ or can be accessed through the main website of the D_READ-NARRATE 
software (https://dread-narrate.gr) under the tab Applications. To log into the 
ŀǇǇƭƛŎŀǘƛƻƴΣ ǘƘŜ ǳǎŜǊ ƛǎ ǊŜŘƛǊŜŎǘŜŘ ǘƻ ǘƘŜ ΨYŜȅŎƭƻŀƪΩ ǎŜŎǳǊŜ ǇŀƎŜ ǘƻ ŜƴǘŜǊ ǘƘŜƛǊ ŎǊŜŘŜƴǘƛŀƭǎ 
and is authenticated through the Keycloak software. 

 

 

 

The evaluation of the students is based 
ƻƴ ǘǿƻ ŜŘǳŎŀǘƛƻƴŀƭ ōƻƻƪǎΣ ζɮˌ ˃ʽ˂ʺˋˇˎ˃ʶ 
ɳ˂˂ʹ˄ʽˁʱ ɹɹη ŀƴŘ ζɮˌ ˃ʽ˂ʺˋˇˎ˃ʶ ɳ˂˂ʹ˄ʽˁʱ 
ɹɹɹηΣ ǿƘƛŎƘ ŀǊŜ explicitly designed to classify 
students into linguistic levels. Both books 
are graded on a scale of 0 to 45, with 45 
being the highest possible score. Once 
logged in, the user can choose through the 
main page of the application one of the two 
ōƻƻƪǎ Ϧɮˌ ˃ʽ˂ʺˋˇˎ˃ʶ ɳ˂˂ʹ˄ʽˁʱ ɹɹϦκ Ϧɮˌ ˃ʽ˂ʺˋˇˎ˃ʶ ɳ˂˂ʹ˄ʽˁʱ ɹɹɹϦ ǘƻ ǎǘŀǊǘ ǘƘŜ ǉǳƛȊΦ LŦ ǘƘŜ 
student/user has already played a book, then the corresponding button is disabled. That 
way, students can take each test only once in the evaluation process. 

12.2 Profile Initialization  

{ǘǳŘŜƴǘǎΩ ǇǊƻŦƛƭŜǎ ŀǊŜ ƛƴƛǘƛŀƭƛȊŜŘ to two different initialization levels based on their 
scores and based on their linguistic model. wŜŎŀƭƭ ǘƘŀǘΣ ǎǘǳŘŜƴǘǎΩ ǇǊƻŦƛƭŜǎ Ŏƻƴǎƛǎǘ ƻŦ ŀ 

https://dread-narrate.gr/narrate-screening/
https://dread-narrate.gr/narrate-screening/
https://dread-narrate.gr/
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άcopyέ of the corresponding model, where they can unlock/activate a node if some 
prerequisites are satisfied. For example, in the Single Language Greek Domain Model, 
the prerequisites in the following figure apply, where the node Phonology 2 gets 
activated if the student completes 30 activities of Phonology 1 with 60% accuracy.  

See Chapter 5: Domain Models and Profiles for more details on Domain Models. 

 

 

{ǘǳŘŜƴǘǎΩ ǇǊƻŦƛƭŜǎ ŀǊŜ ƛƴƛǘƛŀƭƛȊŜŘ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ƭƛƴƎǳƛǎǘƛŎ ƳƻŘŜƭ ŀǎ ŦƻƭƭƻǿǎΥ  

1. Initialization Level 1: Only the node Phonology 1 is unlocked as if the student has 
not made any progress in the model, that is, has completed zero activities. 

2. Initialization Level 2: For students in the Single Language Greek Domain Model, 
the node Phonology 1 is unlocked as if the user has played 30 activities with 60% 
accuracy. As a result, the edge from Phonology 1 to Phonology 2 is satisfied and 
the node Phonology 2 is also unlocked.  
Similarly, for students in the Double Language Greek Domain Model, the node 
Phonology 1 is unlocked as if the user has played 40 activities with at least 50% 
accuracy. Node Phonology 2 is also unlocked.  

¢ƘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ǇǊƻŦƛƭŜǎ ǘƻ ǘƘŜ LƴƛǘƛŀƭƛȊŀǘƛƻƴ ƭŜǾŜƭǎ ƛs as follows: 

a) For ζɮˌ ˃ʽ˂ʺˋˇˎ˃ʶ ɳ˂˂ʹ˄ʽˁʱ ɹɹηΣ if a student scores 38 or below, their profile is 
initialized to Initialization Level 1. If they score above 38, their profile is initialized 
to Initialization Level 2. 

b) For ζɮˌ ˃ʽ˂ʺˋˇˎ˃ʶ ɳ˂˂ʹ˄ʽˁʱ ɹɹLη, if a student scores 19 or below, their profile is 
initialized to Initialization Level 1. If they score above 19, their profile is initialized 
to Initialization Level 2. 

If a student completes only one of the two books, their level is determined solely 
by the score they achieve in that book. However, if they complete both books, their 
profile is initialized at the lower of the two levels determined by their scores. (For 
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ŜȄŀƳǇƭŜΣ ƛŦ ǘƘŜȅ ǎŎƻǊŜ ŀōƻǾŜ оу ƛƴ ζɮˌ ˃ʽ˂ʺˋˇˎ˃ʶ ɳ˂˂ʹ˄ʽˁʱ ɹɹηΣ ōǳǘ ōŜƭƻǿ мф ƛƴ ζɮˌ 
˃ʽ˂ʺˋˇˎ˃ʶ ɳ˂˂ʹ˄ʽˁʱ ɹɹLηΣ ǘƘŜƛǊ ǇǊƻŦƛƭŜ ƛǎ still initialized to Initialization Level 1.) 

ɰʰʻ˃ˇ˂ˇʴʾʰ ɮˌ ˃ʽ˂ʺˋˇˎ˃ʶ ɳ˂˂ʹ˄ʽˁʱ ɹɹ ɮˌ ˃̔˂ʺˋˇˎ˃ʶ ɳ˂˂ʹ˄ʽˁʱ ɹɹɹ 

0-19 
Initialization Level 1 

Initialization Level 1 

20-38 
Initialization Level 2 

39-45 Initialization Level 2 

12.3 Question types  

Each page of the test corresponds to an exercise question, for example, an exercise 
with four questions takes four different pages of the test. Additionally, exercises belong 
to three different chapters: ά¦ƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǿǊƛǘǘŜƴ ƭŀƴƎǳŀƎŜέ όζɼʰˍʰ˄ˈʹˋʹ ɱˊʰˉˍˇˏ 
ɽˈʴˇˎηύΣ ά¦ƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ oral ƭŀƴƎǳŀƎŜέ όζɼʰˍʰ˄ˈʹˋʹ ˉˊˇ˒ˇˊʽˁˇˏ ˂ˈʴˇˎηύ ŀƴŘ 
DǊŀƳƳŀǊ όζɱˊʰ˃˃ʰˍʽˁʺηύΦ 

The material of the books is not stored in the database but in a separate Excel file. 
Both files are separately parsed exactly once when the application is deployed. For that 
purpose, a designated parser has been created, which takes as input the Excel file and 
is responsible for building the Java objects, which will be later used by the application. 
Four kinds of questions are supported: 

1. Selection questions: The student is given some text and/or audio and is asked to 
choose the correct answer out of a set of options. The options can either be image 
options or text.  
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2. Multiple-blank questions: The student 

is given a text with multiple blanks. 
Each blank corresponds to a set of 
options, which is given to the student 
as a dropdown list. Students are asked 
to choose the correct choice for each 
blank. Multiple-blank questions are 
mainly used to evaluate the grammar 
skills of the student. 

 
 

3. Right/wrong questions: The student is given a text and/or audio and is asked to 
decide on the correctness of a set of sentences. Right/wrong questions are mostly 
used to evaluate their understanding of written or oral language. 

 
4. Matchings: Here, students are given a text or an audio and two sets of objects, the 

first set of objects is placed on the left of the screen while the other set is placed on 
the right. The objective is to match the objects on the right to the objects on the left 
with a drag-and-drop mechanism. For example, students may be given a set of 
paragraphs and a set of possible titles for the paragraphs and be asked to match the 
titles to the paragraphs. 
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All answers are stored in a designated table in the database. Particularly, once a 
student completes a book, in the database is stored their username and a JSON object 
that contains information on their answers for each different question along with their 
score on the corresponding question (see appendix section Example of the JSON Object 
ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ǳǎŜǊΩǎ ŀƴǎǿŜǊ for a review on the JSON object). Then, they are 
ǊŜŘƛǊŜŎǘŜŘ ǘƻ ǘƘŜ άǎǳƳƳŀǊȅέ ǇŀƎŜΣ ǿƘŜǊŜ ǘƘŜȅ Ŏŀƴ review their score for each different 
chapter (ζɼʰˍʰ˄ˈʹˋʹ ɱˊʰˉˍˇˏ ɽˈʴˇˎηΣ ζɼʰˍʰ˄ˈʹˋʹ ˉˊˇ˒ˇˊʽˁˇˏ ˂ˈʴˇˎηΣ 
ζɱˊʰ˃˃ʰˍʽˁʺη) and each exercise. 
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Furthermore, the following log actions along are stored ǿƛǘƘ ǘƘŜ ǳǎŜǊΩǎ ǳǎŜǊƴŀƳŜ 
and the timestamp of the action: 

¶ A user logged in. 

¶ A user started a book. 

¶ A user completed a book. 

¶ A user logged out.  
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13 [NEW] Narrator/ Reader App 
The Narrator/ Reader application is a web-based application, that is built with 

Vanilla JavaScript and is designed for primary school learners of Greek (ages 7-12), 
including bilingual students learning Greek as L2, and supports the development of 
reading comprehension, vocabulary, and oral narrative skills through web-based 
lessons. ¢ƘŜ wŜŀŘŜǊκbŀǊǊŀǘƻǊ ŎƻƳǇƻƴŜƴǘ ŀƛƳǎ ǘƻ ŜƴƘŀƴŎŜ ǎǘǳŘŜƴǘǎΩ ƴŀǊǊŀǘƛǾŜ ǎƪƛƭƭǎ ŀƴŘ 
develop more sophisticated reading skills. It includes web-based lessons that engage 
students in reading and story-building tasks that assist the development of vocabulary, 
reading comprehension and analysis, as well as narrative skills.  

The Narrator/ Reader app contains eight (8) lessons. Each lesson consists of a part where 
the students are supposed to analyze short narratives, then rebuild and retell stories 
using visual scaffolds, narrate a story presented in a comic (guided narration), and finally 
create and narrate an original story (free narration). Student self-evaluation and teacher 
evaluation are embedded at the end of each lesson. 

13.1 Access Application  

The Narrator/ Reader application is available at https:// dread-narrate.gr/narrator-app/ 
or can be accessed through the main website of the D_READ-NARRATE software 
(https://dread-narrate.gr) under the tab Applications. To log into the application, the 
ǳǎŜǊ ƛǎ ǊŜŘƛǊŜŎǘŜŘ ǘƻ ǘƘŜ ΨYŜȅŎƭƻŀƪΩ ǎŜŎǳǊŜ ǇŀƎŜ ǘƻ ŜƴǘŜǊ ǘƘŜƛǊ ŎǊŜŘŜƴǘƛŀƭǎ ŀƴŘ ƛǎ 
authenticated through the Keycloak software. 

 

 

 

https://dread-narrate.gr/narrate-screening/
https://dread-narrate.gr/
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Once logged in, the user can select 
one of the eight available lessons 
from the main page of the application 
to start a quiz. Students can access 
only the lessons that have been 
assigned to them by a teacher 
through the corresponding portal in 
the Teacher Tool (see 14.2.3: 
Narrator/ Reader App Assignments) 
and are not completed; the buttons 
corresponding to unassigned lessons 
or to lessons that are already 
completed, are disabled.  

If a student has previously completed only part of a lesson, they can resume the activity 
from the point at which they left off. Moreover, once a student has completed a lesson, 
it cannot be retaken unless the teacher reassigns it to the student. 

13.2  Database representation  

The data used by the Narrator/Reader application is stored in two tables within the 
profile_engine schema of the infrastructure_db database (see Chapter 3 for further 
details). The narrator_book table consists of three fields and contains one row per 
book/lesson available in the system (8 rows in total currently). The 
narrator_book_assignment table contains one row for each assignment created by a 
teacher through the Teacher Tool. Each time a teacher assigns a lesson to a student, a 
new row is inserted into the narrator_book_assignment table, initially marked as not 
completed. 
If a student has completed a lesson, the corresponding completion field is set to TRUE. 
The answers field stores a JSON-ŦƻǊƳŀǘǘŜŘ ǎǘǊƛƴƎ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǊŜǎǇƻƴǎŜǎΣ 
regardless of whether the lesson has been fully completed or is still in progress. See an 
example of the JSON-ŦƻǊƳŀǘǘŜŘ ǎǘǊƛƴƎ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǊŜǎǇƻƴǎŜǎ ƛƴ !ǇǇŜƴŘƛȄ 
in Section 17. 
 

 
 
CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƭƻƎ ŀŎǘƛƻƴǎ ŀƭƻƴƎ ŀǊŜ ǎǘƻǊŜŘ ǿƛǘƘ ǘƘŜ ǳǎŜǊΩǎ ǳǎŜǊƴŀƳŜ ŀƴŘ 
the timestamp of the action: 
ω A user logged in. 
ω A user (re-)started a book. 
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ω A user paused a book, i.e. exited from a lesson not from the last screen. 
ω A user completed a book. 
ω A user logged out. 

13.3 Exercise  types  

Part 1.1: Analyzing Narratives 

The first part contains exercises to analyze a specific story. The eight stories are 
summarized in the following table. 

Title (English Translation) Original Title Difficulty Level 

How the stars were painted 

red 

ʃ˗ˌ ʲʱ˒ˍʹˁʰ˄ ˁˈˁˁʽ˄ʰ ˍʰ 

ʰˋˍʶˊʱˁʽʰ 
Intermediate 

The Lion and the Wild Boar ʆˇ ˂ʽˇ˄ˍʱˊʽ ˁʰʽ ˇ ʰʴˊʽˈ˔ˇʽˊˇˌ 
Pre-

Intermediate 

The Goldfish ʆˇ ˔ˊˎˋˈ˕ʰˊˇ Advanced 

Demeter and Persefone ɲʺ˃ʹˍˊʰ ˁʰʽ ʃʶˊˋʶ˒ˈ˄ʹ Intermediate 

My name is Sonia ɾʶ ˂ʷ˄ʶ ʅˈ˄ʽʰ Advanced 

The wooden horse ʆˇ ˅ˏ˂ʽ˄ˇ ʱ˂ˇʴˇ Advanced 

The Blood Donation ɶ ʰʽ˃ˇʵˇˋʾʰ Advanced 

Europa and the Bull ɶ ɳˎˊ˗ˉʹ ˁ ʰʽ ˇ ˍʰˏˊˇˌ 
Pre-

Intermediate 

 

Examples of the exercises are displayed in the following images.  
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In the first exercise, 
students are presented 
with a story in which 
selected challenging 
words are highlighted and 
explained through pop-
ups that appear when the 
student clicks on them. 
The word explanations are 
implemented as simple 
tooltips. 

 

 

In the second exercise, the questions are designed to highlight key Story Grammar 
elements (Who, Where, When, Problem, Action, Resolution). Each card contains a 
question that is initially hidden; once the student taps on a card, the question is revealed 
and cannot be hidden again. A button located in the upper-right corner allows the 
student to redisplay the text in case they wish to revisit it. 

Button to exit 
the game and 
save current 
progress 

Next button. 
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The software employs color-coding to highlight Story Grammar elements. For example, 
in each exercise, characters may be highlighted in green, time in yellow, and place in red 
ƻǊ ǇƛƴƪΦ {ǘǳŘŜƴǘǎ ǎŜƭŜŎǘ ǘƘŜ ŎƻƭƻǊ ƻŦ ǘƘŜ άƳŀǊƪŜǊέ ǳǎƛƴƎ ŀ ōǳǘǘƻƴ ƛƴ ǘƘŜ ǳǇǇŜǊ-right 
corner and can then highlight the corresponding parts of the text. An eraser tool allows 
students to remove highlights from text segments that were marked incorrectly. At the 
end of the exercise, students can view the correct solution by tapping the lightbulb 
button. 
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Similarly, the beginning of the story is highlighted in yellow, story development in pink 
and the ending in green. 

 
 
Part 1.2: Story re-building & re-telling  
Students are presented with scrambled images from the story they have just read and 
are required to use the interface to drag and arrange these elements in the correct 
chronological order. 
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In the subsequent exercise, the images corresponding to the story are displayed in the 
correct sequence, and students orally retell the story using target connectives (e.g., 
then, later, because). These target connectives are shown in the lower part of the 
screen; once a connective is used, the student can tap on it, after which it becomes 
greyed out (i.e. disabled). 

 
 
The first part completes with the first self-evaluation of the students. 


















































































































































































































































