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Abstract

“Dyslexia is a neurodevelopmental disorder characterized by deficits in
the ability to learn or to use specific academic skills. Dyslexia is a cross-cultural
and chronic condition that typically persists into adulthood. Early signs of
learning difficulties may appear in the preschool years (e.g., difficulty learning
names of letters or counting objects), but they can only be diagnosed reliably
after starting formal education.” (APA, 2013)

In this thesis, we designed and implemented a serious game as a screening
tool in order to identify children at risk for dyslexia at the end of 2 grade and
at the beginning of 3" grade of primary school. Moreover, we tested Serious
Game Screening Tool (SGST) with 2" grade students. We tracked SGST’s
produced data with xAPI standard specification and analyzed them in a

Learning Record Store (LRS).
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1. PART A- Theoretical Background

Introduction

Serious Games (SG) are games that do not have entertainment, as their
primary purpose. The engaging and motivational aspects of serious games
lead many sectors and organizations from business, health, military and
education to use SG to support learning and training (Marsh, 2011).

Serious game can produce massive user data. The interactive nature of
serious games makes them a good source of Learning Analytics (LA) data.
Serious Games Analytics (SGA) focus on the real-time measurement,
assessment, and improvement of learning and performance (Laamarti, Eid, &
Saddik, 2014).

The Experience Application Programming Interface (xAPIl) is a well-
known specification for learning technology that makes it possible to collect
data about the wide range of experiences a person has online and offline. xAPI
is an appropriate standard to represent serious games analytics. (Serrano-
Laguna et al., 2017).

Authoring tools are software applications used to develop elearning
products. Adoption to xAPI is almost ubiquitous amongst authoring tool
vendors (ADL, 2018). The majority of authoring tools support xAPI
specification albeit to varying degrees. Authoring tools can be used to create

serious games.



Moreover, “Dysxlexia is a neurodevelopmental disorder characterized
by deficits in the ability to learn or to use specific academic skills. Dyslexia is a
cross-cultural and chronic condition that typically persists into adulthood.
Early signs of learning difficulties may appear in the preschool years (e.g.,
difficulty learning names of letters or counting objects), but they can only be
diagnosed reliably after starting formal education” (APA, 2013)

Screening measures, are typically brief assessments of a particular skill
or ability that is highly predictive of a later outcome. Screening measures are
designed to quickly differentiate students into one of two groups: a) those
who require intervention and b) those who do not. A screening measure
needs to focus on specific skills that are highly correlated with broader
measures of reading achievement resulting in a highly accurate sorting of
students(“Dyslexia Screener,”n.d.).

In this research- thesis, we analyzed, desighed and implemented a
serious game as a screening tool to identify children at risk for dyslexia at the
end of 2™ grade and at the beginning of 3" grade of primary school.

We tested the Serious Game Screening Tool (SGST) with 2™ grade
students. Furthermore, we tracked SGST’s produced data with xAPI standard
specification and analyzed them in Learning locker’s Learning Record Store

(LRS) (“Learning Locker,” n.d.) .



This thesis is organized as follows. In part A, we are reviewing the
literature on Serious Games, Serious Games Analytics, xAPl specification,
Authoring Tools and Dyslexia.

In part B, we are analyzing the Serious Game Screening Tool (SGST)
(design and implementation), the structure of the Learning Record Store (LRS)
we created and also the queries and virtualizations we used to analyze our
data. Finally, in part C, we are presenting the experiment we conducted by

implementing the SGST to children with dyslexia and analysis of the results.

1.1 Serious Games

1.1.1. Defining Serious Games.

The rapid growths of Information and Communication Technology (ICT)
transform learning and education over the last forty years. Many digital
technologies changed the face of education and the way people learn. Serious
Games is one of them most promising technologies. The term serious game is
used to refer to a game designed for a primary purpose other than pure
entertainment. The engaging and motivational aspects of serious games make
learning more enjoyable that’s why many sectors and organizations from
business, health, military and education are considering the potential of

serious games to support learning (Susi, Johannesson, & Backlund, 2007) .



The idea of using digital games for learning purposes is not new. Games used
widely in military section during cold war. U.S. army invested a lot of money in
research and many simulation games were created for training purposes
(Djaouti, Alvarez, Jessel, & Rampnoux, 2011) .

The definition of serious games was first conceived by CC. Abt in 1970 and
described as follows: “We are concerned with serious games in the sense that
these games have an explicit and carefully thought-out educational purpose
and are not intended to be played primarily for amusement” (Abt, 1970).
Since then, many researchers attempt to propose a definition that it could be
agreed on by all researchers. The variety of definition of serious games due to
researchers approach different aspect and characteristics of them.

Some of them emphasize on the importance of gameplay. For example,
Prensky’ s definition(Learning, 2001) for serious games is: “Entertainment
games with non-Entertainment goal. Furthermore, Zyda’ definition (Zyda,
2005) “Serious game: a mental contest, played with a computer in accordance
with specific rules, that uses entertainment to further government or
corporate training, education, health, public policy, and strategic
communication objectives”.

Moreover, Marsh (Marsh, 2011) defined and traced the history and state the
characteristic of serious games. “Serious games are digital games, simulations,
virtual environments and mixed reality/media that provide opportunities to

engage in activities through responsive narrative/story, gameplay or



encounters to inform, influence, for well-being, and/or experience to convey”.
Michael and Chen definition is probably the most identifiable “games that do
not have entertainment, enjoyment, or fun as their primary purpose”

(Michael D.R, 2005).

1.1.2. Classification and taxonomy of Serious Games

It is vital for researchers and scientist to define and categorize main
characteristics of serious games. There are many proposal design frameworks
and studies in literature which deal with that subject.
In (Djaouti, Alvarez, & Jessel, 2011) a model is proposed that classifies games
according to “serious-related” and “game-related” characteristics. They focus
their model on three criteria: a) gameplay, b) purpose of the game and c)
market.
A well document classification and taxonomy is presented in (Laamarti et al.,
2014). The authors suggest five criteria based on main characteristics of
serious games:
a) Activity: type of activity performed by the player.
b) Modality: the way which information is passes through computer to
player
c) Interaction Style. Choosing interfaces such as keyboard, mouse or more
modern interfaces such as movement tracking.

d) Environment. Based on environment chosen for the game.

10



e) Application Area. Areas of implementation of serious games.

The proposed taxonomy is shown in the table above.

Application Activity Modality Interaction Environment
Area Style
Education Physical Visual Keyboard/ Social
Excretion mouse presence
Well-been Psychological Auditory Movement Mixed Reality
Tracking
Training Mental Haptic Tangible Virtual
Interfaces Environment
Advertisement Smell Brain Interfaces 2D/3D
Interpersonal Eye Gaze Location
Communication Awareness
Health Care Joystick Mobility
Other Others Others Online

Tablel. Taxonomy of serious games

1.1.3. Effectiveness of Serious Games

There is a debate in scientific community about the effectiveness of serious
games. Some researchers are convinced of effectiveness of serious game.
Others argue that serious games could use only as a side teaching tool.
Moreover, there are other opinions that serous games are oriented only on
improving skills and provide better training. Clearly there is lack of
experimentation and empirical evidence on effectiveness of serious games. In
follow we present studies that focus on experimentation.

For example, Girard (Girard, Ecalle, & Magnan, 2013) reviewed the results of
experimental studies designed to examine the effectiveness of Video Games

and Serious Games on players learning and engagement. In this meta-analysis,
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the author’s teams identify all the experimental studies that have used
Serious Games for training or learning and assessed their results in terms of
both effectiveness and acceptability. They concluded that the effectiveness of
serious games remains to be proven. Only a few of the games resulted in
improved learning, with the others having no positive effect on knowledge
and skills when compared with more traditional methods of teaching.
Additionally, Anetta (Annetta, Minogue, Holmes, & Cheng, 2009)
experimental study evaluated a teacher created video game on genetics in
terms of its affective and cognitive impact on student users. The study was set
in four general biology classes from a single high school in the South Eastern
United States. All four classes were taught by the same teacher. The statistical
results of this study indicated that despite being more engaged in the
instruction students who played serious game did not demonstrate a greater
understanding of the genetics concepts presented.

Furthermore, Sitzmann (Sitzmann, 2011) published a meta-analysis of 55
research reports relating to the instructional effectiveness of simulation
games. The author used the term ‘simulation game’ in order to describe the
type of the games. The author outlined the importance of certain positive
factors for improving learning during training using simulation games.
Concluded that technology can improve learning but added that ‘technology is

a means for delivering teaching but does not have a direct effect on learning’.
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In addition, in (Backlund & Hendrix, 2013) present a meta-analysis of
effectiveness on serious games based on studies which used empirical
evidence. They review research that took place in the last decade. The analysis
concentrates on usage in formalized school content. They survey forty studies,
which twenty-nine of them show positive results in effectiveness of serious
games.

Finally, a well-documented meta- analysis on serious games and games
published by Connoly (Connolly, Boyle, MacArthur, Hainey, & Boyle, 2012).
The study identified 129 papers reporting empirical evidence about the
impacts and outcomes of computer games and serious games with respect to
learning and engagement. While empirical evidence concerning the
effectiveness of games-based learning was found in this review, the need for
more research to provide more rigorous evidence of their effectiveness is

vital.

1.1.4. Success Factors in SG Design and Development

There many factors that make a SG successful. In the following, we present
some success factors and suggested frameworks drawn from the literature.

In (Kiili, De Freitas, Arnab, & Lainema, 2012) authors describe a flow
framework in order to build interest and successive serious games. This model

is based on upon associative, cognitive and simulative learning theories.
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Furthermore, in (Arnab et al., n.d.) presented a design framework oriented in
pedagogical aspects of serious games. The authors suggest that next
generation serious games should focus more on encapsulating learning
theories and learning goals mapping to game mechanics.

Finally, in (Laamarti, 2014) authors indicate some critical factors that will be
important in accelerating serious games towards mass adoption. These are
briefly the followings:

a) User-centered software engineering
b) Multimodal serious games

c) Social well-being

d) Adaptive gaming

e) Standardization of evaluation

f) Sensory-based simulations

1.1.5. Platforms

In (Connolly et al., 2012) authors present the most popular platforms for
distribute games. Most popular platform for delivering serious games is
Personal Computers. Followed from online games. Here we presently briefly

in Table 2 the outcomes of research started from the most popular:

Delivery Platforms

PC

Online games
Mobile

Video console

14



Virtual world (Second Life) |
Table 2. Popular Delivery platforms

1.1.6. Favorite topics and subjects

As shown in (Backlund & Hendrix, 2013) lead in favorite topics of serious
games in formal education, primary, secondary and higher education is
mathematics. It seems that there are there positive results in learning
emphatics by using serious games.

Another favorite subject is teaching second language through serious game. It
seems that features of a game serve well the learning of languages.

We present a brief list in Table 3 with most popular topics as presented in this

study (start from more popular)

Popular subjects

Mathematics

Second Language
Computer science
Geography

History

Natural sciences

Surgery (higher education)

Table 3. Popular topics in serious games

1.1.7 Serious Games Analytics (SGA)

1.1.7.1. Big Educational Data-Learning Analytics

15



Large amounts of educational data are captured and generated on a daily
basis from different sources and in different formats for education systems all
over the world.

There are different kinds of educational data that produced constantly, such
as student’s interaction with Learning Management Systems (LMS), learning
activities, examination results. In addition, other kind of data related to
administrative, educational and quality improvement processes and
procedures (Vaitsis, Hervatis, & Zary, 2016).

There are two challenges that derived from big educational data (Ferguson,
2012). The first is the technology challenge: how can we retrieve and extract
value from educational data which are distributed across a variety of different
sites with different standards, owners and levels of access. The second
challenge is how we optimize opportunities for online learning.

Data-driven approaches that rely on gathering and analyzing data are a
current trend in the e-learning community. Disciplines such as Educational
Data Mining (EDM) and Learning Analytics (LA) are studying the way learners
perform online activities.

Data mining (DM) is a computer-based information system (CBIS) devoted to
scan huge data repositories, generate information, and discover knowledge

(Pefia-Ayala, 2014).
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Learning analytics is the measurement, collection, analysis and reporting of
data about learners and their contexts, for purposes of understanding and

optimizing learning and the environments in which it occurs.

1.1.7.2. Serious Games Analytics

Serious game can produce massive user data. The interactive nature of serious
games makes them a good source of LA data. It can pose an advantage to feed
LA systems, providing a learning dashboard for all the stake holders involved
in learning process.

In (Loh, 2015) serious games analytics are defined as the “actionable metrics
developed through problem definition in training/learning scenarios and the
application of statistical models, metrics, and analysis for skills and human
performance improvement and assessment, using serious games as the
primary tools for training.”

Serious games analytics can be derived from tracing players’ game play and
the visualization of their actions, behaviors within gaming environments. In
(Serrano-Laguna et al., 2017) review how learner’s interaction are tracked in
serious games and present an interaction model which encompass five main
categories , we summarized them as following:

a) Completables: indicates the player’s level of progress in a SG

17



b) Alternatives: deals with each of the in-game decisions a player
performs during a gameplay.

¢) Meaningful variables: deals with each of the values that
represent something.

d) Custom interactions: There are serious games and educational
scenarios that will benefit from tracking very specific player
interactions with great detail, for example, to facilitate a manual

subjective analysis of the interaction.

As we have defined the targets and actions presented in serious games we
need a real notation to represent them. We can take advantage of
standardization efforts currently underway in the field of LA in order to

represent serious games analytics.

1.2. Experience Application Programming Interface- xAPI

1.2.1. A brief history in learning specifications

It was only in1960 when the first Computer Based Training (CBT) program was
introduced to the world. This computer based training program was known as
PLATO-Programmed Logic for Automated Teaching Operation (Pascal, 2011).
It was originally designed for students attending the University of lllinois but

ended up being used in schools throughout the area. Since then, and with the
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introduction of the personal computers and internet, eLearning tools and
delivery methods expanded.

Initially, many courses delivered via CD-ROMs and laser disks. These led to the
Learning Management systems (LMSs). An LMS is a software application for
the administration, documentation, tracking, reporting and delivery
of educational courses or training programs. In 1989 AICC released the first
specification for the LMSs (AICC Document Arc, 2014). This specification
allowed students’ scores to be tracked on the computer system he was using.
In 1993, the AICC created the CMI specification—still in use today—which
specified the communications between a course and an LMS. The specification
was originally intended for CD-ROM or local file-based content.

During the transition from computer-based training (CBT) on compact discs
(CDs) to eLearning on the web one of the major challenges with the content
delivery was interoperability of the content. Several eLearning standards were
founded in late 90s such as the IMS Global Learning Consortium (IMS, 2018),
(AICC CMI Subcommittee & Bergstrom, 1993), and the Advanced Distributed
Learning (ADL) Project.

In 2001 SCORM (Shareable Content Object Reference Model) was released by
the ADL Project. SCORM is the de facto specification for packaging learning
content is a standard format which allows the package to work in different
LMSs (Advanced Distributed Learning, 2018). The SCORM® has several version

releases dating back to the year 2000 starting with SCORM® 1.0. SCORM® 1.2,
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released in 2001 is the first version of SCORM® that was widely adopted.
Beginning in 2004, SCORM® began to release different editions of
SCORM® 2004 based on iterative fixes and improvements. The most recent

release (2009) is SCORM® 2004 4th Edition.

1.2.2. What led to the development of XAPI

Since SCORM first released in 2000 the landscape has changed rapidly. SCORM
has served well of achieving interoperability in different LMSs, but it really
doesn’t capture the entire picture of e-learning in nowadays. SCORM is
constrained to tracking specific course-oriented things like lesson pages
viewed, test scores, and module completions. SCORM also relies on JavaScript,
which makes it difficult to implement in mobile apps.

Learning is happening everywhere, not just in traditional SCORM courses
inside traditional LMSs. Learning is occurred in a series of experience. People
are using mobile devices such as smartphones and tablets to receive
information, communicating, learning and collaborating amongst themselves.
Moreover, the expand of social media influence the way people learn.

Around 2010, ADL recognized a need to define an updated standard that
could overcome many of SCORM'’s inherent limitations. The need of capturing
all the learning experiences lead ADL of the US Department of Defense and

Rustici, an elLearning software company, to work on a new proposal for the
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new generation of elLearning specification (Lim, 2015). In April 2013, Rustici
released the Tin Can API, which later renamed it xAPI, for Experience API. The

current version is at version 1.0.3 released in 2017 (adlnet, n.d.).

1.2.3. What is the experience API Specification

The Experience API (or xAPI) is a new specification for learning technology that
makes it possible to collect data about the wide range of experiences a person
has (online and offline). With the xAPI, e-learners can take e-learning outside
of the browser. This API captures data in a consistent format about a person
or group’s activities from many technologies (Corbi & Burgos, 2014). Very
different systems are able to securely communicate each other by capturing
and sharing this stream of activities using xAPI’s simple vocabulary.
In addition, xAPI defines independent mechanisms, protocols, specifications,
agreements and software tools for monitoring any imaginable scenario.
Moreover, xAP| allows e-learning to execute in native mobile applications
simulations, wearables, physical beacons, and more. Some of the micro-
behaviors, state, and context that xAPl can track we summarize them as
followed (adlnet, 2017):

a) Reading an article or interacting with an eBook

b) Watching a training video, stopping and starting it

¢) Training data from a simulation

d) Performance in a mobile app

21



e) Micro-interactions with e-learning content
f) Team performance in a multi-player serious game

g) Quiz scores and answer history by question

Finally, the Experience APl is an open-source and free initiative, whose source

code and specifications are open to anyone.

1.2.4. xAP| Statements

The most significant object within the xAPl data model is the "Statement"
object. It is a Representational state transfer (REST) web service. xAPI uses
JavaScript Object Notation (JSON) to transfer states/sentences to a central
web service. This web service allows clients to read and write data in the form
of sentence objects that share the foundations of the triple scheme. In their
simplest conception, sentences are in the form of actor, verb and

object/activity like the example in Fig 1.

e voula e experienced o twitter
e giorgos e completed e dyslexia test

Fig 1. The basic elements and Structure of xAPI
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The statement object itself would take this structure in JSON (JavaScript

Object Notation) format and could resemble the following:

actor": {

"objectType": "Agent",
"mbox": "mailto:Mar8@mar.gr",
"name": "261208" },
"verb": {
"display": {
"en-US": "passed"
Lol
"object": {
"definition": {
"type": "http://adInet.gov/expapi/activities/course'],
"name": {
"und": "DYSLEXIA SCREENING TOOL"
11}

More complex statement forms can be used. The set of verbs and objects an
institution can work with is called vocabulary. Each institution can define its

own vocabulary with no restriction.

1.2.5 xAPI| statements and Serious Games

In the previous section, we have defined the targets and actions that need to
be track and analyze in serious games. xAP| is an appropriate standard to
represent serious games analytics. In (Serrano-Laguna et al., 2017) authors
present an interesting mapping between interactions events in SG to xAPI
statements attributes . They also proposed a mapping between target type in
SG and xAPI activities. We present them in Table 4 and Table 5

Interaction Event SG xAPI statement attributes
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Userld - NAME Actor
Action Verb
Target Object
Value Result
Timestamp Timestamp

Table4. Mapping of interactions in SG to xAPI statements

Action Verb Definition

Start http://adlnet.gov/expapi/ | Indicates the activity provider has
verbs/ initialized determined that the actor successfully
started an activity.

Progress http://adlnet.gov/expapi/ | Indicates a value of how much an actor

verbs/progressed has advanced or moved through an
activity.
Complete | http://adlnet.gov/expapi/ | Indicates the actor finished or
verbs/completed concluded the activity successfully.
Select https://w3id.org/xapi/adb | Indicates the selected choices, favored
/verbs/selected options or settings of an actor in

relation to an object or activity.
Table5. Mapping of event action in SG to xAPI verbs

1.2.6. Learning Records Stores (LRS)

An LRS enables modern tracking of a wide variety of learning experiences,
including real world activities, mobile apps and even job performance. Data
from these experiences can be shared with other systems for reporting
analytics and to support adaptive learning experiences. As the LRS collects
data from a range of experiences, these sets of data can be compared and
collated to evaluate the effectiveness of training programs and learning

solutions (Software Rustici, n.d.).
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A Learning Record Store (LRS) is the implementation of the server-side
requirements associated with the xAPI specification. The LRS is a key
component of the xAPI architecture. As xAPl-enabled activities generate
statements, they are sent to an LRS (Lim, 2016) as shown in Fig2. It is the
application interface for storing, accessing, and often visualizing the data

about learning experiences, activities, and performance.

Fig2. Learning Record Store

An LRS is nothing more and nothing less than a wrapper or API software layer
to an SQL database (initially, a PostgresSQL instance in the original Rustici
implementation). This LRS implementation was open-sourced by ADL
(available at its Github repository) and is based on the Python computer
language and on the publicly acclaimed Django web framework (Corbi &

Burgos, 2014).

Learning Record Store

OAuth Basically HTTP
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Auth

Django Framework JSON

<:> PYTHON

Database(default PostgreSQL)

Clients

Nk §

Fig3.Usual LRS software stack and interaction

As shown in Fig 3, an LRS must also implement REST calls for data transfer
(PUT, POST, GET and DELETE). The Experience API can make use of either
OAuth or HTTP Basic Authentication when communicating with the outside
world, ensuring a certified and secured dialogue between clients (usually an
LMS) and the LRS service.

Moreover, a key factor of LRSs is that can connect to each other and share
data amongst themselves. Data can be transfer from one organization to
another, from one ecosystem to another. In other words, monitoring data can
be uniformly stored, allowing rapid, vast and democratic access to learning
analytics information.

There are several different ways that statements can be moved between LRS

(Softw
LRS e LRS < Statement - are
LRS |... | sharng | 9| grs
—_ tool —
One LRS pushes
statements to another Man-in-the-middle
26
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Rustici, n.d.):

a) One approach is to have one LRS share its statements with another. This
means that all statements in one LRS are transferred to another, but any
statements already in the second LRS are not transferred back to the first.

b) Two ways sharing: An extension of one-way sharing is to additionally share
statements in the other direction such that all statements in each LRS are
shared with the other Both LRSs sending on their statements to the other.

¢) Man-in-the-middle application. It’s also possible to share statements using
a 3rd party, man in the middle application that sits outside the LRSs.

d) Download and upload.

Finally, statements can be between LRSs by downloading the statements as a

JSON document from one LRS and uploading it to another.

1.2.7. The growth of xAPI
The Experience APl was released, as version 1.0, in April 2013, and there are,

as of today, over 100 adopters, projects and companies involved. A list of
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companies who’s adopting to xAPIl such as those(“Who’s using the

Experience API?,” n.d.).
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Fig5. Adopters to xAPI

1.3 Authoring Tools

The elearning market globally continues to evolve. The rapid growth of
elLearning leads to expanded need of content creation. According to Research
and Markets Report (Docebo, 2016), the global content authoring tools
market is expected to grow at a CAGR of 7.72% over the 2017-2021period.

Authoring tools are software applications used to develop eLearning products.
They generally encompass capabilities to create and manage elearning
activities. In simple terms, an authoring tool is an eLearning course creation
tool that allows anyone, not just programmers, to create, package and deliver

engaging contents of eLearning (Khademi, Haghshenas, & Kabir, 2011).
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Moreover, authoring tools generally use WYSIWYG (“what you see is what you
get”) interfaces allowing users to easily mage elearning assets. They reduce
the skill set requirements for the development process and decrease technical
overhead.

Authoring tools range from simple tools that convert slides to web pages to

advanced software for creating complicated applications.

1.3.1. Categories of authoring tools

There are nine major categories of authoring tools according to ADL (Berking,
2018).

* Learning content management systems: These applications combine
the authoring functions with content management and delivery

* Self-contained authoring environments: These applications create
entire eLearning courses using capabilities within the authoring tool.

* Virtual classroom systems: These are platforms specifically for creating
content that is delivered via an online collaboration tool.

* Mobile learning development tools: These authoring tools are using
mobile screen templates and provide output files that work with
mobile device operating systems.

* Social Learning development tools: Create learning that is based on
learner-generated content (eg wikis, video sharing, social networking,

blogs).
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* Performance support development tools: These are tools to specifically
author performance support modules.

* External document converter/optimizer tool: These tools provide
limited ability to develop elearning content from scratch. They are
designed to import external documents and convert them to web-
based eLearning formats (HTML5 or Flash) by adding some interactivity.

* Intelligent Tutoring Systems (ITS): This technology, dynamically
generates instruction in real time through artificial intelligence
algorithms and also mimics the behavior of an expert human tutor.

* Auxiliary tools: These tools accumulate objects created in other tools
into an organization/sequence of learning objects, usually to produce
SCORM packages.

In Figb is presented the main categories and subcategories of the existing
authoring tools. The categories are not mutually exclusive. Many authoring

tools have attributes that qualify them for two or more categories.
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1.3.2 xAPl and authoring tools

Adoption to xAPI is almost ubiquitous amongst authoring tool vendors (ADL,

2018). The majority of authoring tools support xAPI specification albeit to



varying degrees. Some authoring tools simply use built-in xAPI statements to
replicate SCORM'’s tracking mechanisms, but other tools have a bit more
capability.
Moreover, the vast majority of authoring tools such as Articulate Storyline
(Articulate, n.d.) , iSpring (“iSpring,” n.d.) and Captivate(Captivate, n.d.) will
allow you to send xAPI statements, but with low levels of customization. By
default, you’ll get pre-described verbs — a preset (e.g. “completed”,
“experienced”, “passed” as a response to quiz questions). This approach does
not tap into the full power of xAPIl. However, authoring tools such as Lectora
(Lectora, n.d.) and Claro (Claro, n.d.) are further ahead, and allow you to
generate an xAPI statement for anything on a page as well as selecting the
verb used for that statement. Finally, with the exception of Storyline all
authoring tools at present can only send and not retrieve xAP| statements
(Putman, 2016).
In (Foreman Steve, Wiggins Craig, Berkins Peter, 2015) authors suggest how
authoring tools can provide more robust support for xAPI in the future. We
summarize their viewpoints as following:

a) bi-directional communication between the content and the LRS,

b) focus on performance-based assessment,

c¢) adaptive contented, and

d) focuses on tools made for a specific context or use case.
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1.4. Dyslexia

1.4.1. Dyslexia

“Dyslexia is a neurodevelopmental disorder characterized by deficits in the
ability to learn or to use specific academic skills. Dyslexia is a cross-cultural
and chronic condition that typically persists into adulthood” (APA, 2013).
Prevalence of dyslexia is controversial, ranging worldwide from 5-15%
(Vlachos et al., 2013), (Peterson & Pennington, 2015) with a significant male
predominance with sex ratios ranging from 1.5:1 to 3.1:1. These great
discrepancies are due to methodological differences among studies and
mainly due to the use of many terms in the past to describe dyslexia (Lopez-
Escribano, Sanchez, sciences, & 2018, 2018),(Rutter et al., 2004), (Hawke,
Olson, Willcut, Wadsworth, & DeFries, 2009), (Vlachos et al., 2013) .
Dyslexia is characterized by specific impairment of reading and spelling which
cannot be explained by delayed development of cognitive abilities or low
intelligence.

Early signs of learning difficulties may appear in the preschool years
(e.g., difficulty learning names of letters or counting objects), but they can

only be diagnosed reliably after starting formal education (APA, 2013).

1.4.2. DSM-V: Diagnostic criteria of dyslexia
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Diagnostic and Statistical Manual of Mental Disorders DSM-V: Diagnostic

criteria of dyslexia (APA, 2013):

A.

“Difficulties learning and using academic skills, as indicated by the

presence of at least one of the following symptoms that have persisted for

at least 6 months, despite the provision of interventions that target those
difficulties:

1. Inaccurate or slow and effort-full word reading (e.g., reads single words
aloud incorrectly or slowly and hesitantly, frequently guesses words,
has difficulty sounding out words).

2. Difficulty understanding the meaning of what is read (e.g., may read
text accurately but not understand the sequence, relationships,
inferences, or deeper meanings of what is read).

3. Difficulties with spelling (e.g., may add, omit, or substitute vowels or
consonants).

4. Difficulties with written expression (e.g., makes multiple grammatical
or punctuation errors within sentences; employs poor paragraph
organization; written expression of ideas lacks clarity).

5. Difficulties mastering number sense, number facts, or calculation (e.g.,
has poor understanding of numbers, their magnitude, and
relationships; counts on fingers to add single-digit numbers instead of
recalling the math fact as peers do; gets lost in the midst of arithmetic

computation and may switch procedures).
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B.

C.

6. Difficulties with mathematical reasoning (e.g., has severe difficulty
applying math concepts, facts, or procedures to solve quantitative
problems).

The affected academic skills are substantially and quantifiably below those

expected for the individual’s chronological age, and cause significant

interference with academic or occupational performance, or with activities
of daily living, as confirmed by individually administered standardized
achievement measures and comprehensive clinical assessment.

The learning difficulties begin during school-age years but may not become

fully manifest until the demands for those affected academic skills exceed

the individual’s limited capacities (e.g., as in timed tests, reading or writing
lengthy complex reports for a tight deadline, excessively heavy academic

loads).

D. The learning difficulties are not better accounted for by intellectual

disabilities, uncorrected visual or auditory acuity, other mental or
neurological disorders, psychosocial adversity, lack of proficiency in the

language of academic instruction, or inadequate educational instruction.”

Specifiers for Dyslexia
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Specification of all academic domains and subskills that are impaired at the
time of assessment, from the following (APA 2013):

1. “With impairment in reading: Word reading accuracy, reading rate
or fluency and reading comprehension.

2. With impairment in written expression: Spelling accuracy, Grammar
and punctuation accuracy, Clarity or organization of written
expression.

3. With impairment in mathematics: Number sense, memorization of
arithmetic facts, accurate or fluent calculation, accurate math

reasoning.”

1.4.3. Severity rating for Dyslexia

The severity rating for Dyslexia classified as following

e Mild

e Moderate

e Severe
Severity is based on the range of academic skills affected and on the
anticipated ability to compensate or need for accommodations or other

supportive services (APA, 2013).

1.4.4. Etiology
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Despite decades of intensive research, the underlying biological and cognitive
causes of dyslexia remain currently unknown. Dyslexia has not a single
underlying cause. The etiology of Dyslexia is complex and includes the
interaction of genetic, epigenetic, and environmental factors in its etiology
(Hendren, Haft, Black, White, & Hoeft, 2018), (GORKER et al., 2017). The
estimated heritability rate of dyslexia is approximately 50-70% (Hawke et al.,
2009), (Peterson & Pennington, 2015). The relative risk of dyslexia is 4-8 times
higher in first-degree relatives of individuals with these learning difficulties

compared with those without dyslexia.

1.4.5. Comorbidity of Dyslexia

Dyslexia is highly comorbid with other developmental and psychiatric
disorders. The most prevalent comorbid disorders are Specific Language
Impairment, Attention Deficit Hyperactivity disorder, Autistic Spectrum
Disorders, Anxiety and Depressive Disorders (Hendren et al., 2018), (Ramus,
Marshall, Rosen, & Van Der Lely, 2013), (Talli, Sprenger-Charolles, &
Stavrakaki, 2016), (Sciberras et al., 2014), (Mayes & Calhoun, 2006), (Scerri et

al., 2011),
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1.4.6. Diagnosis of Dyslexia

There is no single test or a blood test that can diagnose dyslexia. Diagnosis of
Dyslexia is made on clinical grounds, based on the developmental clinical
picture of the child and his academic, social and medical history. Differential
diagnosis is also challenging as dyslexia is highly comorbid disorder. Rating
scales are valuable in screening for deficits, but they cannot substitute the

clinical diagnosis.

1.4.7. Dyslexia in Greece

Despite dyslexia is official recognized by Greek educational law, there is no
official screening and diagnostic protocol for diagnostic centers. Furthermore,
there is no school based screening protocol for dyslexia. Evaluation and
referral of children is based on empirical and subjective assessments of their
teachers. There are also few professionals adequately trained for diagnosing
dyslexia. Screening tools are few and not efficient standardized and therefore
rarely used in clinical practice.

In conclusion, diagnosis of dyslexia is based primarily on personal experience,
relying on the overall impression than on specific measurement (Protopapas,

2008), (Protopapas & Skaloumbakas, 2007).
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1.4.8 Related Work

The literature on using ICT to assess dyslexia is limited, inadequate and rather
dated.

The most widely used ICT screening test for dyslexia is Cognitive Profiling
System (CoPS) (Singleton, Thomas, & Horne, 2000) developed in United
Kingdom. CoPS is comprised of 8 subtests assessing working memory, auditory
and color discrimination and phonological awareness in 4 to 8-year-old
children. The test has many versions and is adapted in other languages Italian,
Swedish, and Norwegian (Singleton et al., 2000) (Brookes, Ng, Lim, Tan, &
Lukito, 2011).

In addition, there are many tests, such as Dyslexia Screener (“Dyslexia
Screener,”n.d.), Cognitive Aptitude Assessment software (“Cognitive Aptitude
Assessment,” n.d.), Comprehensive Diagnostic Assessment of Reading
Difficulties (“Comprehensive Diagnostic Assessment,” n.d.), which are
designed to assess learning disorders. These tests are not published in peer
reviewed journals and thus their validity is restricted and debatable.

In Greece the literature on ICT assessment for dyslexia is insufficient. There
are two ICT screening tests, VLEMA and Lamda (Christos, Skaloumpakas,
2007). VLEMMA is designed to assess dyslexia in children attending 3rd and
4th grades. Lamda in first released version was designed to assess dyslexia for

2nd grade to 4th grade students and in second version for 5th to 8th grade
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students. The validity and reliability of both tests is restricted due to their
many methodological limitations.

Undoubtedly, ICT screening tools, developmentally adapted and validated is
feasible, can be used massive in schools, covering the above mentioned
existing lack of a ICT assessment. For Greek educational system, where many
schools are isolated and the access to diagnostic centers is complicated and
time-consuming, the use of ICT screenings tools would be beneficial.

Despite the many advantages of ICT screenings tool, interpretation of their
results must be made with caution and in the light that they identify in the
population children at risk for dyslexia, who need further assessment (Brookes
et al, 2011), (Protopapas, 2008), (Singleton, 2001), (Protopapas &

Skaloumbakas, 2007).
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2. PARTB. Implementation Phase.

In this part, we are describing the following:

a) the analysis, design and implantation of SGST.
b) the installation, the structure and the design of the Learning
Locker LRS.

2.1 Analysis- Design- Implementation of SGST

2.1.1. Theoretical Framework of SGST’s.

2.1.1.1. Analysis of Reading and Spelling in Greek language

All alphabetic writing systems use graphemes to represent phonemes.
Learning to read and write an alphabetic system depends on children’s’ ability
to analyze and segment words into phonemes and connect these to the
corresponding graphemes. This cognitive procedure is defined as phonological
awareness (Aidinis & Nunes, 2001), (Stein, 2018).

Greek language has a relatively low orthographic complexity characterized by
an almost 1:1 mapping from graphemes to phonemes (Porpodas, 1999).
Learning to read is easier in consistent orthographies than in deep
orthographies. However, phonologically, it's not opaque for spelling as there
is a 1: many- phonemes-graphemes mapping (Niolaki, Terzopoulos, &
Masterson, 2014), (Porpodas, 1999) .

Therefore is easier to read based on direct decoding, but it’s impossible to

spell correctly based on the words pronunciation alone (Protopapas, Fakou,
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Drakopoulou, Skaloumbakas, & Mouzaki, 2013), (Protopapas & Skaloumbakas,
2007), (Protopapas, 2008).

Spelling and reading performance is depending on phonological awareness of
a language (Protopapas et al., 2013), (Aidinis & Nunes, 2001). The
phonological deficit hypothesis remains the most dominant among other
regarding the etiology of dyslexia (Talli et al., 2016),(Ramus et al., 2013),
(Caravolas & Volin, 2001) (Manolitsis & Georgiou, 2015).

Children with dyslexia are characterized by deficits in phonological reading
skills (decoding skills), phonemic awareness, phonological short-term memory
and impairment in reading comprehension (Waldie, Wilson, Roberts, &
Moreau, 2017), (Talli et al., 2016)(Tada E, 2009).

It’s also well documented that dyslexia in transparent orthographies is more
strongly associated with slow than inaccurate reading, caused by phonological
impairment (Sotiropoulos & Hanley, 2017),(Porpodas, 1999). Thus, a crucial
factor when assessing for dyslexia is the time children need to read words.
Moreover, their reading often remains slow and effortful with persistent
spelling and written expression deficits (Habib, 2000) .

Furthermore, spelling errors in dyslexia can be classified into orthographic and
phonological (Protopapas et al., 2013). Greek children in 1* and 2" grade spell
words mainly based on phoneme-grapheme correspondences and not on
orthographic lexical representations(Georgiou, Manolitsis, Zhang, Parrila, &

Nurmi, 2013). In general it seems that phonological development influence
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spelling functioning in dyslexia (Porpodas, 1999),(Protopapas et al.,
2013),(Aidinis & Nunes, 2001).

Additionally, reading comprehension in dyslexia is associated with word
accuracy, fluency and spelling skills of the children (Learning to Read Greek,
2017). Reading comprehension is relatively poor in 2" grade children despite
successful identification of individual text’s words (Aidinis, 2012)(Georgiou et
al., 2013). Second grade children with dyslexia could be identified on the basis
of poor word reading skills performed in comprehension tasks

(Constantinidou & Stainthorp, 2009).

2.1.1.2. Design of the SGST

The present SGST is designed to identify children at risk for dyslexia at the end
of 2" grade and at the beginning of 3" grade of primary school. The SG can
be also implemented in children of the 3" grade with severe specific learning
disorder.

We collaborate with Special Educators and Scientific Associates of Child and
Adolescent Mental Health Clinic of Venizeleio General Hospital of Heraklion to
help us design this diagnostic tool.

The SGST - test is based on DSM-V (APA 2013) diagnostic criteria for dyslexia
and its developmental adapted to screen phonological, spelling and

comprehension deficits in Greek language.
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It is comprised of two major domains, the phonological awareness and
reading comprehension (as we described them in the previous section) and a
smaller but not diagnostic one, the left and right conception domain. Each

domain is sub-dived into smaller tasks-subtests.

Diagnostic
Domains
Phonological Reading Conception of
awareness comprehension left and right

Fig7. Assessment Domains of the SG

The phonological awareness domain is comprised of 4 subtests: the spelling
subtest, the syllabic segmentation subtest, the optical discrimination of
correct spelling words subtest and the syllabic word composition subtest. Each
task is composed with a set of questions- activities. These subtests measure

the child phonological awareness in spelling and composing words.

discrimina
tion of

the syllabic
word
compositi

on

the syllabic

segmentat correct
ion spelling
subtest words

L 5 L 5 L 10 6
activities activities activities activities

Fig8. Phonological awareness subtests

spelling
subtest

The reading comprehension domain is comprised of 3 subtests: The small

sentence comprehension subtest, the metagnostic reading comprehension
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subtest and the word supplementation in text subtest. These subtests
measure the child reading comprehension skills which include the ability to

understand as well as to draw conclusion and make inferences of text read.

The small sentence
comprehension
subtest

the metagnostic reading The word
comprehension subtest supplementation

in text subtest.

1 activity

Fig9. Reading comprehension domain

The left-right recognition domain has no predictive value in the test, although
results can be included in the clinical picture of the child, as deficits in this
domain often co-occur with dyslexia (Shovman & Ahissar, 2006). This subtest
contains 3 activities.

Moreover, all the subtests are coming with time frames, as the time of
processing of the child in each domain is a crucial parameter in assessing
dyslexia. Time frame was set after the pilot implementation of the SGST to 8
children with no learning disabilities and to 5 children with a diagnosis of
dyslexia. We set the time frame for each activity using the average response
time that children with dyslexia and children without dyslexia needed to
complete the activity.

In addition, each activity was scored according to the level of difficulty. We
classified the activities into three levels of difficulty, low medium and high and
we scored them as it’s depicted in Table6.
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LEVEL OF

subtest ACTIVITIES DIEFICULTY POINTS TIME
ACTIVITY 1 medium 1 1 min
ACTIVITY 2 medium 1 1 min
spelling ACTIVITY 3 medium 1 1 min
ACTIVITY 4 medium 1 1 min
ACTIVITY 5 medium 1 1 min
ACTIVITY 6 medium 1 1 min
. ACTIVITY 7 medium 1 1 min
syllabic ACTIVITY 8 medium 1 1 min
segmentation - :
» ACTIVITY 9 medium 1 1 min
§ ACTIVITY 10 medium 1 1 min
o ACTIVITY 11 easy 0,5 30 sec
g ACTIVITY 12 easy 0,5 25 sec
2 ACTIVITY 13 easy 0,5 30sec
_;g: optical ACTIVITY 14 easy 0,5 25sec
o discrimination of | ACTIVITY 15 easy 0,5 30sec
g correct spelling ACTIVITY 16 easy 0,5 30sec
_8 words ACTIVITY 17 easy 0,5 30sec
e ACTIVITY 24 difficult 3 2min
ACTIVITY 25 difficult 3 1m30sec
ACTIVITY 26 difficult 3 2min
ACTIVITY 18 easy 0,5 50sec
ACTIVITY 19 easy 0,5 30sec
syllabic word ACTIVITY 20 easy 0,5 40sec
composition ACTIVITY 21 medium 1 50sec
ACTIVITY 22 medium 1 50sec
ACTIVITY 23 medium 1 50sec
c ACTIVITY 27 easy 2 2,5min
o ACTIVITY 28 easy 2 2,5min
2 small sentence 7\ i1y 29 easy 2 2,5min
(] comprehension -
f) ACTIVITY 30 easy 1,2 2min
s ACTIVITY 31 easy 1,2 2 min
g metagnostic
o reading ACTIVITY 35 difficult 8 5min
Eo comprehension — .
=¢55 word ACTIVITY 36 difficult 4 4min
g supplgmentation ACTIVITY 37 difficult 5 5min
in text
g T ACTIVITY 32 medium 0 1,5min
"3_ ; = conception of . .
§ 7 l&o left and right ACTIVITY 33 medium 0 1,5min
8% ACTIVITY 34 medium 0 1,5min

*activity numbers follows the order of SGST’s report (cited in Apprentice 2.

Table6. Activities Score and Time
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Moreover, the feedback to user in each activity is always positive regardless of
the outcome. Positive feedback is an important element in children’s
motivational behavior and more important to dyslexic children who are used

in failing into assignments.

2.1.1.3. Scoring the SGST

Each diagnostic domain is scored and evaluated independently. In Table 7, we

summarize the total score points of each major domain.

Diagnostic Domain ACTIVITIES Points
A. Phonological Awareness 26 27
B. Reading Comprehension 8 26
C. Conception of left and Right 3 0
Total 37 53

Table7. Diagnostic Domains Score

In phonological awareness domain, the scores of 4 subtests are combined (by
adding points from successful activities) to derive an overall probability of
dyslexia and classifies children into 3 categories: highly probable- clinical
range with score <60%, Borderline probable with score <60-70% and Normal
with score >70%.

In reading comprehension domain, the scores of 3 subtests are combined (by
adding points from successful activities) to derive an overall probability of

dyslexia and classifies children into 3 categories: highly probable- clinical
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range with score <50%, Borderline probable with score <50-60% and Normal

with score >60%.

Diagnostic Domain Clinical Range Borderlines Normal Range
Phonological 0-60% 60-70% >70%
Awareness

Reading 0-50% 50-60% >60%
Comprehension

Table8. score range

If a child’s score is in the high probability range in both or in one diagnostic
domain, it’s considered highly probable for diagnosis of dyslexia.

When both score are in normal range, the child is not probable for dyslexia.
When child’s score is in the borderline range in both or in one domain, it’s
classified as borderline dyslexic, which means that the child needs further
clinical evaluation for comorbid disorders or needs a reevaluation in later
developmental stages.

Finally, for limiting child’s distraction to minimum level over tasks and help
him remain focus during evaluation, the SGST’s graphical interface should be

‘static’, with no music background and also adapted to children age.
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2.1.2. Structure of the SGST

The SGST is consists of eight levels. Most of the levels correspond to subtests.
We divided the optical discrimination of correct spelling words’ subtest in two
levels and we merge the ‘metagnostic reading comprehension’ subtest and

the ‘word supplementation in text’ subtest in to one level.

Level Subtest

levell spelling
level2 the syllabic segmentation
level3 The small sentence comprehension
the optical discrimination of correct spellin
leveld P P &
words
level5 syllabic word composition
level6 conception of left and right
the optical discrimination of correct spellin
level7 P P &
words
metagnostic reading comprehension -
level8 & g P

word supplementation in text
Table 9. mapping levels to subtest

The sequence of the levels is structured considering two parameters:

a) The type of the activities of the level: we want to maintain the interest
and the engagement of the user with a variety of activities (e.g. puzzles,
drag and drop questions, multiple choice)

b) The level of difficulty: a difficult activity is followed by an easier one

giving the time to user to decompress.
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Moreover, the sequence of the levels is linear. The user is not allowed to skip

questions. The SGST ends when user complete all the levels of the game.

Fig10. Framework of the SGST

Finally, the SGST sends through email a detailed report with the answers and
the results of the user and also connects with learning Locker LRS through

XAPI.

teacher

Fig11. SGST’s report results

50



2.1.3. Implementation of the SGST

2.1.3.1 Authoring Tool- iSpring Suite

We use iSpring Suite 8.5 (“iSpring,” n.d.) trial version for the implementation
of the game. iSpring Suiteis an authoring tool produced by iSpring for
developing professional e-Learning courses with embedded (or standalone)
quizzes, surveys, and interactions. Output is compatible with
mainstream LMSs standards (SCORM/AICC) and xAPI (Tin Can). Output can be
a solid SWF file(s), EXE file, HTML page or ZIP archive. Additionally, the cross-
platform output format (Flash + HTML5) allows published content to work on
desktops, laptops and mobile.

iSpring Suite helps to create quizzes for learning, knowledge check, and skill
building. Perform accurate knowledge checks with versatile question types,
from simple classics like multiple choice and matching to creative freeforms,

hotspots, and word banks.

Select from Lists Drag the Words Hotspot Drag and Drop

Fig12. iSpring Suite environment
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2.1.3.2 Graphical user interface of SGST

We described the structure of the game in previous section. Screen Shot 1
shows the eight levels of SGST. Each level represented with different animals.
A squirrel indicates the position of the user during the game. Once a level
complete turns to green. The game ends when squirrel — user complete all
eight levels.

Photos, illustrations, vector and graphics we used in SGST is free of copyright

most of them are downloaded from pixbay (https://pixabay.com/).

Screen Shot 1. Level of the SGST

Mpage tnv AEn
Tiou BAEMELS

In level one- spelling subtest, the user has to { otV eéva

write the word that is shown in the picture.




The user can hear the word by clicking the button. The format of the

questions are type IN

Screen Shot 2. Level 1- spelling subtest

Audhete TOV OWOTO
GUARaBLapo ya T Ak

TIOPTES

In level two- the syllabic segmentation, the
player has a fixed amount of time to O7eh
TO-PTES

choose the correct answer. The type of

questions

are multipchoice.

Screen Shot 3. Level 2- the syllabic segmentation

In level three - the small sentence

comprehension, user has to choose the

correct word for each sentence.

Screen Shot 4. Level 3- the small sentence
comprehension

O ENIANA

O ENINAA




In level four - the optical discrimination of correct spelling words, user has to

select the correct word.

Screen Shot 5. Level 4- the optical discrimination
of correct spelling words

50 AcuTe pOAETTTA YL VA ATIAVTHTEL,

In level five - syllabic word composition,

YL va GYXNpatLotouy cavd OLAEGELG

the user has to put the syllabus in

Bep

correct order and form the word.

EvtataL

Screen Shot 6. Level 5- syllabic word composition

EméAege TIAVW OTNV £LKOVA TIOLO Elval
T0 APIZTEPO Ti68L Tou KopLralol

In level six, conception of left and right,
we ask the user to locate a certain spot

on the picture.

Screen Shot 7. Level 6- conception of left and
right
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In level 7- part two of the optical discrimination of correct spelling words, user

has to find the correct words

Screen Shot 8. Level 7- the the optical
discrimination of correct spelling

AE GTI CELPA TLG TIPOTACELG
va pTLageLg Ty Lotopla

In level eight- metagnostic reading

Aev Ba ety pooyelwBeL pe Ta poltpa
ot ToUpta Tou Baolhn

comprehension, we ask the user to put

ko Sev Ba e guvaday OAoL Gripepa,

Agv B0 Elyc okOVTaPEL OTNY KAPEKAT ‘
«TOUpTa YEVEBALWYS ‘

in order the sentences and create a

Tinota 8ev Ba elye ouppel, av ev elyanae
0°aUTH TO TIGPTL

short story.

EvtageL

Screen Shot 9. Level 8- metagnostic reading
comprehension

In level eight- word supplementation in

MEEELG £TOL WOTE Vet ByadeL vonpa n oo pie,

mpotw || peycdwow | kdBopat |

text, the user has to read the text and

Bedw va yivw peyahog Jwypdapos.
choose the correct word for each gab. 0! e eiva ot va LwypapiLy,
y 0 Puhaw. Otav ipal oto omitt

WpEG Kat {wypapifw. Zwypapilw ooa PAénw

EvtakeL

Screen Shot 10. Level 8- word supplementation
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Finally, before each level we provide the user with instructions and paradigms.

Screen Shot 11. Instructions before entering a
level

The final version of SGST can run as a standalone on desktops and also as an

application on tablets.

All of the game activities and questions are cited in the Appendix 1 of this

thesis.

2.1.4 Evaluation of the serious game from the experts.

After we completed the implementation of SG we gave it to 8 primary school
teachers and 5 special need teachers for evaluation. They provide us with
useful insights and suggestions which we took immediately into account.

All experts found the SG interesting. They liked the design of the SGST. They
also made suggestions which we summarize as followed:

a) A better sequencing of the levels of the game.

b) Changing some words and sentences in activities.
c) Improvement of the writing in instructions.

d) Improvements regarding the graphical interface

Once the above-mentioned changes had been made, we proceeded to the

creation of the new version of the SGST and we send it back to the experts for
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further review. The last version of the SGST was generally proved with no

further suggestions.

2.1.5. Pilot Test. Reliability and validity of the SG

In order to obtain information regarding the correct implementation of our
tool and its reliability we carried out a pretest. We apply the SGST to 8
children of second grade (four boys and four girls) with no learning disabilities
and also to 5 children (3 boys and 2 girls) with dyslexia. The aim of the pilot
implementation was:

a) to evaluate the engagement between children and the game.

b) to record the response times to each activity.

c) to define the scale scores, we use to evaluate the results.

After implementation all children expressed that they liked the graphical
environment. They were motivated to answer the questions in order to move
on to the next level. Moreover, they found most of the levels of the game easy

and fun to play with.

Furthermore, observing the interaction of the children with the game we
noticed that, we had to improve some instructions so that the children could

have a better understanding of what they have to do.
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Moreover, regarding the results, all the children with no learning disabilities

passed successfully the test and all the children with dyslexia failed.

In addition, we set the time frame for each activity using the average response
time of children with dyslexia and children without dyslexia needed to

complete the activity.

Once the mentioned modifications and changes had been made we release
the final version of the SGST. The final version of SGST can run as a standalone

on desktops and also as an application to tablets.
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2.2 Learning Locker LRS

2.2.1. Learning Locker Architecture Overview

Choosing an LRS to track our results was challenging. We tested free
LRSs such as Watershed LRS, Saltbox’s Wax LRS and Rustici’s SCORM Cloud but
all of them suffer of limitations. We end up using Learning Locker(“Learning
Locker,” n.d.). Learning Locker is an open source LRS, xAPI ready and with
advanced data cleansing, analysis and sharing tools.

Learning Locker is divided into two Github repositories, one for the
Learning Locker application and one for the xAPI service. The Learning Locker
application repository is made up of three parts (in the same Github
repository), the browser interface (Ul), the HTTP interface (API), and the
workers. The three parts are running as their own process to share resources
(since JavaScript is single-threaded) and ensure a degree of redundancy.

The xAPI service is made up of four services in separate Github
repositories, the services are for statements, activity profiles, agent profiles,

and state.

2.2.2. Installation of Learning Locker
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At first, we installed Learning Locker version 2 in an Ubuntu Server
virtual machine. We faced a lot of problems with the installation but finally we

managed to setup the application.

cluster o ¢ 1401 m learmingloc
ker

cluster @ AEN 119.2 learninglec
“er

cluster 2758 o Fy .0 learminglec

ScreenShot 12. Installing learning locker

As soon as we started testing the environment of learning locker we
realized that our main problem was that we were using a virtual machine. We
needed an Ubuntu server with a static ip address. We turn to the Natural
Interaction LEarning Games Lab (NILE) that they were already running
Learning Locker and they provide us access to their server. We setup our own
organization “voulaskou’”. Organisations contain stores and clients inside

learning locker.

Learming Locker
MAKING LEARNING MEASURABLE

Choose your organisation

Your Organisations
~NILE

voulaskou

= Log out

ScreenShot13. Setup of organization.

2.2.3. Structure of the LRS
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In Learning Locker you can structure your organizations, stores, clients.
There are few key concepts

o Organizations contain stores and clients.

« Stores contain xAPI statements and xAPI documents.

e Clients can be used to access data within the organization via HTTP
interfaces.

e Clients can be restricted to only access data within a single store in
their organization.

Initially, we created a Learning Record Store ‘classroom’ where we could

store our statements from the game.

> normal ( 1720 ) Created 17 days ago - 2015-05-03 19:23: 44

e classroom [ 1451 ) Crested & month &go - 201 5-04-26 14:29: 52

Title

classroom

Description

serious games analytics|
> Screening Tool [ 536 ) Crested & month ago - 201 S-0d4-24 055711

setup the Lrs

Afterwards, we setup the client which contains details for permissions,
authenticating and storing the xAPI request from the game.

XAPI Endpoint: https://Il.nile.teicrete.gr/data/xAPI

Key : cead3f86792ec4185d89e1b43e5c31de34bdfe72
Secret : fb0a9d343af9afldf9da7f9a5be8946e2c690b25
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https://ll.nile.teicrete.gr/data/xAPI

XAPI Endpoint:
woulaskou

>  general
& Data

A
k. Feopie class_test

Title

class_test
Stores

Enabled?
Users
Key

CIREEMISEEEI cead3fB6792ecd 18508921 ba3e5c31de34hdie 2

Clients Secret

Roles Thoasd3dIargar 1 droda7riaashesod6e2c690025

ScreenShot 16. Create the client

2.2.4. Connect learning locker with SGST

Crested 17 days ago - 2018-05-03 °

Created a month ago - 2015-04-26

As long as we created the client we connected the SGST. We established the

connection by adding the following code inside the index.html file of SGST.

var params = {
quizld: "dyslexia_screening_tool",

login: "cead3f86792ec4185d89e1b43e5c31de34bdfe72",
password: "fb0a9d343af9afldf9da7f9a5be8946e2c690b25",

flags: 3,
resumeMode: "never",
tincan:
{
endPoint: "https://Il.nile.teicrete.gr/data/xAPI/",
auth:
{
type: "basic",
key: "",
name:"",
email: ""
Lhh

2.2.5. Managing Statements
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Retrieving statements from SGST was a key point in our experiment.
We describe in part one the way xAPI structures statements. We are
interested in tracking not only results, but also which activities
experienced, questions that answered or not answered, the time that took
to complete the test.

Every answer, selection and action that a user makes in our game is

captured by learning locker and saved in data/source section.

? 20129 completed a dary ago

> 2019 failed a day ago

? 2021 answered a day ago

> 2020 completed a day ago
Statements of SGST 1

We described in previous section the scale we use to evaluate the results.
In order to analyze the results in learning locker we focused on the
following

a) if user passed the test.

b) if user failed the test.

c) ifuserisin border lines.

d) how many completed the test

e) average score of activities

f) average score of diagnostic domains

And then we build queries in JSON to save these result statements.

For example, the query for users that failed the test is:
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{
"Sand": [
{
"Scomment":
"\"criterionLabel\":\""F\",\"criteriaPath\":[\"statement\",\"verb\"]}",
"Sor": [
{
"statement.verb.id": "http://adInet.gov/expapi/verbs/failed"
S I *
{
"Scomment": "{\"criterionLabel\":\"E\",\"criteriaPath\":[\"Irs_id\"]}",
"Sor": [
{
"lrs_id": {
"Soid": "5aelb81cb4bd4b5e611cfc67" } } 1 1
{
"Scomment":
"{\"criterionLabel\":\"G\",\"criteriaPath\":[\"statement\",\"object\"]}",
"Sor": [
{

"statement.object.id": "ispring://quizzes/dyslexia_screening_tool"

P 1

Also, we built the next query to track average result for each diagnostic

domain:
{
"Sand": [
{
"Scomment": "{\"criterionLabel\":\"A\",\"criteriaPath\":[\"Irs_id\"]}",
"Sor": [
{
"lrs_id": {
"Soid": "5aelb81cb4bd4b5e611cfc67"
} | A
{
"Scomment": "{\"criterionLabel\":\"B\",\"criteriaPath\":[\"statement\",\"object\"]}",
"Sor": [
{

"statement.object.id": "ispring://quizzes/dyslexia_screening_tool/groups/ 38B60E98-
DOEF-4DC3-8F48-CE0181514488 "

L

{
"statement.object.id": "ispring://quizzes/dyslexia_screening_tool/groups/_ED62E2DO-

0915-4BD2-8CBF-A2A8E6FCB514_"

Pl T}
2.2.6. Virtualization of the results
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Learning Locker is flexible enough to render many graph types such as bar
charts, column charts, pie charts, scatter graphs. We use these graph types to
virtualize our queries.

For example, we used the counter graph in order to virtualize the number of
the participants in the experiment. Moreover, we used the column graph to
virtualize participants’ score and bar graph to optimize average score of

diagnostic domain

TOTAL TOTAL

SAMPLE
0.8

o .
19571 2004t 2602 2804 2806 2608 2610 2612 261202 261205 261208 2613 2615 2647 2619

SCORE

Virtualization in learning

All queries, virtualizations are cited in Appendix 3.

2.2.7. Leaning Locker dashboard

Learning Locker allows users to create customizable dashboards using a
WYSIWYG interface. Dashboards offer a way to group, organize and display
the virtualizations. Each visualization is contained within a Widget, which you
can organize and resize. Dashboards can also be shared, allowing to embed
them in other sites, or just conveniently share certain Dashboards with others

without them needed to log in or having access to your Learning Locker.
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https://ht2ltd.zendesk.com/hc/en-us/articles/115000823149-Organising-Widgets

We set up two dashboards to organize our virtualizations. In the first one we
display users’ results and scores and in the other one we display more

detailed analytics.
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3. PART3- Experiment- Test

3.1. Experiment- Proceedings, sample, ethics, time

Proceedings

Five primary public schools of municipality of Herkalion, Crete were randomly
selected. All schools were having Special Education Inclusion Classes.

The directors of schools were informed about the aim of our study and gave
permission to implement the SGST to the children.

All special education teachers of the inclusion classes were trained in the SGST
implementation.

ETHICS

Except from the gender of the participating children, additional personal data

were not gathered in order to protect their anonymity.
SAMPLE

Our sample consisted of 31 second grade children, attending Special
Education Classes. All children were previously diagnosed with dyslexia by
public official diagnostic centers. Out of 31 children, 18 (58%) were boys and

13(42%) were girls.
(42%) 8 Gender of students

42% , 58% = boys = girls
(]

Graph1. Distribution of sample according to gender
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Time duration of the experiment

The experiment conducted from April 25™ untill MAY 24™ of 2018. Graph1

shows the exact number of the participants who tested each day.

Time duration of the experiment
date
1 ||ﬁ|| 'Irlll'. 'Irlll
o] |4 |h\- | I.-'
E 2— |I I| |I I"—\.I |I ..".l I|I I| I|I \'I."-
g I| |I | \ [\ | |I J
—_— | 1 | | [} Loy L
= AN . L SV ‘a_s“'{d I _
g 2018-04-30 2018-05-08 2018-05-16 2018-058-24
Graph.2 Time Duration of the experiment
3.2. Results

Among 31 participants, 29 (94 %) fulfilled the study criteria (Table 10). The 2
children who didn’t fulfilled the study criteria were children who were
receiving intensive special educational interventions since the first grade.

Their scores though were slightly below the clinical borderline range.

31 22 7 2

Tablel0. Results of the participants.
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Moreover, no significant differences were observed regarding the gender of
the participants and performance in the test. Analytically, among 18 boys, 14
(77,78%) were in the clinical range, 2 (11,11%) in borderline range and 2
(11.11%) were in normal range. Furthermore, out of 13 girls, 8(62%) were in
the clinical range and 5(%) in the borderline clinical range. Distribution of the

sample according to gender and diagnostic category is depicted in Table 11.

GENDER CLINICAL BORDERLINE NORMAL TOTAL
RANGE RANGE RANGE
N % N % N % N %
BOYS 14 77.78 2 11.11 2 111 18 58
GIRLS 8 62 5 38 0 0 13 42
TOTAL 22 71 7 23 2 6 31 100

Finally, no significant differences were observed regarding response times and
the gender of the sample. The average time of completion of the SGST was

23min for boys and 25min for girls.

Tablel1. Distribution of sample according to gender

3.3. Learning Locker Analytics

69



More of SGST’s data analysis performed in Learning Locker. Fig 12 is a screen
shot of learning locker’s dashboard. These are virtualizations of children’
scaled scores which are classified by categories.

Mumber of the Score of the participants
participants SAMPLE
18]

o . .
1997t 2004t 2602 2604 260F 2608 2610 2612 261202 261205 261208 2613 2815 2817 2610

SCORE

Murmber of children in clinical Score of the chidren in clinical range
range SAMLPE
0.6
w
2 2 AN 11 1 | 11 | w17 s ] S
o] 2000t 26001 2605 2611 ZB1201 261204 261206 261209 2614 IB1E 2619
number of the Score of the children in border lines

children in border -AKES

lines ng
0
g [ |
g -
3 2604 2606 2607 2608 2670 261202 2617
number of Score of the narmal

normal oA

0.8
I

a0z 261208

- AMES

Fig 13. Learning Locker Dashboard-Score Results

Furthermore, Figl4 is a screen shot of learning locker dashboard and shows
the average results of the participant in each diagnostic domain.

awverage =core of diagnostics domains

SCcoare
% Fhonological
= awvwaAreNness
=]
=1
() Reading
= Compretension
=
—
= . -
g [n] ois 04718171 2096296295

Fig. 13 Learning Locker Dashboard-Score of diagnostic domains

Finally, Fig 14 shows a part of the average score of children in each activity of
SCGT. Table 12 derives from Learning Locker analytics and confirms the
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validity of our initial classification regarding the level of difficulty for each

Average

Avtivity Score Result
activity 10 0,89
activity 12 0,86
activity 28 0,75
activity 7 0,72
activity 29 0,72
activity 11 0,71
activity 15 0,69
activity 27 0,66
activity 18 0,65
activity 19 0,65
activity 9 0,64
activity 4 0,61
activity 8 0,6
activity 1 0,59
activity 13 0,57
activity 31 0,59
activity 20 0,54
activity 2 0,53
activity 16 0,52
activity 5 0,51
activity 30 0,51
activity 22 0,45
acti\Ti!9’2 2. Average score results pelot'u];gvity
activity 3 0,42
activity 17 0,41
activity 37 0,38
activity 36 0,36
activity 26 0,29
activity 14 0,29
activity 21 0,27
activity 35 0,26
activity 6 0,26
activity 23 0,25
activity 24 0,12

activity.

average score per activity

> NEXT

dverage score

.
sg1e0arco20_-
.oo77e9ze335_-

Boa155e6F 5
#36e1454849_JEEEGEGE—
£580c2340005_-
z
]

0 0.5 o' 0.8947368421052633

Fig 14. average score per activity

Conclusions

In this research we designed a serious game screening tool in order to

identify children at risk for dyslexia at the end of 2" grade and at the begging
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of 3" grade. We tested the SGST to 31 children. We tracked SGST data
through xAPI specification and we analyzed them in Learning Locker LRS.

The SGST test —experiment results were exceptionally good. We
screened successfully 94% of the participants. Although, our results must be
interpreted in the light of some limitations. The SGST test was implemented
only to children with previous diagnosis of dyslexia. Standardization of the test
in clinical and non-clinical sample is warrant, in order to draw firm conclusions
about the validity and the reliability of the SCST. Moreover, interpretation of
the results must be made with caution and in the light that they identify in the
population children at risk for dyslexia, who need further assessment

Undoubtedly, ICT screening tools such as SGST, developmentally
adapted and validated is feasible, can be used massive in schools, covering the
existing lack of a school-based assessment. For Greek educational system,
where many schools are isolated and the access to diagnostic centers is
complicated and time-consuming, the use of ICT screenings tools would be

beneficial for the child
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Appendices

Appendix 1. SGST ‘s implementation

Serious Game Screening Tool Implementation

Diagnostic Domain Number of activities | Points Time

A. Phonological Awareness | 26 27 18min 30sec
B. Reading Comprehension | 8 26 25min 30sec
C. Conception of left and 3 0 3min 30sec
Right

Total 37 53 47min 30sec

A. Phonological Awareness Activities

The phonological awareness domain is comprised of 4 subtests: the spelling

subtest, the syllabic segmentation subtest, the optical discrimination of

correct spelling words subtest and the syllabic word composition subtest.

Number of activities: 26 Total Points:27 Time: 18min 30sec

Al- Subtest : spelling - Level 1

In level one- spelling subtest, the user has to write the word that is shown in

the picture. Also, user can hear the word.
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Activity 1.

Fpaye tnv Aé€n

Mpae tv Aétn
Tiou BRémelg
otV ko

Tiou BAETMELG

oTNV ELKOVA

( Type: Type in, Points: 1,
Time: 1 min)

Acceptable answers

Euotpa

Elotpa

Euotpa

&lotpa

oo

¢notpa

ZYZTPA

ZIZTPA

ZHZITPA

Activity 2

Fpaye tnv Aéén © s tevzpbrema
nou BAEmeLg ; )
oTNV £WKOVA IR T sl
Y \ TIoU BAETELG
(Type: Type in, Points: 1, Vit 4 aTNY ELK6VA
Time:: 1min) : ‘

60 AUTE POAETITA YLa VAl AMTAVTHOELS,

Acceptable answers

HTLOKOTO :
UTTLOKOTO e e
MMIZKOTO
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Activity 3
paye tnv

A&€n mou BAEneLg otnv
€lKOVa

(Type: Type in, Points: 1,
Time: 1min)

Acceptable answers

Kapxaplog

KapxapLag

KAPXAPIAZ

Fpaye tnv Aéén
Tou BAENELG

oTNV EWKOVA

(Type: Type in, Points: 1, Time: 1min)

Activity 4

Acceptable answers

umoudav

uroudav

MMNOY®AN

Fpaye tnv Aé€n
Tou BAERELS
oTNV EWKOVA

(Type: Type in, Points: 1, Time: 1)

Acceptable answers

TolpKo

TOLPKO

TZIPKO

O 58 Aeutepohenta

Tpage tnv
AEEN Tov BA£MELS
aTnV ELKOVa

() 59 Acutepéremca

60 AEUTE POAETTTA YLA VA ATTAVTICELG

Fpape tnv AEn
TIou BALMELG
otV ElKOVa

Mpape tnv ALEn
TIou BAEMELG
0TV ELKOVa
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A2 — Subtest : syllabic segmentation - Level 2

In level two- the syllabic segmentation, the player has a fixed amount of time
to choose the correct answer.
Activity 6

AldAe€e Tov owoTo cUANAPBLOUO YL TNV AEEN () 3 sevizpitema

TOPTEC AtdAee Tov WaTO
GUAROPLOpO yLa TV AEEn
(Type: Multiple Choice, Points: 1, Time: 1min) T[(’) PTEG

O TtO-pTES
() no-pteg

O Tiop-Te-g
() nop-te-g
(+) TOP-TEG

Activity 7
ALGAee TOV 0wWOoTO CUAAABLOMO yia TNV A£En
KEVIPLKOG

(Type: Multiple Choice, Points: 1, Time: 1min)

(+) KE-VIPL-KOG
() KEV-TPL-KOG
() KE-VIPL-KO-G
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Activity 8
AGAeEe TOV oWOoTO CUAAOBLOMO yia Thv Aé€n
avipwrnoc

(Type: Multiple Choice, Points: 1, Time:1)

() a-vO-pw-mog
(+) av-6pw-Ttog
() ave-pw-mog
Activity 9

ALdAe€e TOV owWoTO CUAAOBLOUO yLa TNV A€En
apkouda

(Type: Multiple Choice, Points: 1, Time: 1)

() a-p-kou-8a
(+) ap-Kou-6a
() a-pKoU-6a
Activity 10

ALGAeEE TOV 0WOTO CUANABLOMO yia TV A£En
UraeTtouvL

(Type: Multiple Choice, Points: 1, Time: 1min)

(+) MUna-otou-vi
() MUTaG-TOU-VL
() MUT-a-6TOoU-VL

7 35 A£UTE pOASTTTA YIa VA aTTaVTHCEL
ALaAe&e Tov oL J

GUAAABLOpO yia TV AéEn
KEVTPLKOG

O KE-VTPL-KOG
O KEV-TPL-KOG

KE-VTPL-KO-G

Evtaker

. . 35 AeuTepOASTITA yla va anav TiCEL
ALGAEEE TOV OWOTO — .o

yia thv AgEn
avépwmog

O @-ve-pw-Ttog

O av-8pw-Ttog

Evtater

‘ 35 AUTEPOETTTA YA va aMAVTACEL,
Adkege Tov bwutu

GUAAaBLopo ya Ty Ay
apkouda

O a-p-Ko0-5a
O ap-ko0-8a

L 0-pKoU-8at

@ 34 pevepirema

35 AsutzpéAzrraava anavinoms
ALGAeEE TOV CWOTO
GUAAGBLOPO yLa Tnv A£En

HTTAoTOUVL
O pma-cToU-viL
O pTtac-Tou-vi

) UTT-a-0ToU-VL
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A3 — Subtest : syllabic segmentation - Level 4- Level 7

In level four - the optical discrimination of correct spelling words, user has to

select the correct word

Activity 11
Mowd o tig Aé€eig sival n owoth;
(Type: True/False, Points: 0.5, Time:30sec)
() EMIANA

(+) ENINAA

Activity 12
Mowd amno tig Aé€eLg eival n cwoty;

(Type: True/False, Points: 0.5, Time:30sec)

(+) KAMNOZ
() KANMNOZ
Activity 13

MNowd amno tig AEEeLg eival n owoTn;
(Type: True/False, Points: 0.5, Time:30sec)
(+) opkifopau

() okpifopau

Mowa amo Tig AEEELG elval N owotr);

O ENIANA

O EMINAA

O 24 beuapthenca

v _ 25 AEUTERSAETITA A VA OTAVTHOE,
<

Novd drio Tig Aégerg elvar n oworr;

O KAMNOZ
O KANMOZ

Q) 27 Acutepdrenta

MNotd aro TG AéLeLg eival n owortr);

O ekpdopn

O gkdopHR

O gkSpopn




() okipZopau

Activity 14
Mowd o tig Aé€eig sival n owoth;

(Type: True/False, Points: 0.5, Time:30sec)

Motd aro TLg AEEeLg elval 1 owotr);
() ekpSoun O gkpSoun

() ekdoppn © ekdoppn

O gképopun
(+) ek&popry o

Activity 15
s g y ‘ , (") 22 AEUTEROAET
Mowd amo tig Aéerg eival n owotn; ~,
(Type: True/False, Points: 0.5, Time:30sec)
O otpwpa
(+) oTpWHA
O cpwpa
() opwpa O oTwppa
() oTwpuo
Activiy 16

(© 30seuteptrenta

_ 30 AEUTE PSAETTTA YLA WA ATTAVTGEL, I
:

Nowd amno tig Aé€eLg eival n owotn;

(Type: True/False, Points: 0.5, Time:30sec)

() §utopa
(+) §uotpa
() §vopa
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() KoUoTtpa

Activity 17

() 28 AeutepShenta

Mowd amo tig Aé€eLg sival n cwoth;

(Type: Multiple Choice, Points: 0, Attempts: 1) - TSI e s S SV ) e
O aykiotL

() aykiott )
O akyloTpt

() aKyiotpL O aykioTpt

(+) aykiotpl

Activity 24

Enéleée Tig A€€ELG OU Eilval YPOUUEVEG CWOTA
EnéAee Tic AekeLg Tou eivat flpondepes
(Type: Multiple Response, Points: 3, Time:2min) denclias _ i

[] cuvtopdLd a

[] SaAnwotpa R——
_ uykevtpwon

[+] GUYKEVTpWON
[+] wéLavog
[] TUPETIATAG
[+] eAnif{w
Activity 25

EnéAege Tig A£EELg OV Elval ypaMEVEG
cwWoTa

(Type: Multiple Response, Points: 3,

Time:2min)

[1] OKYWVOLG
[+] ovonvon
[+] Siapaopa

[] dAtoave




[] £kAnBpo

[1] onpéAla

Activity 26

EntéAe€e Tig AEEELG TTOU Eivol YpAUMEVEG CWOTA

Eméhege Tic AeBeLc mou elva Mlepioosrcpeg
. . and pa
OWOTEQ

anavtiosig

(Type: Multiple Response, Points: 3, Time:2min)

[+] SievBuvtig
[] nepieypog
[1] aAguBepia
[+] edonoww
[] TLOPYLLOLTLKAL

[] AnOpPOEKTOC

A4 — Subtest : syllabic word composition - Level 5

In level five - syllabic word composition, the user has to put the syllabus in

Mropeig va BAAELS oTn oelpd Tig GUAAAPEC correct order and form the word.
ylol va OXNUOTLOTOUV Eava oL AEEELG

(Type: Word Bank, Points: 0,5, Time: 50sec)

| 50 AEUTEPSAEITTE G Vi SITCVTHGE

Activity 18

EvtakeL
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[xou] [Bep ] [d

Activity 19

Mnopeic va BAAELG oth osLpd TG GUANABEG yLa
va oxnHatiotolv ava ot AEEeLg

(Type: Word Bank, Points: 0,5,Time: 30sec)

| urpa | | tod | | kual

Mrnopeig va BAAELG ot O£LpA TG CUAAOBEG yLa
va OXNHATLOTOUV ava oL AEEeLg

(Type: Word Bank, Points: 0,5, Time: 30sec)

Lovu | [ w || vid

Activity 21

Mnopeig va BAAELG 0T OELPA TLG

oUAAaBEG yLa va oXnpatLoTouV {avad oL Mriopsic val BAAELS 0T TELPG TIC GUAAGIBES

yLa va oXNPatiotoiv Eava ol AEEeLg

AE€erg

(Type: Word Bank, Points: 1,Time:50sec)

(o] [veon ] [B&] [

Activity

20

Mmopeic va BAAELC 0T gelpd TIG GUARAREG

B4 || w Jlvipil o |

YLO Va GYNPATLOTOUY £ava oL AEEELG

‘ 40 AeuTEPOAETTTA YA va amavTHIEL;

yla va axnuatiotoiv Eavd oL AEEeLg

vl | oup | pw

Evratey

‘ 50 AEUTEP GAETTTA Y1d VA ATTAVTAGELS

Evtager
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Activity 22

Mnopeig va BAAELG oTn O£Lpa TG CUAAABEG yLa va
OXNHATLOTOUV ava oL AEEELG

(Type: Word Bank, Points: 1,Time:50sec)

Le] [ ][ oot | [ouw

Mropeig va BAAEL; GTr) GELPA TLG GUANAPEG
YLOL VOGN PATLOTOOY £avd oL AEEELG

e | pw | m |otpé]

Evtafer

Activity 23

Mnopeig va BAAeLg otn oelpd TG GUAAABEC
ylo va oxnuotiotouv §ava oL AEEeLg

(Type: Word Bank, Points: 1,Time:50sec)

[ou|[vo]|mveu | | paf

(%) 49 2euteptrera

‘ 50 AsUTEp GASTITA Y10 VOl ATTAVTT OELG
Mrmiopeic va BAAELS 6T GELPA TLG GUAAIBES
yLa va axnpatietoiv Eavd oL AEEeLg

Cpa | ve | ol | mveu

Evtaker

B Reading Comprehension Activities

The reading comprehension domain is comprised of 3 subtests: The small

sentence comprehension subtest, the metagnostic reading comprehension

subtest and the word supplementation in text subtest.

Number of activities: 8 Total Points: 26 Time: 25min 30sec
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B1. Subtest : small sentence comprehension - Level 3

In level three - the small sentence comprehension, user has to choose the

correct word for each sentence

AldAege TRV owoth A€€n yia KAOe mpdtaon

(Type: Multiple Choice Text, Points: 2, Time:
2,5min)

Képaoa toug GIAOUG LoU YAUKA (yAuter)

H cokoAdta eival TIOAU YAUKLO (yAbkeér)
OL umdAeg elval Aeukec (Aexée)

H pumAoUTa éxeL évav Aske (Asukee)
28

AldAege TNV owotn AEEn yla kABe mpotaon

(Type: Multiple Choice Text, Points: 2,Time:
2,5min)

O BaolAlag kaBloe otov Bpovo (Epepe)

Ta maudid nailouv otov Spopo (8péve)

TNV yLopth Hou Npdav moAAd maldld (redte)
H kapékAa éxel TEooepa TIOSLOL (Fedier)

AdAe€e TRV owoth AEEn yla Kabe
npotaon

(Type: Multiple Choice Text, Points: 2, Time:
2,5min)

Y& napakoAw avae Ta dwto (deTe)
OLupooBéateg éoBnoav tv dwtLd
(pwzet)

Oa KaTEPRELG OTNV _0yopa (eyépte) ;

H taén €xeL 11 ayoplo (eyeps)

Activity

27

Activity

Aoula £xel évav |
Wiy
) e

Evtager

&}) "

VA

Evtatel

Activity 29

LT WA T T RE S
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Activity 30

Taiplage TIg TpoTaoeLg pe Tig AEEeLg

TaipLa&e TLG TIPOTACELG PE TLG AEEELG

Agv €xouv KapLd Swapopd.
Eival

TuBa Kavoupe avprlo. EXeLg
Kapua

(Type: Multiple Choice Text, Points: 1.2,Time: 2min)

T 0a kavoupe avpto. Exelg kopd Wéa M va ByoGpe ané Ty Téén
npéneL va dntricoupe

Aev €xouv koptd Stadopd. Eival dla E ‘)ﬂ )
4/ f/ \
h. ‘pnva e

Mo va Byou e amo TNy Tagn MpENeL va adela
{ntRooupe

BAAe oTn OELPA TIG TPOTACELS

Activity 31 oD
Talplo&e TLG TIPOTAGELG PE TLG Ac B
Ayopaoca plo wpaia KoUTQ
BéAe ta ranyvisia
péoa otnv
H Bapka £xeL KOUTILA

ittt i Y
Ayépaca pLa wpaia KouTiLd

33
% R |
\.i@ﬂvu e _ .

Evtagel

B2. Subtest : metagnostic reading comprehension - Level 8

Taiplage Tig TPoTAoEeLg pe TG AEEELG metagnostic reading

(Type: Multiple Choice Text, Points: 1.2, Time: comprehension, we ask the user to
2min)

put in order the sentences and

create a short story.

Activity 35
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Evtater




yo va GTLAEELG TNV LoTopia

(Type: Matching, Points: 8, Time: 5 min)

1 Tirnota &ev Ba eixe cupPet, av dev

eiyo mdeL o’ autod To TaptL

2 Aev Oa giya okovtael otnv
KapEkAa
3 Aev Oa giya pooyslwBdel pe ta

poUlTpa oTNV ToUpTa TOou BaoiAn

4 Kot 8ev Oa pe pwvalav 6ot

onpepa, «tolpto yeveBAiwv»

0T GELPA TLC TIPOTACELG
va kel my Lotopla

ki 8ev B ue puivaloy Aot oruepa,
arolpra yeveRhiuys

Aev B sy mposyEwbel e T polTpe
oy Tobpra ou Bt

Aev B ey okovTC e T kepérhae

Tinota 8ev A elye ouuPel av ev elyoos
COUTO TOTICPTL

B3. Subtest : word supplementation in text - Level 8

Word supplementation in text, the user has to read the text and choose the

correct word for each gab

AldAe€e Tig Aé€eLg £ToL wote va ByaleL vonua n otopia.

(Type: Word Bank, Points: 4, Time: 4min)

Otav | peyoadwow | Oéhw va yivw peydlog {wypddog. H
oAfBela gival otL | TPOTLUW | va {wypadilw, mapd va
UAGw. Otav gipal oto omitt | KaBopal | TIOAAEG WPEC Kol

{wypadilw. Zwypadilw 6ca PAEnw KL 6ca | ¢pavralopat | .

Activity 37

MdAege Tig A€eLg £ToL woTe va ByAaleL vonua n

Lotopia

(Type: Word Bank, Points: 5, Time: 5min)

Activity 36

AEEgL; ETon dhoe var ByaleL von i wopia

Khokaip | Tefifele | mivo | pukd | el

£V pou {teypatpLa quT| Tou
EpUOLTO . Tn {wypaupLon méve o€
po mou Trv EBpexe N Bdkaooa. Kaw pny noeL o
006 1L {wypawioa Ty EomAwcTpa KoL T

0. ZwypapLon Eve JE TIOVLE VI
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5 hemd jua va amave

woytaouat

w var yivw peyaiog Twypaipoc,
vawypapilu,

e OTO OTiTL

hpilw. Zuypayifw doo PAénw




H ayamnnuévn pou {wypadla QUTH TIOU
£Kava EPUOL TO . Tn lwypadloa

TIAVW O€ JLa EamAWoTpa Iou TV €Bpexe n

BaAaocoa. Kol pnv nastL to oag oTL

{wypadioa tnv {anAwotpa Kat tn 6dAaocoa.

Zwypadioa éva LE TLOVLA vVa
:

C. Conception of Left and Right Activities

The left-right recognition domain has no predictive value in the test, although
results can be included in the clinical picture of the child, as deficits in this
domain often co-occur with dyslexia

Number of activities: 3 Total Points: 0 Time: 4min 30 sec

Activity 32
Emélete mAvw otnv eKova TOLo ivall O “arzpirema
, ) EmeAege TIAVW 0TV ELKOVA TIOLO Elval
0 APIZTEPO 1661 ToU KOpLToLou T0 APIZTEPO TI65L TOU KOPLTGLOU
(Type: Hotspot, Points: 0, Time: 1,5min) n
Hotspots: 1 Fliion, Lol
Y N
' o
= ! (“gﬁé&-& )
-— = - €% Ve
://7;‘ = 77«— e - b o = a3 *g ‘\ - =3 _Ué e ‘ . ‘\l‘ ﬁ
—— “ oo - R po } “

B < =S
B
@ =
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Activity 33

O 24 heytepohemia

Enéle€e mavw otnv ekdva moLo eivat

45 AEUTE POAETTTA Y0 Vet AMIAVTAEL;

Eméheke mavw oty ELJ

T0 AEZI X€pL TOU KOpLToLOU o ,
T0 AE=] XEpL TOU KOPLTOLOU

(Type: Hotspot, Points: 0, Time: 1,5min)

Hotspots: 1

Activity 34

Enélete mAvw otnv eKova oLo ival

; : 45 A£UTE POAETTTA LA VOl ATTAVTHOEL,
ET[EAEEE TIOVW CTNV Elkuvu oo cuvuc

10 apIOTERD Xépi Tou ayopioy
(Type: Hotspot, Points: 0, Time: 1,5min) @

TO APLOTEPO XEPL TOU ayopLoU

Hotspots: 1
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Appendix 2. SGST's result report

This is the form of result report send through email

Dyslexia Screening Tool: "DYSLEXIA SCREENING TOOL"

ONOMA: 2611 <ell0@eleni.gr>
OYAO: KOPIT2I
XPONOzZ: 00:29:01 FROMeo

ANOTEAEZMATA: ANETYXE

AnoteAéopata ava Katnyopio

group_1 45.56% 60%

group_2 40.38% 50% x
1. Fpae tnv Aé€n
mou BAEMELG
oTNV EIKOVAL
zvotpa

MONTOI: 1/1 | NPOZMAGEIE:: 1/1

2. Tpaye TV Aé€n

Tou BAEMELG

oTNV ELKOVAL
Mriokoto

MONTOI:1/1 | MPOZNAGEIEZ:1/1

3. fpaye tnv
A£€n mou BAENELG OTNV ELKOVAL
AsgAdvi (kapxaplag, kapxaplag, KAPXAPIAZ)

MONTOI: 0/1 | MPOZNAGEIEZ:1/1

4. Fpaye tnv Aéén

mou BAEMELg

oTNV EIKOVAL
Mmnoudav

MONTOI:1/1 | NPOZNAGEIEZ: 1/1

5. Fpaye tnv Aé€n
Tou BAEMELG
oTNV EIKOVAL
Kaotpo (toipko, Talpko, TZIPKO)

NONTOI: 0/1 | NMPOZMABGEIE:: 1/1

6. ALdAeée Tov owotO UANABLOMO yia ThV Aé€n
TOPTES

@ TO-pTEG
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TOP-TE-G
W (U nép-teg
MONTOI: 0/1 | NPOZMNAGEIE:: 1/1

7. ALdAeée Tov owoTo CUANABLONO yia ThV Aé€n
KEVTPLKOG

< @ KE-VTPL-KOG

KEV-TPL-KOG

KE-VTPL-KO-G
MONTOI: 1/1 | NPOZMAGEIES: 1/1
8. AldAe&e Tov owoTto cUANABLOMO yia TNV A&En
avepwmnog

@ A-vB-pw-mog

« O Gv-Bpw-Tiog

Aave-pw-Tog
MONTOI: 0/1 | NPOZMAGEIES: 1/1
9. AtdAe&e Tov owoTto cUANABLOMO yia TNV AEEn

apkoLda
a-p-kou-6a

W () ap-kou-6a
® o-prov-5a

MONTOI: 0/1 | NPOZMAGEIE:: 1/1

10. AtdAeée Tov owotd cUANABLOMO yia TV Aé€En
praoctolvL

@ HIta-otoU-vt
WITOLO-TOU-VL
UM-0-0ToU-VL
MONTOI: 1/1 | NPOZMAGEIES: 1/1

11. Nowa amno tig A£€eLg elvar n cwotn;
EMIANA

@ Eminaa

MONTOI: 0.5/0.5 | MPOZMAGEIE:: 1/1
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12. Mowa aro tig Aé€eLg eivat n cwoty;
4" @ gannos

KANMOZ

MONTOI: 0.5/0.5 | NPOZMAGEIE:: 1/1

13. Notd o Tig Aé€eLg eivou n cwort;
" () opkizopar

®) okpizopar
okiplopat
MONTOI: 0/0.5 | NPOZMAGEIE:: 1/1

14. NMowa ano Tig Aé€eLg eivat n cwoth;
gkpdoun

ekbopun
W @ exspoun
MONTOI: 0.5/0.5 | MPOZMNAGEIE:: 1/1

15. Motd o Tig Aé€eLg eivou n owotry;
@ (U osrpdpa

opwua
oTwpua
MONTOI: 0/0.5 | MPOZMNAGEIES: 1/1

16. Mowa aro tig AégeLg eivar n cwoth;
Eutopa

v @ Euotpa
Euopa
KouoTpa
MONTOI: 0.5/0.5 | MPOZMNAGEIE:: 1/1

17. Mowa aro tig Aé€eLg eivat n ocwoty;

aykioTL
oKyloTpl

W @ qyciotpt
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MONTOI: 0.5/0.5 | NPOZMAGEIE:: 1/1

18. Mnopeig va BAAeLG 0T oELpd TG CUAAABEG yLa VL GXNHATLOTOUV §ava oL AEEELg
[xou] [Bep] [ta]

MONTOI: 0.5/0.5 | NPOZMAGEIE:: 1/1

19. Mnopeig va BaAeLg otn oelpd TG CUAAABEG yLOL VL GXNHATLOTOUV §ava oL AEEELG

[cod] (¥ urpa) [wrpal (¥ t0d) [kia]
MONTOI: 0/0.5 | NPOSMAGEIES: 1/1

20. Mrnopeig va BaAelg otn oglpd Tig cUANABEG yLa va OXNHATLOTOUV §ava oL AEEELG
[ovp][dw]lvw]

MONTOI: 0.5/0.5 | MPOZMAGEIE:: 1/1

21. Mnopeig va BAaAelg otn oepd Tig CUAAABEG yLa va OXNHATLOTOUV {ava oL AEEELg

[B&] (% oylvepd v (¥ Ba) [o1] (¥ w)
MONTOI: 0/1 | NPOZMNAGEIE:: 1/1

22. Mnopeic va BaAelg otn oglpd Tig cUANABEG yLa vaL OXNHATLOTOUV §ava oL AEEELG

[ellm][otpe][pw]
MONTOI: 1/1 | NPOMAGEIE:: 1/1

23. Mnopeig va BaAelg otn oslpd Tig UANABEG yLa vaL OXNHATLOTOUV §ava oL AEEELg
lourveu] (% vé)[ual (¥ mnveu) [vo] (¥ poy)

MONTOI: 0/1 | NPOZMAGEIE:: 1/1

24. Entée€e g AEEELG OV giva YPAUHEVEG CWOTA
cuvtopdLa

EaAnwotpa
W v OUYKEVTPWON
L D wéLavoc
TIPEMATAG
W v ehnilw
MONTOI: 1/3 | NPOZMAGEIES: 1/1

25. EnéAege Tig AEEELG MOV £ival YpOUHEVEG OWOTA
OKYWVOG

W ¥ quanvon

W v SaBaopa

dAltoavt
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€kAnBpo

ompEia
MONTOI: 1.2/3 | NMPOZMAGEIE:: 1/1

26. Entée€e 11g AE€ELG oL siva ypAUHEVEG CWOTA
W v SteuBuvTig

niepleypog
oAeuBepia

« [ eis0now
TPV LOLTLKAL

QMOPOEKTOG
MONTOI: 0.6/3 | MPOMAGEIE:: 1/1

27. AldAe€e TV owotr) A£gn yLa KA mpotaon
Képaoa toug dpihoug pou [yAukd]
H ookoAdta elvat oAU [yAukid]
OL pumaAeg sivat [Aeukéc)
H pmloula €xet évav [Aeukég] (Q? AeKE)

MONTOI: 1.5/2 | NPOZMAGEIE:: 1/1

28. AldAe€e TV owotr) A£gn yLa KA mpotaon
O BaotAag kabloe otov [Bpovo]
Ta madia naifouv otov[6popo]
2TV yLopth Hou fpbav moA\a [raldid]
H kapékAa €xeL Té€ooepa [modLa]

MONTOI: 2/2 | NPOINAGEIE:: 1/1

29. AldAe€e TV owotr) Aégn yLa KA mpoTaon
Y& napakoAw avape tafpwrtal
OLnupooBéotec €opnoav Thv[dwtLal
Oa katéPelg otnv [ayopd] ;
H taén €xeL 11 [ayopla]

MONTOI: 2/2 | NPOINAGEIE:: 1/1

30. TaipLage TIG MPOTACELG ME TIG AEEELG

1. TL Ba kGvoupe avplo. EXELG KL 1. 6¢a
2. Aev éxouv kapLd Stadopa. Eival 2. 16l
3. M va ByoUpe amo tnv Taén mpEMeL va {NTHOOUE 3. adela

MONTOI: 1.2/1.2 | NPO:MAGEIE:: 1/1
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31. TaipLage TG MPOTACELG ME TLG AEEEL

1. Ayopaoa pia wpaia 1. koUma
2. H Bapka éxel 2. KouTuLd
3. BdAe ta nayvidia peca otnv 3. kouTa

MONTOI: 1.2/1.2 | NPOZMAGEIE:: 1/1

32. EnéAe€e navw otnv lkOva moLo iva
10 APIZTEPO ndéL tou Kopltolol
TodL

MONTOI: 0.2/0.2 | NPOZMAGEIE:: 1/1

33. EnéAeée navw otnv lKOva moLo iva
1o AEZI X£pL TOU KOPLTGLOU
Freeform 1

MONTOI: 0.2/0.2 | NPOZMNAGEIE:: 1/1
34. Ené\ee nAvw otV LKOVA TIOLO £ivait
TO OPLOTEPO XEPL TOU ayopLou

Freeform 1

MONTOI: 0.2/0.2 | NPOZMAGEIE:: 1/1

35. BAAe 0T OELPA TLG TTPOTACELS
ylwa va dtiagelg tnv wotopia

1.1 3. Aev Ba giya mpooyelwOel pe ta polTpa oTNV TOUPTA TOU Baaciin
2.2 2. Aev Oa gixa okovtay el oTtnv KapEKAQ

3.3 4. kal dev Ba pe pwvalav 6ot orpepa, «TouPTA yEVEOALWVYY

4.4 1. Tinota Sev Oa eixe oupPei, av dev elxa maeL 0’ auToO TO MAPTL

MONTOI: 2/8 | NPOZMAGEIE:: 1/1

36. AldAege g Aé€eLg £ToL wote va Byalel vonua n Lotopia.
Otav [potiuw] (Ctr’::s peyoAwow) BEAw va yivw peyaiog {wypadoc. H aAnBela sival ot [kaBopatl] (
npotipw) va lwypadilw, mapd va plaw. Otav eipat oto onitt [davralopal] (‘iﬁ? KaBopal) oAAEG
wpeg kot lwypadilw. Zwypadilw 6ca PAENW KL 6ca [peyolwow] (Q? davralopat) .

MONTOI: 0/4 | NPOZMAGEIE:: 1/1

37. AudAege g Aé€erg £ToL wote va Byalel vonua n Lotopia
H ayannuévn pou {wypadld [mavo] (Qf? elval) autn mou £€kava mépuot To[puaio] (‘@} KaAokaipt).
Tn {wypddloa mavw o€ pLa EamAwaoTtpa ou Ty £Rpexe n Balacoa. Kat unv maet to [kalokaipt] (
HUaAO) oag otL {wypadloa Tnv EamAwaotpa Kat Th Balacoa. Zwypddloa va [talldevel] ("\‘59 TILAVO) UE
mavid va [eivad] (Qﬁ? ta€léevel) .

MONTOI: 0/5 | MPOZMAGEIES: 1/1
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Appendix 3. Learning Locker

In this appendix we present all the queries we built in Learning Locker to help
us analyze our data and classify our results.

1. Queries and Virtualization of scores of the participants

Score and number of all participants

query

graph

{
"Sand": [
{

"Scomment":
"{\"criterionLabel\":\"D\",\"criteriaPath\":[\
"statement\",\"verb\"]}",

"Sor": [

{
"statement.verb.id":
"http://adlnet.gov/expapi/verbs/completed

Pl
2
{

"Scomment":
"{\"criterionLabel\":\"E\",\"criteriaPath\":[\
"Irs_id\"]}",

"Sor": [

MNumber of the

participants

101



{
"lrs_id": { o
Soid Store ofhe parcipans
"5ael1b81cb4bd4b5e611cfc67"
YooY 1y SANPLE
0 09]
13
0 0 Y T v v
% 004 2604 2608 264200 2B20T 2614 2819
Score and number of children in clinical range
{ Mumber of children in clinical

"statement.object.id":
"ispring://quizzes/dyslexia_screening_t
ool/groups/_38B60E98-DOEF-4DC3-
8F48-CE0181514488 "

L { "statement.object.id":
"ispring://quizzes/dyslexia_screening_t
ool/groups/ _ED62E2D0-0915-4BD2-
8CBF-A2A8E6FCB514 "

}
| I A

"Scomment":
"{\"criterionLabel\":\"A\",\"criteriaPath
\":[\"statement\",\"result\",\"success\"
1},

"statement.result.success": false

}1H)

SCORE

range

22

Score of the chidren in clinical range

SAMLPE

!Ill Ll |...|I.||l

004t 2609 251204 2613

Score and number of children in border lines

query graph
{
"ispring://quizzes/dyslexia_screening_tool/g number of the
roups/_ED62E2D0-0915-4BD2-8CBF- children in border

A2A8E6FCB514_"

"Scomment":
"{\"criterionLabel\":\"A\" \"criteriaPath\":[\"
statement\" \"result\",\"success\"]}",

"statement.result.success": true

hoA

lines
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"Scomment":
"\"criterionLabel\":\"A\" \"criteriaPath\":[\"
statement\",\"result\",\"score\",\"scaled\"]}

"statement.result.score.scaled": {

"Slte": 0.70
PohoA

"Scomment":
"{\"criterionLabel\":\"B\",\"criteriaPath\":[\"
Irs_id\"]}",

T A T = =

"Sor": [
{
"lrs_id": { "Soid":
"5aelb81cb4bd4b5e611cfc67"
}
}
1}
{ "Snor":
[
]
}
Score and number of children who passed the text
query Graph
{“Sand“: [ number of
{ normal
"Scomment":

"{\"criterionLabel\":\"D\",\"criteriaPath\"
:[\"statement\",\"verb\"]}",

"Sor": [

{

"statement.verb.id":
"http://adInet.gov/expapi/verbs/passed"

| S I A

"Scomment":
"{\"criterionLabel\":\"E\",\"criteriaPath\"
\"lrs_id\"]}",

"Sor": [ {

"lrs_id": {

"Soid":
"5aelb81cb4bd4b5e611cfc67"

2
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- AMES

Score of the normal

H-ANES

0.8
I

2603 261208

2. we set a query to track and virtualize the time duration of our experiment

Time duration of the experiment

query Graph
{
"lIrs_id": {
} $°"}" : ]Sailbf“b“bd“bse“1°f°67 Time durgion o heexpeimen
"Scomment":

"{\"criterionLabel\":\"B\",\"criteriaPath\":[\"stateme
nt\" \"object\"}y",

"Sor": [

{

"statement.object.id":
"ispring://quizzes/dyslexia_screening_tool"

Pooloh oA

"Scomment":
"{\"criterionLabel\":\"C\",\"criteriaPath\":[\"stateme
nt\",\"verb\"]}",

"Sor": [

{

"statement.verb.id":
"http://adlnet.gov/expapi/verbs/passed"

oA

"statement.verb.id":
"http://adlnet.gov/expapi/verbs/failed"

P11}

participants

e

bop
kl “' F\ /\
. ‘\ |

|
2-‘\ ‘||

U.U 1_.| H'\-/\_/J \_/_/ |

10503 2018-|05-11 MEGEAT TS

3. we create a query to visualize the average score for each diagnostic domain.

Query Graph
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{
"Sand": [
{

"Scomment":
"{\"criterionLabel\":\"A\",\"criteriaPath\
"\Irs_id\'T},

"Sor": [

{
"lrs_id": {
"Soid":
"5aelb81cb4bd4b5e611cfc67"
}
}
]

7

{

"Scomment":
"{\"criterionLabel\":\"B\",\"criteriaPath\
":[\"statement\",\"object\"]}",

"Sor'": [

{

"statement.object.id":
"ispring://quizzes/dyslexia_screening_to
ol/groups/_38B60E98-DOEF-4DC3-8F48-
CE0181514488_"

2
{

"statement.object.id":
"ispring://quizzes/dyslexia_screening_to
ol/groups/_ED62E2D0-0915-4BD2-8CBF-
A2A8E6FCB514 "

dAdi=mgrmaao =Tt Cdce . L

4. We built a query in order to optimize the average score for each activity in SGST

Average score foreach activity

query | Graph
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{
"Sand": [
{

"Scomment":
"{\"criterionLabel\":\
"A\" \"criteriaPath\":
\'Irs_ie\")",

"Sor": [

{

"lrs_id": {
"Soid":
"5aelb81cb4bd4b5e

611cfc67"

}

]
}I
{

"Scomment":
"{\"criterionLabel\":\
"B\",\"criteriaPath\":
[\"statement\",\"obj
ect\"]}",

"Sor": [

{

"statement.object.id
"ispring://quizzes/dy
slexia_screening_too
|/groups/_38B60E9S
-DOEF-4DC3-8F48-
CE0181514488 "

b
{
{{

"statement.object.id
"ispring://quizzes/dy
slexia_screening_too
|/groups/_ED62E2D0
-0915-4BD2-8CBF-
A2A8E6FCB514_"

11}
]
}
]

e

= = =

e 2 -

| E =

: " - K

| | | | | I .- I

a
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