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Abstract—Existing tools aim to detect university studentswith early diagnosis of dyslexia or reading difficulties, but there are not developed

tools that let those students better understand some aspects of their difficulties. In this paper, a dashboard for visualizing and inspecting

early detected reading difficulties and their characteristics, called PADA (acronym for the Spanish namePanel deAnal�ıticas deAprendizaje

deDislexia enAdultos), is presented. PADA is a web-based tool designed to facilitate the creation of descriptive visualizations required for

a better understanding by students about their learner model. Through information visualization techniques, PADA shows students the

knowledge in their learnermodels in order to help them to increase their awareness and to support reflection and self-regulation about their

difficulties in reading. PADA provides different learning analytics on reading performance of students, so that they can self-identify their

strengths andweaknesses and self-regulate their learning. This paper describes examples that cover a variety of visualizations (bar-charts,

line-charts, and pie-charts) to show usermodel fragments as personal details, reading profiles, learning styles, and cognitive traits of the

students.We tested PADAwith 26 students (aged 21–53 years) of different academic programs and levels, dyslexic and non-dyslexic. The

results show that PADA can assist students in creating awareness, and help them to understand their difficulties associatedwith the reading

tasks, aswell as facilitate reflection and self-regulation in the learning process. Implications for the design of learning analytics are discussed

and directions for futurework are outlined.

Index Terms—Dyslexia, university students, reading difficulties, open learner modeling, learning analytics solutions

Ç

1 INTRODUCTION

DYSLEXIA is a common learning disability which may
persist into adulthood [1], [2]. University students

with this type of disability may experience difficulties dur-
ing their academic careers, since reading is the basis of
most, if not all, formal educational processes and has signifi-
cant importance in many learning domains. Although, dys-
lexia in the university context has not been studied in
depth, a number of research studies have borne out that, in
spite of having a learning disability, dyslexic students could
develop compensatory learning strategies to help them to
succeed in their studies [3], [4].

In Spain, university students are not questioned about
their learning disabilities when they start their academic
careers; therefore, the number of specific cases of students

with dyslexia is unknown. For this reason, our research
work began focused on detecting Spanish-speaking univer-
sity students who have a previous diagnosis of dyslexia or
are affected with some reading difficulties (i.e., dyslexia
symptoms). Then, we detect the learning style that these
students have acquired to deal with their difficulties, i.e.,
their learning preferences. Finally, it became necessary to
study the cognitive processes associated with reading that
can be altered in these students, with the aim of determin-
ing their cognitive deficits, and identifying whether or not
the student has dyslexia [5], [6].

Learning disabilities of students can be studied by defining
learner models based on demographics, characteristics, pref-
erences and cognitive traits associated with the learning dis-
ability of the student. Thus, understanding the types and
severity of dyslexia and reading difficulties can be achieved.
In previous studies, the definition of the learner model was
made and tools were developed to capture personal details of
the students, detect their reading difficulties, detect their
learning style, and assess their cognitive processes [5], [6], [7].

As current step in our research work, it is essential to sup-
port and assist these students in overcoming their difficulties
during their higher education and beyond. Studies on univer-
sity students with learning disabilities have revealed that (1)
awareness of their weaknesses, and then some of their
strengths, as well as (2) ability to make decisions and self-reg-
ulate their learning, are powerful predictors for their aca-
demic success [8], [9], [10]. Therefore, first of all, it is necessary
to create awareness in students of their reading difficulties,
learning styles and cognitive deficits. This awareness
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facilitates learning reflection by encouraging students tomake
decisions and self-regulate their learning. Second, it is neces-
sary to provide specialized feedback and advice to support
such self-regulation processes of the students.

Consequently, this study is directed towards the visuali-
zation and inspection of information from the learner model
to create awareness in the affected students. To do so, open-
ing the learner model to the students is proposed. Other
research studies taking this approach have shown that it is a
successful strategy to promote awareness-raising, which
leads to reflection on learning, and its facilitate self-regula-
tion, thereby the learning process is supported [11], [12].

In this sense, one of the emerging visualization techni-
ques and potential impact on enhanced learning are learn-
ing analytics [13], [14], [15]. Basically, these analytics are
graphical representations of aggregated data about stu-
dents, for purposes of understanding their activity and per-
formance in a fairly intuitive format, thus achieving the
optimization of learning.

According to aforementioned issues, in this paper we pres-
ent a Dashboard of Learning Analytics of Dyslexia in Adults
(namely PADA, acronym for the Spanish name Panel de Anal�ıti-
cas de Aprendizaje de Dislexia en Adultos). PADA is a web-based
tool designed to helpwith the understanding and inspecting of
the student model, promote awareness and facilitate reflection
on readingdifficulties. It has an architecture based on theActiv-
ity-based Learner-models framework proposed in [16] to have
a flexible and extendable dashboard to openmore fragments of
the learnermodel if they are later required.

Our research aims to collect answers regarding whether
studentswould find PADAuseful to detect their reading diffi-
culties and their implications for learning and cognition. An
important contribution of this paper presented in a case study,
examined the usefulness of PADA in terms of assisting
affected students to achieve understanding, inspection,
awareness, reflection and encourage self-regulation in their
learning process, particularly in the reading process.

This paper is structured as follows. In the second section,
we provide a short review of the work related to supporting
adult students with dyslexia, the importance of opening the
learner model to these students, and the approach to the
emerging area of learning analytics. The third section sum-
marizes the research proposal in terms of a review of the
related work. The fourth section describes the tools of previ-
ous research works used to collect data to feed the student
model. The fifth section describes PADA and its architec-
ture and presents how learning analytics were built. In the
sixth section, questions that aim to achieve research objec-
tives addressed by the case study are discussed, as well as
description of the setup of the case study conducted with 26
students. The sample consists of dyslexic and non-dyslexic
students and all of them reported to be affected with some
reading difficulties. Section seven presents the results and
findings of the case study. Finally, in the eighth section
some conclusions are drawn and discussed.

2 RELATED WORK

2.1 Support of Students with Dyslexia

Several studies have explored dyslexia in children: detect-
ing population of children with dyslexia, assessing their

cognitive processes to determine specific deficits and creat-
ing assistance programs to improve their learning efficiency
to read and write [17], [18], [19]. However, as we mentioned
before, research in learning disabilities has shown that the
dyslexia problem can persist into adulthood. Moreover,
dyslexia has not been deeply studied in university students.
Therefore, we rely on the methodological approaches used
with children to define the steps in this research work.
Thus, three phases are followed: 1) detection of affected stu-
dents, 2) assessment of cognitive processes and 3) applica-
tion of assistance programs. Related work focused on
university students independently in some of these phases
is presented below:

� Detection of affected students. There are two parallel
ways in which the detection could be made. One way
is the detection of reading difficulties, i.e., the individ-
ual weaknesses of the affected students. In this sense,
findings reported provided reasonable evidence in
support of the self-report questionnaire as a highly
predictive tool to detect or contact with students with
learning disabilities [20], [21]. We highlight the work
of [22] who designed a self-report questionnaire that
is hand-filled by students at the University of Malaga
(Spain), making it possible to detect students previ-
ously diagnosed with dyslexia or those with reading
difficulties among this population. The other way is
the detection of learning styles, i.e., the strengths (or
preferences) of these affected students. Although
there is little empirical evidence on the positive effects
that learning styles theory has on learning perfor-
mance [23], other researchers note that students with
dyslexia succeed when teaching is multi-sensory and
uses all channels [24], [25]. In this sense, as [24], [26]
remark it can be relevant detecting the learning style
of these students to identify the most effective learn-
ing strategies they could use to learn. Likewise, many
students with dyslexia have acknowledged that
awareness of their learning style has helped them to
understand the ways in which they learn, to under-
stand their strengths, even their weaknesses, and to
develop appropriate strategies [25], [27]. There are
manymodels to detect the learning style [24], [28], we
highlight the revised version of the Felder-Silverman
model [29] for a number of reasons: (1) it is aimed at
university students, particularly it has been tested
with dyslexic students [30], (2) it is easy to administer
and takes short time, (3) it is also easy to fill-in, which
helps to avoid biased responses, (4) it has tested in
electronic form, and (5) it has been validated, and
shown to produce reliable results.

� Assessment of cognitive processes. After the detection
phase it is necessary to assess the cognitive processes
that can be altered in those students and determining
whether or not they have dyslexia [31], [32]. There-
fore, several tools to identify dyslexia-related cogni-
tive deficits were analyzed and reported in previous
research work. The findings revealed that in the
Spanish language, appropriate tools are not found
for the assessment of these cognitive processes in
adult dyslexic population, but we highlight the work
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of [2] who conducted a research that consisted of the
adaptation of an English assessment instrument to
Spanish language of phonological and orthographic
processes.

� Application of assistance programs. Detection of read-
ing difficulties and learning styles, as well as identifi-
cation of cognitive deficits are necessary for
generating of appropriate assistance to help students
to overcome these shortcomings and support the
cognitive performance of them [2], [33]. Previous
work related with assistance in Spanish spoken uni-
versities and support for the treatment of these diffi-
culties and cognitive deficits in university students
has not been found.

Previous studies have shown that detection, assessment
and assistance supported by technologies tend to increase
affected students’ motivation and personalize their learning
process [33], [34], [35]. Technologies also help these students
progress in skills development and enhance their learning
performance [33], [36]. Additionally, the benefits of using
assistive technology (e.g., speech recognition systems,
screen readers, and talking spell checkers) are considered in
compensatory strategies for these affected students [37],
[38]. Finally, technology addresses a new challenge: to pro-
mote student reflection on their learning (skills, difficulties,
preferences, misconceptions, etc.) [39], [40], [41]. However,
this challenge has not been studied in students with dys-
lexia or reading difficulties [9], [42].

2.2 Open Learner Modeling

A learner model is responsible for storing the student infor-
mation. Basically, this model represents knowledge, inter-
ests, preferences, goals, background, and individual traits
of the students during their learning process, allowing for
personalization and adaptation towards their current needs
[43]. Traditionally the information in the learner model is
closed to the students. However, benefits of opening the
learner model to students to encourage awareness and
reflection have been argued [11], [12], [44], [45].

For this reason, an open learner model approach is pro-
posed, in which the learner model is accessible for viewing
by the students in an understandable format. Moreover,
considering the fact that university students with dyslexia
may not have received adequate assistance during their
learning process allowing them to know and deal with their
difficulties; looks like open learner modeling is an opportu-
nity to promote autonomy in these students so that they can
recognize their reading difficulties, learning styles and learn
about their cognitive processes for themselves. Conse-
quently, self-regulation is supported, so that students
affected will be able to identify the appropriate focus of
their efforts, to overcome their difficulties and meet their
learning needs [41], [44], [45], [46].

Basically, if a student views the learner model, information
is provided about his/her competencies for each topic
inquired previously. A review of the literature shows that an
open learnermodel allows access to the learnermodel content
in a variety of forms [12]. Themost common of which are skill
meters, textual descriptors and tables for each topic or concept
to be accessed [11], [46], tomore complex structured represen-
tations of understanding such as bayesian networks [47],

hierarchical trees and conceptmaps [48]. Others include simu-
lation [49] and Fuzzy Models [50]. Recent work has also used
treemaps to visualize the learnermodel [51].

Currently, an emerging area for the visualization of the
learner model have been explored: learning analytics [13],
[14], [15], [52]. Its primary goal is closely tied to a series of
other fields of study including business intelligence, web ana-
lytics, academic analytics, educational data mining, and
action analytics [53]. In recent years, however, there has been
particular concern among researchers with using learning
analytics to improve teaching and learning. Particularly
works in this area are based on the aggregation and analysis
of students’ data collections in their social contexts, for pur-
poses of understanding and optimizing learning, teaching,
and the environments in which it occurs. Learning analytics
seeks to select, capture, aggregate, report, predict, use, refine,
and share data during the learning processes for teachers and
students [53]. The aim of learning analytics is to provide use-
ful support for understanding and decision making during
learning and teaching. Thus, learning analytics focus on the
detection of key-activity and key-performance indicators
which can be based on statistical and data mining techniques,
so that for instance recommendations can be made for learn-
ing activities, resources, training, people, etc. that are likely to
be relevant. Alternatively, the data can be processed so that
they can be further extended to support other educational
roles in decision-making, as remarked in [14], [15], [54]. For
instance, in this study the data are extended to teachers and
experts (e.g., psychologist, pedagogical expert, or counselor)
to support teaching strategies and assistance for students
with dyslexia or reading difficulties.

Thus, open learner modeling and learning analytics are
two areas highly related to learner model visualization.
Open learner modeling is more centered on personalization
and learning contexts while learning analytics do more
emphasis on semantic aggregation, statistical analyses, and
results towards prediction and recommendation.

2.3 Approach for Learning Analytics Production

In order to open the learner model using learning analytics
solutions for understanding the performance and activity in
learning contexts and considering the fact such solutions
can be extended to teachers and experts, we look for a
framework to deliver this type of indicators from three dif-
ferent perspectives: students, teachers and experts.

Accordingly, in previous research done by some of the
authors [16] a technical framework was defined to build
Activity-based Learner-models in order to monitor activities of
students and deliver learning analytics solutions for differ-
ent perspectives on social planes. Thus, a perspective
defines the set of available learning analytics functions for a
role in the web-based software (e.g., student, teacher,
expert, etc.) whereas a social plane determines the moni-
tored and analyzed population related with an activity or
outcome (e.g., a single student, a classroom, a group, etc.).
For instance, an expert can request a particular learning ana-
lytic, such as the performance in a task, either for a single
student or for the whole classroom.

The Activity-based Learner-models are based on founda-
tions of different research areas. From the pedagogical
research, Engestr€om’s Activity Theory is used to model
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activity dimensions [55]. From the computer supported col-
laborative learning (CSCL), Dillenbourg and Jermann’s con-
cept of social planes allows us to model activities taking into
account social interactions [56]. From personalization and
context management, the actuator-indicator model gives a
framework to implements the software architecture by
dividing its construction in four well-defined functional
layers (i.e., sensor, semantic, control, and indicator) [57]. A
brief summary of the evolution of these three mentioned pil-
lars and the union of them is presented below.

� Engestr€om�s Activity Theory [55] is the pedagogical
base. This model describes the structural relations
between the components of an activity (1. instru-
ments, 2. a subject, 3. an object, 4. rules, 5. commu-
nity, and 6. division of labor) to leads an outcome.
The activity�s outcomes can trigger new activities and
each element can be related to individual activities.
Thus, complex process can be described recursively.
The three first components, called the action part,
are visible. The other components are constrains in
the context part. This model has been used widely to
identify potential improvements of work settings for
instance in [58], [59] among others. Recently in [60]
its potential for personalized clinical diagnosis sys-
tems has been explored.

� Engestr€om�s Activity Theory was introduced in educa-
tional technology by means of the concept of social
planes [56]. Thus, the original element “community” is
better expressed with the concept of “social planes”. It
found evidence for activating awareness and reflection
through visualization of information from different
social planes. The original Activity Theory had some
other adaptations in this new area of research. The ele-
ments “teacher” and “learner” replace the “subject”
and the “object” of the original model respectively. In
addition, the element “division of labor” is understood
in educational technology as “cooperative process”.
Finally, particular constraints of an educational soft-
ware system (such as a Learning Management System
or LMS) add extended relations between instruments,
procedural rules (such as instructional rules), and
cooperative process. Fig. 1 shows a parallel view of the
original Engestr€om Activity Theory and the extended
version for educational technology [55].

� The Actuator-Indicator Model allows implementation of
the extended Activity Theory in educational software.
For instance, in [16] the implementation of Activity-
based Learner-modelswas related to the LMSMoodle,
based on existing data in the Moodle log table and
using theMoodle log function for the sensor layer. The
Actuator-Indicator Model describes four technological
layers to proceed from monitoring and assessment to
suitable response to learners. The four layers are: 1)
the sensor layer to collect data; 2) the semantic layer to
aggregate the previous information with semantic
meaning; 3) the control layer to process aggregated
information using rules, data mining techniques or
statistical analysis and also to coordinate the result
delivery to display functions; and 4) the indicator layer
to display the results of previous analysis in the corre-
sponding interface.

All in all, with Activity-based Learner-models a wider
communal perspective on the learning process is avail-
able for learning analytics and visualization of the learner
model.

3 PROPOSAL SUMMARY

Our vision is that students with dyslexia or reading difficul-
ties can learn at their own pace, knowing their strengths and
weaknesses, and using their own strategies. To do so, the
effectiveness and quality of their learning experience should
be enhanced, by providing a better fit between the needs of
affected students at a particular time and the learning facilities
provided.However, the awareness of their reading difficulties
(weaknesses) and learning styles (strengths) as well as their
cognitive deficits should be encouraged in order to facilitate
the learning reflection and self-regulation of it. In this sense,
technologies have the potential to make a real difference for
those with special learning needs, so that all students can
make the most of their skills, irrespective of their disabilities.
Accordingly, we highlight the construction of learner models
in order to gather students’ information and hence delivering
of suitable personalized and adapted learning to their needs
in a learning context.

By opening this learnermodel we provide the student with
additional information (e.g., reading difficulties, learning
styles and cognitive deficits) about their learning process that
is not usually available to them, so that they may then decide
where they need or wish to improve their skills, and carry out
the corresponding learning activities autonomously to
achieve this improvement. In this sense, we propose the use
of learning analytics solutions to open the learnermodel.

Taking into account the foundations on Activity-based
Learner-models presented in [16], we think that this technical
framework is suitable for providing appropriate learning ana-
lytics to students with dyslexia or reading difficulties. There-
fore, this study raises new challenges to describe activity-
based learner-models for the effective application of learning
analytics in the support of the affected students. On one hand,
it is necessary to clarify how to implement this technical
framework in independent educational software such as
PADA (see Section 5). On the other hand, new roles need to be
supported as important subjects of educational activities for
assistance of dyslexia or reading difficulties; in this work the
role of psychological expert emerges and requires different

Fig. 1. Engestr€om’s Activity Theory and educational technology
extension.
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communal perspectives. It is important to note that this role is
not mentioned in the theories of learning orchestration.
Finally, this work requires moderation of two types: activity
centered and outcome centered. The prototypes of indicators
implemented in [16] were only activity centered. The first
type of moderation (activity centered) provides task support.
This support can take many forms such as outlines, recom-
mendations, storyboards, or key questions. It focuses on the
modeling of a task, giving advice or providing coaching. The
second type of moderation (outcome centered) is guiding by
feedback. This type of learning support tackles the problem
solving skills of students by providing them an external view
on their performance. Therefore, such learning support is
related to the assessment procedures that are defined for an
educative process.

Fig. 2 shows the Activity-based Learner-model technical
framework adapted from [16] to this work. This technical
framework was extended to Outcome-based Learner-
model. Thus, the monitoring and assessment can be either
activity centered (e.g., Activity-based Aggregators) or out-
come centered (e.g., Outcome-based Aggregators). There-
fore, learning analytics can be on activities and performance
of the students in terms of demographics, reading difficul-
ties, learning styles and cognitive processes. From these
learning analytics, the provision of recommendations by
psychological experts could be planned. In section 5, the
architecture of PADA is described and the challenges previ-
ously defined are answered.

4 STUDENT MODEL AND DATA COLLECTION

The learner model called in this research work student
model comprises four submodels: 1) the demographic submo-
del considers variables related to student personal informa-
tion such as their educational level, age and gender; 2) the
reading profile submodel stores information about their read-
ing difficulties as well as school life, personal and family
history of learning difficulties, associated difficulties, and
reading and writing habits; 3) the learning styles submodel is
used to include the students’ learning preferences; and 4)
the cognitive traits submodel describes characteristics of the
students that are gathered by evaluating the cognitive pro-
cesses involved in reading such as phonological awareness,

orthographic processing, lexical access, processing speed,
verbal working memory, and semantic processing.

Collecting data from the student model is performed sep-
arately by a set of four web-based tools (1. Demographic
data forms, 2. ADDA, 3. ADEA, and 4. BEDA) which are
independent of any educational software system. An over-
view of each one of these software tools is presented below.

� Demographic data forms. To capture the student’s per-
sonal details, web-based forms were developed.
These forms retrieve information on: age, gender,
academic level and program, origin country, and if
they use or not assistive technology, among other
details.

� Self-report questionnaire to detect dyslexia in adults
(ADDA, acronym for Spanish name Autocuestionario
de Detecci�on de Dyslexia en Adultos). Using ADDA the
student’s reading profile is captured. This tool was
designed and built using as references the instru-
ment proposed in [22]. Particularly, ADDA allows
to: detect students at the university that inform of
having dyslexia or reading difficulties, know the
most common difficulties presented by them, iden-
tify reading profiles, and to provide feedback. It is a
set of 100 questions to be answered by making a sim-
ple or multiple choices, by marking YES-NO or using
open-ended. The questions covered a wide range of
aspects organized into eight sections: history of
learning difficulties (6 items); school and learning to
read experience (13 items); history of family learning
difficulties (4 items); current specific learning diffi-
culties (32 items); associated difficulties (29 items);
affective issues (5 items); reading habits (8 items);
and writing habits (3 items). This questionnaire was
administered using a web-based software. Questions
were presented in text and audio format. Students
used the mouse or keyboard to choose answers.

� Self-report questionnaire to detect learning styles (ADEA,
acronym for Spanish name Autocuestionario de
Detecci�on del Estilo de Aprendizaje). Using ADEA the
student’s learning style is captured. This tool refers
to the Spanish translation of the Felder-Silverman’s
Index of Learning Styles (ILS) [29]. The ILS was
selected after reviewing numerous models in elec-
tronic and/or paper form. In particular, this model
combines several learning style models in its four
dimensions (i.e., processing, perception, input, and
understanding), giving a more detailed description
of the students. Additionally, it includes learning
strategies, motivation for learning and preferences
for organizing information. It is a set of 44 ques-
tions which allow inquiring the strategies that a
student employs or prefers to select, process and
work with information. As mentioned above, it
classifies different kinds of learning styles along
four dimensions: processing (active or reflective),
perception (sensitive or intuitive), input (visual or
verbal), and (sequential or global). This question-
naire also was administered using a web-based
software. Questions were presented in text and
audio format.

Fig. 2. The Activity-based Learner-models technical framework adapted
to PADA.
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� Assessment battery of dyslexia in adults (BEDA, acro-
nym for Spanish name Bater�ıa de Evaluaci�on de Dis-
lexia en Adultos). To capture the student’s cognitive
traits, we use BEDA. This tool is a novel computer-
ized assessment battery for dyslexia and it focus on
assessing cognitive processes associated with read-
ing in Spanish. BEDA is web-based software and it is
composed of 15 tasks that can be completed by stu-
dents, 16-years old and older. The BEDA tasks detect
and verify if a student has or not dyslexia and iden-
tify the associated cognitive processes that may be
affected. BEDA consists of eight modules: six for the
assessment of each cognitive process involved (i.e.,
1. phonological processing, 2. orthographic process-
ing, 3. lexical access, 4. processing speed, 5. verbal
working memory, and 6. semantic processing), one
for the analysis of results, and one for administration
purposes. Thus, BEDA has various interfaces: the
main menu, the pedagogical agent who provides the
instructions, and an assessment task to assess phono-
logical processing. A task in BEDA is composed of
different items (or exercises) that students must per-
form. Additionally, every task has an instruction and
some example items.

5 PADA: DASBOARD OF LEARNING ANALYTICS

OF DYSLEXIA AND/OR READING DIFFICULTIES

IN ADULTS

Once the data detection and assessment of students is
saved, learning analytics of the data collected can be pro-
duced. In this paper PADA tool is proposed to produce
such learning analytics. PADA is a dashboard for visualiz-
ing and inspecting fragments of information from the
learner model related to reading difficulties for university
students. It generates visualizations for each of the forms,
questionnaires and cognitive assessment tasks presented
above. These visualizations seek to create awareness among
students about their reading difficulties, learning style, and
cognitive deficits in order to facilitate reflection and encour-
age self-regulated of their learning, especially where read-
ing is involved.

5.1 Architecture & Implementation

PADA’s architecture, as aforementioned, is based on the
Activity-based Learner-models technical framework so as to
have a flexible and extendable dashboard which let to open
more fragments of learner model if they are later required.
Basically, the PADA components are: 1) the databases, which
implement the sensor layer to collect data from the students
and their activity and performance through forms (i.e., demo-
graphics), ADDA (i.e., reading profile), ADEA (i.e., learning
styles) and BEDA (i.e., cognitive traits), 2) the aggregators,
which implement the semantic layer to transform the data
from the database according to the social plane (i.e., student,
peers or class) and the social perspective (i.e., student, teacher
or expert) required, 3) the data mining, which implement the
control layer to process the aggregators using different rules
and statistical analysis, 4) the learning analytics, which imple-
ment the indicator layer to display in the corresponding inter-
face the visualizations (i.e., Overview, Reading Difficulties,

Learning Styles, and Cognitive Processes), and 5) a web server
that stores the implemented layers and allows communica-
tion between users and PADAbymeans of a browser.

Three challenges were raised in Section 3 related with the
particular implementation of Activity-based Learner-models
in PADA: (a) how to implement this technical framework in
an independent educational software such as PADA?; (b)
how can it include a new role of psychological expert?; and
(c) how can be added an outcome-centeredmoderation?

To answer these challenges, Fig. 3 summaries technology
details to implement the four layers for PADA (answer to
the first challenge). There are also details of aggregators’ ele-
ments (to answer the second and the third challenge). The
sensor layer uses PostgreSQL databases to save assessment
results and monitor logs. The semantic layer is entirely
implemented with PHP. In this layer a set of classes and
functions are used to define aggregators. An aggregator
function receives at least two parameters: a) the social plane,
and b) the perspective. Inside the aggregator function a SQL
query is built and launched. This query changes depending
on the value of parameters received. Thus, the same aggre-
gator returns different semantic data.

In PADA there are two kinds of aggregators. The out-
come-based aggregators collect data of detection and assess-
ment results from the database. The activity-based
aggregators collect data from monitor logs from the data-
base. The control layer holds several Javascripts based on the
jQuery Javascript library. Scripts request particular aggrega-
tors. The request is an AJAX call to the server. Then intelli-
gent procedures (data mining algorithms) transform the
information to send it to the indicator layer. A final process-
ing is made in the indicator layer to produce adequate plots.
These plots use HTML5 elements such as the <canvas> ele-
ment. A particular library is used also, the jpPlot library. The
final aspects of the interface are arranged using CSS. In par-
ticular, de jqPlot librarywas selected after testing it and other
five libraries. The jqPlot library has functions to plot a wide
range of charts, the aspect of plots is nice and adaptable, and
finally the time of response is adequate.

To sum up the results of this architecture and their
implementation are visualizations for different social planes
(student, peers, and class) and social perspectives (student,

Fig. 3. Architecture and technology behind PADA.
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teacher, and expert); although in this paper we only con-
sider the student’s perspective in the case study reported.
Therefore, in this student’s perspective, the visualizations
that are shown are mostly for the student’s social plane,
although some of them include views of the peers and class
planes in order to provide comparisons and generate reflec-
tion among students taking reference points. The social
plane student shows visualizations of a single student (i.e.,
the student logged in PADA), the social plane peers shows
visualizations of the entire class minus the student logged
in PADA, and the social plane class shows visualizations of
the entire class.

5.2 Interfaces

The PADA interface was divided into four tabs depending
on the learner submodel: 1. demographics, 2. reading pro-
file, 3. learning styles or 4. cognitive traits. These tabs allow
students to explore different visual representations of their
activity and performance and provide feedback to support
them to recognize strengths and weakness in their reading
competences. These tabs also provide some parallel views
of an individual students, her peers, and all as a class, in
order to identify the severity of their difficulties according
to the results of other matched by age and academic level.
The analyses are made according to statistical analysis tak-
ing into account the criteria set for the construction of each
of the data collection tools.

� Overview refers to personal details of the participant
students (i.e., age, gender, academic program, etc.).
The tab visualizes (1) the number of participant stu-
dents, (2) the details of the student in session, (3) the
time spent to complete the data collection tools, (4)

the age distributions, and (5) the number of student
per academic program.

� Reading difficulties (see Fig. 4a) refers to reading pro-
file of the participant students. The tab visualizes (1)
the previous diagnosis of learning disabilities, (2) the
number of learning difficulties in reading, writing
and math reported by the students, (3) the number
of associated difficulties with reading (i.e., language,
memory, motivation, perception, attention, and spa-
tial-temporal) reported by the students, and (4) the
reading and writing habits reported by the students.
Fig. 4b shows results of the reading (left) and writing
(right) habits by the single student while Fig. 4c
shows feedback provided to the student. Fig. 5a dis-
plays results of the difficulties in reading, writing
and math by the single student, peers and class while
Fig. 5b shows a summary by the single student.
Fig. 5c reports a summary of results of the associated
difficulties with reading by the single student.

� Learning styles (see Fig. 6a) refers to ways in which
participant students prefer to learn. The tab visual-
izes the major preferences of these students. Fig. 6b
shows result for a single student with learning style:
active, sensory, visual and sequential. Fig. 6c dis-
plays feedback provided to the student.

� Cognitive processes (see Fig. 7) refer to processes associ-
atedwith reading thatwere assessed. The tab visualizes
(a) the results for each assessment task, (b) the percen-
tages of successes/errors for each assessment task, (c)
the result for cognitive process, and (d) the percentages
of success/errors for each cognitive process. Fig. 7a
shows results of the difficulties in the assessment task
of phonological processing. Fig. 7b illustrates results of
successes/errors for the assessment task “Segmentation
into Syllables”. Fig. 7c reports results for the cognitive
processes by single student.

6 CASE STUDY

Our concern is whether students would find PADA useful to
detect their reading difficulties and their implications for
learning and cognition. More specifically, our study was
based on answering the following questions: (a) Could

Fig. 4. PADA interface: Tab of reading difficulties analytics.

Fig. 5. PADA interface: Analytics with summaries of reading and associ-
ated difficulties.

Fig. 6. PADA interface: Tab of learning style analytics.
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students view their student model?; (b) Could students
understand that model?; (c) Did students agree with the visu-
alizations presented in that model?; (d) Were students aware
on their difficulties, learning styles and cognitive deficits?; (e)
Could PADA support students to perform self-regulated
learning?; and (f)Were learning analytics useful for students?.

6.1 Method

6.1.1 Participant

Participants were 26 students (11 male and 15 female), with
ages ranging from 21 to 53 years (M ¼ 27:538, SD ¼ 6:848)
and coming from 15 classrooms of different programs (includ-
ing, pedagogy, psychology, law, social work, business
administration, economics, and engineering) and levels,
(undergraduate and graduate) at the University of Girona
with basic skills for understanding statistical graphs and
tables. Eight participants had a previous diagnosis of dyslexia,
i.e., they had been formally diagnosed with dyslexia during
their primary or secondary schooling, through an official psy-
choassessment procedure. All others students were affected
with some reading difficulties whichmay be related to symp-
toms of dyslexia. Participants were recruited by the coordina-
tors of the faculties and/or schools through e-mail and
website announcements.However,most dyslexic participants
were recruited in collaboration with the Program to Support
People with Disabilities of the University of Girona. Participants
took part in an individual session that lasted an average of 60
minutes. Seven of them needed an average of two sessions to
complete the tests without feeling tired.

6.1.2 Instruments

In previous research work done by authors in [61], a pilot
study was conducted with some tools including PADA, in a
computer lab using a Windows desktop computer equipped
with a screen, a keyboard, amouse, headphones, microphone,
and Internet connection. In this work the case study was con-
ducted in a different computer lab using the software and
hardware tools. Other software requirements were installing
Java and an appropriate version of the Firefoxweb browser.

To carry out the case study all the web-based tools pre-
sented in Section 4 were required: (a) forms, (b)ADDA, (c)
ADEA, and (d) BEDA. After all data were collected, PADA
tool was enabled and became operational for participants. To
gather participants’ feedback about whether PADA could
assist them in understanding their student models and could

be useful to identify reading difficulties, learning styles and
cognitive deficits, we provided themwith an online survey.

As shown in Table 1, the survey consisted of 37 statements
as follows. One question to inquire whether participants have
previous diagnosis of dyslexia (‘yes’ or ‘no’). Eight 5-point Lik-
ert scale questions to inquire about navigation, and under-
standing of the visualizations were presented in each tab of
PADA (‘1 ¼ never’ to ‘5 ¼ always’). Nine 5-point Likert scale
questions inquired about the agreement or disagreement with
the contents of the student model in term of reading difficul-
ties, learning style and cognitive deficits detected (‘1 ¼
strongly disagree’ to ‘5 ¼ strongly agree’). Seven 5-point Likert
questions inquired about the awareness and self-regulation
that can support PADA (‘1 ¼ never’ to ‘5 ¼ always’). There
were three open-end questions to clarify the moments
reported by students regarding awareness of difficulties,
learning styles and cognitive deficits. Four open-end ques-
tions accompanied each of the awareness questions to inquire
about more visualizations which could improve the experi-
ence with PADA. Four 5-point Likert questions inquired
about PADA’s big-picture usefulness (‘1 ¼ never’ to ‘5 ¼
always’). One rank order scale question to inquire about the
opinion on the type of recommendations that the participants
would prefer to receive. Finally, one open-ended question
gave the opportunity for additional comments.

6.1.3 Procedure

Prior to the case study, PADAwas studied to evaluate the per-
formance and usability in a pilot study with some students
from the University of Girona. Once PADA was improved
based on the findings of the pilot study, it was given to the
participants. The present study focused on the use of PADA
for visualizing and inspecting student models. Participants
were given an explanation of the web-based tools so as they
could familiarize themselves with them, before commencing
their sessions. Once the participants started a session, first,
they could register their personal details information. Then,
they were asked to enter ADDA and fill in the self-report
questionnaire in order to detect reading difficulties. After-
wards, they were asked to access ADEA to fill in the self-
report questionnaire for detecting their learning styles. Subse-
quently, they completed all tasks of BEDA which evaluates
their cognitive processes associated with reading. They were
then asked to enter PADA and navigate the entire tool.
Finally, when participants had browsed through PADA, the
teacher gave them access to the online survey.

During the process, participants were accompanied by
one teacher with experience in using all of the tools. To com-
plete this survey, they were left alone in order to not bias the
responses. Approximately, this survey takes 10 to 20
minutes to complete.

6.2 Results

This study allows evaluating students’ opinions of the sup-
port for activity and performance analytics (i.e., visualiza-
tions) provided by PADA. These results presume to give a
possible answer to the research questions.

From the navigation category, the results indicated that all
26 participants navigated through the different tabs and vis-
ualizations presented in the graphical user interface of

Fig. 7. PADA interface: Tab of cognitive processes analytics.
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PADA. In terms of understanding, 84.6 percent of the partici-
pants always (53.8 percent) and almost always (30.8 per-
cent) understood the meaning of the visualizations shown
in the tab of overview (question B.1.). 96.1 percent of the
participants always (53.8 percent) or almost always (42.3
percent) understood the visualizations in tab of reading dif-
ficulties (question B.2.). 80.8 percent of the participants
always understood the visualizations in tab of learning
styles (question B.3.), while the remaining 19.2 percent of
them almost always understood. Regarding the tab of cog-
nitive processes (question B.4.), 69.3 percent of participants
always (30.8 percent) and almost always (38.5 percent)
understood the visualizations presented, while 30.8 percent
sometimes and 3.8 percent almost never understood them.
A multivariate analysis of variance with the independent
variable of dyslexia (dyslexic or non-dyslexic) and the four
dependent variables of understanding visualizations (over-
view, reading difficulties, learning styles, cognitive pro-
cesses) was statistically significant (Roy’s largest root ¼
1.01, Fð4; 21Þ ¼ 5:31, p ¼ 0:004). However, a multivariate
analysis of variance with the independent variable of gen-
der (female or male) and the four dependent variables of
understanding visualizations was not significant (Roy’s
largest root ¼ 0.33, Fð4; 21Þ ¼ 1:71, p ¼ 0:18).

With regard to the remaining categories (i.e., inspection,
awareness, self-regulation, and usefulness), we present the
results considering separated groups of participants in stu-
dents with and without diagnosis of dyslexia (i.e., dyslexic
and non-dyslexic, respectively). This is because participants
with previous diagnosis of dyslexia may be familiar with
similar tools, since they could have received training, they
could have a clear picture of their difficulties, and/or they
could have adopted effective compensatory strategies to
overcome their difficulties, which could provide us different
perspectives on the visualizations of PADA.

In the inspection category, participants indicated being
agreed or disagreed with the visualizations of the student
model. As shown in Table 2, 92.4 percent of the participants
strongly agreed (46.2 percent) or agreed (46.2 percent) with
the reading difficulties detected (question C.1.). 84.6 percent
of the participants strongly agreed (42.3 percent) or agreed
(42.3 percent) with the visualizations for associated difficul-
ties with reading (question C.2.) and reading practices
(questions C.3.), while 11.5 percent were indifferent to these
visualizations. 76.9 percent of the participants strongly
agreed (32.3 percent) or agree (34.6 percent) with their writ-
ing practices (question C.4.), 15.4 percent were indifferent
and 7.7 percent were disagreeing with them. Regarding the
visualizations of learning style (question C.5.), all partici-
pants strongly agreed or agreed with them. With regard to
the visualizations of cognitive processes (questions C.6. to
C.9), we found that participants strongly agreed or agreed
with 80-92 percent of the analytics presented. The dyslexic
participants not revealed significant differences in questions
C.1. to C.7. compared to their non-dyslexic peers. However,
in questions C.8. and C.9. some differences were showed.
Multivariate analyses of variance of the nine dependent var-
iables of inspection (reading difficulties, associated difficul-
ties, reading habits, writing habits, learning style, cognitive
assessment task, cognitive process, results, and cognitive
deficits) was insignificant for both the independent variable

TABLE 1
Overview of Case Study Survey

Descriptive information

DES.1. Have you been diagnosed with dyslexia?

Navigation

A.1. to

A.4.

Did you check graphical and textual visualizations in. . .

Table 1?, Table 2?, Table 3, Table 4?

Understanding

B.1. to

B.4.

Was it easy for you to understand themeaning of the

visualizations displayed on. . . Table 1?, Table 2?, Table 3?, Table 4?

Inspection

C.1. Do you agree with the visualizations about your particular

reading difficulties?

C.2. Do you agree with the visualizations about your associated

difficulties (i.e., languages, memory, etc.)?

C.3. Do you agree with the visualizations about your reading habits?

C.4. Do you agree with the visualizations about your writing habits?

C.5. Do you agree with the visualizations about your learning style?

C.6. Do you agree with the visualizations about your successes/

errors in each cognitive assessment task?

C.7. Do you agree with the visualizations about your successes/

errors in each cognitive process?

C.8. Do you agree with the visualizations about your results in the

cognitive assessment tasks?

C.9. Do you agreewith the visualizations about your cognitive deficits?

Awareness

D.1. Was it possible for you to be aware about your reading difficulties?

D.1.� The former was possible by means of. . .

D.2. Was it possible for you to be aware about your learning style?

D.2.� The former was possible by means of. . .

D.3. Was it possible for you to be aware about your cognitive deficits?

D.3.� The former was possible by means of. . .

D.4. Was it helpful for your awareness process to view your learning

analytics versus the performance of others (i.e., “peers” and

“class”?

D.5. Did you learn more about your difficulties than you knew

previously?

D.6. to

D.9.

What other visualizations do you think could improve your

experience in. . . Table 1?, Table 2?,Table 3?, Table 4?

Self-regulation

E.1. Do you think that PADA can help you in reflecting and making

decisions to self-regulate your learning process?

Usefulness

F.1. Was it useful for you to check the visualizations in multiple

views (i.e., graphical and textual)?

F.2. Did the presented learning analytics provide feedback on your

reading performance?

F.3. Do you think PADA helps to recognize strengths and

weaknesses in your reading process you could use to

improve your academic performance?

F.4. Did you find all the visualizations you expected?

Recommendations

REC.1. Finally, if you could have a recommender system in PADA,

what kind of recommender do you prefer? ‘1 - advices

recommended by dyslexia-affected peers’, ‘2 - activities/tasks

recommended by expert’, ‘3 - exercises, games, and other

resources recommended by experts’.

Comments

COM.1. Please, if you have more comments about your experience with

PADA . . .

Note. Table 1 ¼ tab of overview; Table 2 ¼ Tab of reading difficulties; Table 3
¼ Tab of learning styles; Table 4 ¼ tab of cognitive processes.
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of dyslexia (Roy’s largest root ¼ 1.03, Fð9; 15Þ ¼ 1:71,
p ¼ 0:17) and gender (Roy’s largest root ¼ 0.76, Fð9; 15Þ ¼
1:27, p ¼ 0:32).

Table 3 shows the findings in the awareness category that
participants could achieve by interacting with PADA.
Although most participants always (42.3 percent) or almost
always (26.9 percent) indicated that they were able to be
aware of their reading difficulties (question D.1.), it is worth
noting that 28 percent of them indicated that sometimes
(19.2 percent), almost never (7.7 percent) or never (3.8 per-
cent) achieved such awareness. Regarding the visualiza-
tions of learning style (question D.2.), we found that almost
all participants achieved the awareness. For visualizations
of cognitive processes (question D.3.), 77 percent of the par-
ticipants indicated they achieved be aware of their cognitive
deficits, while 23 percent indicated that they did it only
sometimes (3.8 percent), almost never (11.5 percent) or
never (7.7 percent). Comparing non-dyslexic and dyslexic,
we did not find significant differences for these two groups
in the aforementioned questions (D.1. to D.3.). However,
analyzing questions about peer or group comparison (ques-
tion D.5.) and increased knowledge of difficulties (question
D.5.) revealed some differences. In question D.4. (non-dys-
lexic M ¼ 4.11, SD ¼ 1:231; dyslexicM ¼ 3:88, SD ¼ 0:835)
and question D.5. (non-dyslexic M ¼ 4:22, SD ¼ 0:808;
dyslexicM ¼ 3:50, SD ¼ 0:926).

A multivariate analysis of variance with the independent
variable of dyslexia (dyslexic or non-dyslexic) and the five
dependent variables of awareness (reading difficulties, learn-
ing styles, cognitive deficits, peer or group comparison, and
increased knowledge) did not yield statistically significant
results (Roy’s largest root ¼ 0.40, Fð5; 19Þ ¼ 1:52, p ¼ 0:23).
Similarly, a multivariate analysis of variance with the inde-
pendent variable of gender (female or male) and the five

dependent variables of awareness was also not significant
(Roy’s largest root ¼ 0.10, Fð5; 19Þ ¼ 0:39, p ¼ 0:84). Ques-
tions D.6. to D.9. collected several opinions given by partici-
pants for improving their experiencewith each tab of PADA.

The self-regulation evaluation that can support PADAwas
represented in the E.1. question. We found that 61.5 percent
of the participants always (11.5 percent) or almost always
(50 percent) took conscientious that PADA could encourage
self-regulation in the learning process, 30.8 percent indi-
cated that only sometimes could it, while 7.6 percent indi-
cated that almost never or never could it. A univariate
analysis of variance with the independent variable of dys-
lexia and the dependent variable of self-regulation was not
significant (F ð1; 23Þ ¼ 0:03, p ¼ 0:85) and neither were
there any significant differences with respect to gender (F
ð1; 23Þ ¼ 0:14, p ¼ 0:71)

In relation to the usefulness of PADA (see Table 4), partici-
pants reacted positively to the idea of multiple views (ques-
tion F.1.), with 88.5 percent always and 11.5 percent almost
always useful as response. Also, they were positive about
how easily they could recognize the strengths and weak-
nesses of their reading process using PADA (question F.2.),
with 23.1 percent always, 50 percent almost always and 23.1
percent sometimes useful as response. But, they were not so
positive about the use of PADA to improve their academic
performance (question F.3.), since 23.1 percent of partici-
pants almost never found it useful. However, participants
indicated that PADA showed the visualizations that they
expected to find (question F.4.). Comparing the responses of
dyslexic and non-dyslexic participants, we only found a sig-
nificant difference in question F.4. (non-dyslexic M ¼ 4:22,
SD ¼ 0:548; dyslexic M ¼ 3:50, SD ¼ 0:535). A multivari-
ate analysis of variance with the independent variable of

TABLE 2
Results of Inspection Category

Question Responses (n ¼ 26) Non-dyslexic
(n ¼ 18)

Dyslexic
(n ¼ 8)

Strongly disagree Disagree Indifferent Agree StronglyAgree M SD M SD

C.1. 0 2 (7.7%) 0 12 (46.2%) 12 (46.2%) 4.44 0.784 4.00 0.926
C.2. 0 1 (3.8%) 3 (11.5%) 11 (42.3%) 11 (42.3%) 4.28 0.752 4.13 0.991
C.3. 0 0 3 (11.5%) 14 (53.8%) 9 (34.6%) 4.22 0.732 4.25 0.463
C.4. 0 2 (7.7%) 4 (15.4%) 11 (42.3%) 9 (34.6%) 3.94 1.056 4.25 0.463
C.5. 0 0 0 9 (34.6%) 17 (65.4%) 4.78 0.428 4.38 0.518
C.6. 0 1 (3.8%) 3 (11.5%) 16 (61.5%) 6 (23.1%) 4.11 0.832 3.88 0.354
C.7. 0 2 (7.7%) 3 (11.5%) 13 (50%) 8 (30.8%) 4.11 1.023 3.88 0.354
C.8. 0 2 (7.7%) 3 (11.5%) 14 (53.8%) 7 (26.9%) 4.17 0.857 3.63 0.744
C.9. 1 (3.8%) 1 (3.8%) 0 17 (65.4%) 7 (26.9%) 4.28 0.752 3.63 1.061

TABLE 3
Results of Awareness Categories

Question Responses (n ¼ 26) Non-dyslexic
(n ¼ 18)

Dyslexic
(n ¼ 8)

Never Almost never Sometimes Almost always Always M SD M SD

D.1. 1 (3.8%) 2 (7.7%) 5 (19.2%) 7 (26.9%) 11 (42.3%) 4.00 1.237 3.88 0.991
D.2. 0 0 2 (7.7%) 5 (19.2%) 19 (73.1%) 4.72 0.575 4.50 0.756
D.3. 2 (7.7%) 3 (11.5%) 1 (3.8%) 12 (46.2%) 8 (30.8%) 3.78 1.263 3.88 1.246
D.4. 0 3 (11.5%) 6 (23.1%) 4 (15.4%) 13 (50%) 4.11 1.231 3.88 0.835
D.5. 0 2 (7.7%) 4 (15.4%) 12 (46.2%) 8 (30.8%) 4.22 0.808 3.50 0.926
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dyslexia (dyslexic or non-dyslexic) and the four dependent
variables of usefulness (multiple views, reading perfor-
mance feedback, reading process evaluation, and expected
visualizations) was statistically significant (Roy’s largest
root ¼ 0.58, Fð4; 20Þ ¼ 2:87, p ¼ 0:05). However, a multi-
variate analysis of variance with the independent variable
of gender (female or male) and the four dependent variables
of usefulness was not significant (Roy’s largest root ¼ 0.17,
Fð4; 20Þ ¼ 0:83, p ¼ 0:52).

Concerning the rank order question, participants orga-
nized three options of recommender systems from most to
least important to them. Option R2 is the most preferred by
participants (15 of 26; 57.7 percent). Option R3 is the second,
which was selected by 7 participants (26.9 percent). While
option R1 is the less preferred, since only 4 participants
(15.4 percent) reported they preferred this option.

Finally, some additional comments made by participants
suggest their interest in PADA and willingness to contribute
to its improvement:

� “It is a very useful tool—it helped me to reflect on
the difficulties I have; it was good to learn about my
learning style to reinforce my strategies for studying.
I think the cognitive processes analytics are fine, but
I missed more feedback on them.”

� “It is very gratifying to see the results both textual
and visual, since the reports I used to receive they
are all textual and also hard to understand.”

� “It would be interesting to have available a tutorial
explaining the issues addressed by PADA which
includes: symptoms, causes and solutions, cognitive
processes, and so on.”

� “I would appreciate to see some recommendations
for dealing with my difficulties and strengthening
my abilities.”

� “I never had the opportunity to know such informa-
tion, and I think that can be very helpful to improve
my studying habits. I also believe that this informa-
tion can be very useful for our teachers.”

� “I think PADA may show more information. I spent
almost 2 hours completing questionnaires and doing
exercises. I would like to seemore details ofwhat I did.”

7 DISCUSSION

There is abundant evidence that dyslexia does not disap-
pear with age or training [62], [63]. On the contrary, despite
their effort, when compared to their peers, affected students
still show significant difficulties in reading tasks [64], [65],
[66], [67]. Despite their difficulties, many dyslexic students
could develop compensatory strategies to help them

succeed in their studies [3], [4], [68], [69] and get into uni-
versity, although they still underperform in reading-related
tasks [62], [70]. For example, according to the Dyslexia
Association of Jaen between 6 percent and 8 percent of the
university students are dyslexics.

Surprisingly, not all students whose performance is
affected by dyslexia are diagnosed and/or assisted before
starting their studies at university; therefore, there are
many students with symptoms or reading difficulties who
have not been diagnosed with an official psychoassessment
procedure. Consequently, a considerable number of stu-
dents enter university without having reading skills
expected, and would require support to cope with high
reading demands.

Thus, higher educational institutions are in clear need of
specific resources to detect students with or without a previ-
ous diagnosis of dyslexia that still show reading difficulties,
and to provide assistance to them. In this sense, PADA and
its complementary services for data collection could be a
suitable tool to achieve these two goals. According to [22],
[71], appropriate tools in Spanish cannot be found to assist
these difficulties in adult dyslexics.

The main focus of this study was assessing the usefulness
of PADA in term of assisting university students with dys-
lexia or reading difficulties to achieve awareness, so that,
reflection and self-regulation could be facilitated during
their learning process. Findings of previous studies of [8],
[9], [10], [42] revealed that awareness is a powerful predic-
tor for their academic success. In this regard, a survey was
created which explores PADA’s aspects such as navigation,
understanding, and inspection capabilities. In particular,
the survey investigated awareness, as well as, support for
reflection and self-regulation which PADA sought to pro-
vide. Finally, overall usefulness of PADA was assessed.

According to the navigation results, the PADA tool is
found to be well implemented. Students reported viewing
their entire student model by browsing through all the tabs
of PADA and checking different graphical and textual visu-
alizations. They also commented that PADA adequately
respond to their navigation pace, it was friendly and intui-
tive, and it graphical user interface was suitable.

On the other hand, although students reported that it
was easy to understand the different visualizations dis-
played, they also commented that it took them quite some
time, mainly those related to cognitive processes. We
believe this could be due to two factors: (a) there are many
visualizations in this tab which makes students take longer
to understand, and (b) the cognitive process concept is new
for students which makes it difficult for quick comprehen-
sion. Furthermore, multivariate analysis showed significant

TABLE 4
Results of Usefulness Categories

Question Responses (n ¼ 26) Non-dyslexic
(n ¼ 18)

Dyslexic
(n ¼ 8)

Never Almost never Sometimes Almost always Always M SD M SD

F.1. 0 0 0 3 (11.5%) 23 (88.5%) 4.94 0.236 4.75 0.463
F.2. 1 (3.8%) 0 6 (23.1%) 13 (50%) 6 (23.1%) 3.94 1.056 3.75 0.463
F.3. 0 6 (23.1%) 5 (19.2%) 8 (30.8%) 7 (26.9%) 3.72 1.274 3.38 0.744
F.4. 0 0 5 (19.2%) 16 (61.5%) 5 (19.2%) 4.22 0.548 3.50 0.535
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differences between dyslexic and non-dyslexic students.
Surprisingly, dyslexic students found it a little more diffi-
cult to understand the meaning of the cognitive processes
visualizations. It was expected that these students with pre-
vious diagnosis were more familiar with this concept. At
this point, it is worth noting that dyslexia definitions and
diagnostic criteria have changed since these students were
first identified during childhood.

Regarding the inspection, overall, students were rather
agreeing with the visualizations presented. This could indi-
cate that PADA is reliable, though this claimmay require fur-
ther analysis of the system’s confidence as presented by [48].
However, it is worth noting that a slightly significant per-
centage of students were “indifferent” and “disagreed” with
the visualizations of reading and writing habits. We are
assuming that students who were “indifferent” might not
have understood the visualizations presented, while stu-
dents “agreed” or “disagreed” had understood the visualiza-
tions. Accordingly, it was expected that the inspection of the
student model would lead to awareness and subsequent
reflection and self-regulation. On the other hand, multivari-
ate analyses were insignificant between dyslexic and non-
dyslexic, but analysis showed slight differences in visualiza-
tion of cognitive processes. Some dyslexic students expected
greater cognitive deficits than those presented in PADA.

In relation to awareness, although most students reported
having reached awareness, a slight percentage reported not
having succeeded with a few visualizations of reading diffi-
culties and cognitive processes. On the one hand, we
assumed that the positive perceptions ofmost of the students
are due to the novelty of incorporating the cognitive pro-
cesses concept across students’ learning process. On the
other hand, it was observed that both dyslexic and non-dys-
lexic students require more feedback on the visualizations
presented to increase their awareness. To understand better
why the slight percentage of students did not increased their
awareness, we highlight some of their comments: “I need
more feedback to understand the difficulties presented and be aware
of them”, “I’ve had dyslexia for years. So, I know what my reading
difficulties are. Then, I didn’t have an increased awareness”, “I
enjoyed the visualizations presented, but it’s not clear the meaning
of each cognitive processes”, “I do not quite understand the percen-
tages that it shows to me”. In addition, from the comments it
was identified that some dyslexic students did not increase
their awareness because they already knew their particular
difficulties since childhood. This would indicate that the vis-
ualizations of reading difficulties increase more awareness
among non-dyslexic students. This was also supported by
peer or group comparisons which are presented in these vis-
ualizations, as well as the acceptance of these students to
increase knowledge of their difficulties.

Similarly, the results on self-regulation showed that
PADA can provide successful mechanisms to encourage
student independence in overcoming their difficulties dur-
ing the learning process.

Although the results of usefulness category were generally
positive, i.e., students were satisfied about multiple views,
reading performance feedback, and expected visualizations,
these results were not so positive in recognizing the strengths
and weaknesses in reading. Again, it confirmed the need to
include more feedback on the visualizations presented.

Furthermore, multivariate analysis showed significant differ-
ences between dyslexic and non-dyslexic students, particu-
larly because dyslexic students expected more visualizations
of their model. Emerging research findings indicate relation-
ships between emotional, notational, and social aspects of
learning analytics. These aspects could be considered in the
usefulness evaluation of PADA’s visualizations. For example,
studies of [72] show that the traffic lights representations fol-
lowed by smile notations have high emotional activation in
students, because of their general socio-cultural availability
and quick comprehension. In [73], the notations and social
aspects also are studied in order to increase the interest of the
students in their learner models. Further, in [74], authors note
that release of model fragments to peers could help to find
suitable collaborators peers with common difficulties. Addi-
tionally, facilitating collaboration between partners can
improve understanding of themselves and each other by gain-
ing information from their respective learnermodel. Here, it is
worth noting that visualizations could play a role in guiding
collaborative learning by amplifying certain kind of social
interactions [75], [76].

Regarding students’ gender, there were no significant dif-
ferences between female and male students in any of the
aspects evaluated (i.e., navigation, understanding, inspection,
awareness, self-regulation, and usefulness). This is a topic of
interest since previous studies have often reported a higher
rate of difficulties for males than females [77], [78], as well as
differences in the particular difficulties presented by males
and females, and the specific assistance that they require [79],
[80]. For instance, regarding attitude to technology, males
generally are performing better in learning conditions which
included visual resources, while females perform better with
the traditional text-based resources [81].

Finally, over 100 comments were made by students. It was
surprising that students made comments as the open-ended
question was not mandatory. They made comments to clarify
some answers, they suggested more visualizations to improve
their experience, and they made comments that contribute to
the overall enrichment of PADA (see Section 5). All in all, based
on the empirical case study results, we believe that PADAwas
well-received, and it could be used to facilitate the learning pro-
cess of studentswith dyslexia or reading difficulties.

Nevertheless, the findings of this study need to be
viewed in light of some limitations. First, PADA is a tool to
visualize the presence of reading difficulties or subjective
symptoms implying dyslexia, the learning styles, and the
presence of cognitive deficits, as well as to provide feed-
back. However, this feedback is still limited, so this may
lead to the creation of specific and necessary recommenda-
tions to support reflection and self-regulation of difficulties
and learning process. Taking into consideration students’
suggestions, a recommender system of learning activities
provided by expert (e.g., psychologist, pedagogue, or coun-
selor) could be implemented as future work. In addition,
the students also offered some suggestions for improvement
of the dashboard with new functionalities such as extend
visualizations, giving more detail feedback on, and creating
a tutorial. Second, PADA displayed visualizations for each
of the tools that collect data (namely demographic data
forms, ADDA, ADEA, and BEDA), but it does not create
aggregators that combine data between tools. Further
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research is proposed to analyze the influence between data
collected in order to improve the assistance. Finally, future
work includes the execution of additional experiments with
more dyslexic students, so as to evaluate the feedback pro-
vided by them about the effectiveness of the dashboard
compared with the feedback of non-dyslexic students (i.e.,
have a balanced group of dyslexic and non-dyslexic partici-
pants). We also believe that using PADA in a LMS can be
useful in terms of improving the student’s academic perfor-
mance in general and this needs to empirically investigated.

8 CONCLUSION

This paper has introduced PADA, a web-based tool for
visualization and inspection of reading difficulties in uni-
versity students. With PADA experts, teachers and stu-
dents are involved in a new approach to support a better
learning in higher education classes. Particularly, this
novel tool generates automatic visualizations from the
detection and assessment tools designed previously in
collaboration with experts in learning disabilities. A case
study and survey with dyslexic and non-dyslexic stu-
dents was described.

Based on the results of this study it has been demon-
strated that PADA is a useful tool. It was shown that
PADA’s functionality and navigability are good. Students
were capable of understanding and inspecting their own
student model through different visualizations. More inter-
estingly, PADA was shown to be able to assist students in
creating awareness, as well as facilitate reflection and self-
regulation in the learning process.

To sum up, PADA is first to provide a tool of assistance
for university students affected with dyslexia or reading dif-
ficulties. PADA is based on the fundamentals of open
learner modeling and learning analytics [12]. Particularly,
its architecture is based on Activity-based Learner-models
technical framework proposed by [16] and extended with
Outcome-based Learner-models for new roles in an inde-
pendent web-based tool. PADA displayed visualizations of
different tools previously implemented such as forms,
ADDA, ADEA, and BEDA. Results of the case study shown
that PADA is a usefulness tool, however, it is necessary to
continue this work to study this usefulness with larger sam-
ples of dyslexics and non-dyslexics. Future research may
provide a clearer picture of the learning analytics for aware-
ness, reflection and self-regulation in the learning process
among Spanish-speaking affected students. There is, of
course, a need to replicate these findings and to validate
them in other university contexts.
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