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Abstract. This paper studies the cognitive processes involved in reading among 
Spanish-speaking university students with dyslexia, and proposes to evaluate 
these processes to identify specific cognitive traits. On this basis, an automated 
battery for the assessment of cognitive processes was designed to be included in 
a learning management system (LMS). To integrate this battery into the LMS, a 
web service architecture that works independently of the LMS was designed. 
The assessment battery has been built based on a multimodal communication 
mechanism that delivers evaluation tasks using the visual, auditory, and speech 
communication channels of human-computer interaction. 
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1   Introduction 

The use of learning management systems (LMS) to support the teaching-learning 
process is becoming increasingly important. Therefore, it has become necessary to 
consider particular student characteristics, such as learning disabilities (LD), within 
the context of these systems. Dyslexia is a very common LD in education. It requires 
that teachers pay special attention and provide suitable resources to intervene with 
and assist affected students during their learning process. 

Several studies provide examples of the work that has been done with dyslexia in 
children: identifying populations of children with dyslexia, evaluating their cognitive 
processes to determine specific deficits, and creating intervention programs to address 
the learning deficits presented [1] [2] [3]. Many of those programs have been 
supported by information and communication technologies (for example, software) 
that tend to increase student motivation and personalize the learning process [4] [5] [6]. 

Our research is focused on university students with dyslexia: a population that has 
been studied very little according to [7] [8] [9]. In the past two decades research in 
this area has shown that LDs persist into adulthood [10] [11] [12]. For this reason, it 
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has become necessary to study the cognitive processes that can be altered in 
university students and to identify the particular cognitive traits of each student and 
how these deficits can be treated in this population. 

According to [9], appropriate tools in Spanish cannot be found to assess these 
cognitive processes in the population of adult dyslexics. As a result, the research 
conducted in [13] consisted of the Spanish adaptation of an instrument, the UGA 
Phonological/Orthographic Battery developed at the University of Georgia [14]. 
Using as references that work and the analysis made in [15] of instruments to identify 
LDs, we have designed and built a new battery to assess all the cognitive processes 
involved in reading, making use of web-based technology so that it can be integrated 
into a LMS using web services. 

Once the battery has been integrated into an LMS, the variables corresponding to 
the student cognitive traits are stored in a user data model. That data model allows us 
to represent the information of a previously designed user model [15]. This user 
model is formed by four submodels: personal profile, learning style, cognitive traits, 
and cognitive performance. In this paper we focus on the cognitive trait submodel, 
designed to store the results of the evaluation of each cognitive process (phonological 
awareness, orthographic processing, lexical access, processing speed, verbal working 
memory, and semantic processing) in the LMS. Based on this user model information, 
we designed an architecture with some adaptation mechanisms for intervention and 
assistance tasks in an LMS for students that present some type of cognitive deficit, to 
improve their cognitive and academic performance, and to personalize the learning 
process according to the specific cognitive traits of each one of them.  

This paper is structured as follows. In the second section we explain what is 
generally considered to be dyslexia (or reading disabilities) and the cognitive 
processes involved in reading. The third section proposes an assessment battery for 
those cognitive processes. In the fourth section a user model based on student 
cognitive trait information is presented. Finally, in the fifth section we draw some 
conclusions and enumerate proposals for future work. 

2   Dyslexia: Learning Disabilities in Reading 

Reading is considered the basis of the educational process since most of the 
knowledge transmitted during academic development relies on the written language. 
That is why, from the very first years of schooling, learning to read correctly is 
considered a basic tool for academic development. Furthermore, when we refer to 
reading as the basis of the educational process, we mean it not only in terms of 
academia but also the importance it has in a general sense. The way we access most of 
the information in our environment is also connected with written language because 
we are immersed in the so-called information society, where activities (including 
productive, economic, educational, and cultural ones) are regulated through 
communication and information. And learning to read correctly is essential for the 
development of the individual in this society. When students have difficulty acquiring 
this skill, their academic performance and general personal development are affected. 
These consequences make it necessary to study the reading disabilities (RD) also 
known as dyslexia. 
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The most accepted definition of the term dyslexia was proposed by [16]: "Dyslexia 
is a specific learning disability that is neurobiological in origin. It is characterized by 
difficulties with security and/or fluent word recognition and by poor spelling and 
decoding abilities. These difficulties typically result from a deficit in the phonological 
component of language that often is unexpected in relation to other cognitive abilities 
and the provision of effective classroom instruction. Secondary consequences may 
include problems in reading comprehension and reduced reading experience that can 
impede growth of vocabulary and background knowledge." According to this 
definition, dyslexia is an LD that may pose a number of difficulties in the various 
processes involved in reading. 

The acquisition and development of reading depends on two types of factors: 
external and internal. External factors refer to the presence of a tutor/teacher who 
conducts sequential reading instruction; unlike oral language, reading requires formal 
teaching by an instructor. Internal factors refer to the development of certain cognitive 
processes that facilitate reading. These processes include phonological awareness, 
orthographic processing, lexical access, processing speed, semantic processing, and 
working memory. 

• Phonological awareness is the ability to separate the units into which speech can 
be divided: the phonemes or sounds that make up the words. This is a major deficit 
in dyslexia and is characterized by difficulty in acquiring, consolidating, and 
automating phonological processes [17]. 

• Orthographic processing involves recognizing the word as an orthographic pattern 
and retrieving its pronunciation from memory (via the visual route). Although 
research in this process has received less attention than phonological processing 
[13], it is important to note that people with dyslexia present a deficit in 
orthographic processing [18], probably due to a deficit in phonological processing 
[12] [19]. 

• Lexical access is the process involved in obtaining the meaning of written words. 
This can occur over two routes [20]: one that directly connects graphic signs with 
meaning (visual route) and another that transforms the graphic signs into their 
corresponding sounds and uses those sounds to access the meaning (phonological 
route). This process is essential for proper reading performance and its impairment 
is considered a major deficit in dyslexia [21]. 

• Processing speed refers to the speed in which stimuli are processed. Slowness in 
naming familiar visual stimuli may be related to dyslexia [22] [23]. When a person 
reads a series of processes similar to those carried out in tasks measuring 
processing speed (attention to the stimulus, visual processes, access and retrieval of 
phonological labels, activation and integration of semantic information, etc.) are 
required. 

• Working memory is the ability to temporarily retain information in memory, work 
with it or operate on it, and produce a result. Working memory is important in 
reading because readers have to decode and recognize words as they remember the 
meaning of what they have read. It has been suggested that the underlying deficit 
in dyslexia is in verbal working memory and that that can be attributed to 
difficulties accessing or using phonological structures [24]. 
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• Semantic processing refers to understanding and interpreting written information. 
This processing involves the extraction of meaning from text and the integration of 
information in memory. This process involves readers’ background knowledge 
about what they are reading (a text), which will facilitate a mental representation of 
the entities evoked by the text [25]. 

All these processes are essential for reading comprehension to be successful.  

3   Assessment Battery for Cognitive Processes 

For students with dyslexia, conducting a proper diagnosis, and understanding what 
their real deficits are requires a thorough analysis of their problem. Tests to detect 
deficits must be administered and the results studied to establish the foundations upon 
which different learning adaptations can be based to achieve personalized learning. 
To enhance the learning process, it is important to identify students' cognitive traits. 
We focus on detecting cognitive traits associated with dyslexia, and take into account 
the failure of specific cognitive processes involved in reading to design and build an 
assessment battery that detects deficits in the cognitive processes mentioned in the 
previous section.  

The battery involves tasks to assess phonological awareness, orthographic 
processing, lexical access, processing speed, verbal working memory, and semantic 
processing, all of which are necessary to identify dyslexia in university students. Our 
purpose is to create a complete battery that assesses all cognitive processes involved 
in reading using web-based technology so that it can be integrated into an LMS using 
web services. 

The battery has a modular design (see Fig. 1) to facilitate interaction between the 
different modules. For each type of battery user a different interface is presented 
depending on the permissions and tasks that can be developed. Figure 1 presents the 
architecture of the battery illustrating the components and their relationships. The 
components are: 1) assessment modules, 2) management modules, 3) a web server 
that stores the modules and allows communication between users and the battery by 
means of a browser, and 4) a database where the data from the users, results, history, 
etc. can be stored. 

The battery has eight modules, each one designed with functions for each user 
type. Since the battery is a software tool designed to be used in the university context, 
we identified three types of users in this context: Experts, or users responsible for 
performing activities related to the creation of tasks, the evaluation of each cognitive 
process, the definition of the guidelines to present the results of students and teachers, 
the provision of recommendations that teachers could follow for each student with 
cognitive deficits, and the checking of student results; Teachers, or users responsible 
for scheduling and activating the battery in their classes, checking the results report of 
the students, and viewing the recommendations given by experts for each student with 
cognitive deficits; and Students, or users that complete the battery evaluation tasks 
(activated by the teachers) and check their results report. 
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Fig. 1. Architecture of the assessment battery for cognitive processes 

The assessment modules (see Fig. 1) are independent modules designed to bring 
together the different assessment tasks for each cognitive process, as shown in Table 1. 
The selection of the tasks used to assess each cognitive process is based on research 
work carried out by some of the authors of this paper [26] [13] [6]. 

Table 1. Assessment tasks for each cognitive process 

Modules Tasks 

Phonological awareness • Segmentation into syllables 
• Number of syllables 
• Segmentation into phonemes 
• General rhyme 
• Specific rhyme  
• Phonemic location  
• Omission of phonemes 

Orthographic processing • Homophone/pseudohomophone choice  
• Orthographic choice 

Lexical access • Reading words and pseudowords 
Processing speed • Visual speed test 
Verbal working memory • Verbal working memory test 
Semantic processing • Reading expository and narrative texts 

To implement the tasks shown in Table 1 we rely on a multimodal architecture [27] 
that allows the student to communicate with the battery through different modes 
according to the specific objective of each assessment task. The tool uses modes of 
interaction for inputs and outputs that allow the combined use of spoken and written 
language and other devices like the keyboard and the mouse. Figure 2 depicts the 
channel alternatives for communication between the student and the battery.  

For student information input, the battery includes an automatic component of 
speech recognition that converts human speech into syllables or individual words, 
insertion of written words and characters for specific commands and use of the mouse 
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device. The battery gives students instructional output information or guidance (data 
output) using output mechanisms such as text on screen, graphical representation, 
recorded audio, and synthesized voice.  

 

Fig. 2. Multimodal communication input and ouput 

Management modules (see Fig. 1) are designed to facilitate the tool’s administration 
and use and the analysis of results by specialists (user type: experts). The 
administration module is designed and implemented for the exclusive use of a subject 
matter expert (psychologist, pedagogue, or counselor); this module allows the creation 
and/or edition of different assessment tasks needed to identify cognitive deficits in 
students. The analysis results module is created to design and deliver the results report 
of the students after they have completed the assessment tasks. It automatically 
generates an individual report for each student with: 1) the overall cognitive 
performance, 2) the identification of specific cognitive deficits present, 3) the diagnosis 
of the presence or absence of dyslexia, and 4) some recommendations to follow in each 
particular case. This module can be accessed by experts, teachers, and students: experts 
who are responsible for the content of the reports to be delivered, teachers who wish to 
know student results and recommendations for each case, and students that want to see 
their personal result report. 

The battery has been designed considering the use of standard technology and 
characteristics of reusability, interoperability, accessibility, and extensibility, to 
facilitate its integration into the structure of an LMS.  

4   Student’s Cognitive Traits Model 

The user model we propose corresponds to information related to students’ cognitive 
traits that can be stored and used in the LMS. This model is one of the four submodels 
of a main user model presented in [15]. The cognitive trait model identifies variables 
related with each aforementioned cognitive processes, allowing us to represent 
information about the student’s LD. Descriptions of some of the elements of this 
model can be matched and related with the guidelines of the IMS Accessibility for 
Learner Information Profile Specification (IMS-AccLIP) [28].  
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The identified variables allow student information corresponding to each cognitive 
process assessed with the battery to be stored in the LMS (see Fig. 3). These variables 
have assigned the results of each of the assessment exercises from the tasks described 
in Table 1 and let to know whether or not students have a cognitive deficit. These 
results include the time students take to solve each exercise, right and wrong answers 
and other information particular to each task. 

 

Fig. 3. Cognitive traits model 

Whether or not a student has a specific cognitive deficit can be determined by 
calculating the scales of each assessment task performed by that student. To carry this 
out, a representative population of university students from different academic 
programs and levels will be convened to complete all the assessment tasks in the 
battery. Then, the results of the university student sample will be used to calculate the 
means, standard deviations, and percentiles, and a table of scales will be defined to 
identify how successfully each task confirms the presence or absence of a cognitive 
deficit. 

Based on this information from the user model, we designed an architecture with 
adaptation mechanisms to intervene with and assist, through an LMS, students that 
present some type of cognitive deficit, in order to improve their cognitive and their 
academic performance. The proposed adaptation mechanisms for intervention tasks 
are based on adaptive methods for visual, auditory, and speech multimodal 
communication channels. Many studies regarding the training of cognitive processes 
[29] [30] [31] [32] indicate that student performance can be improved significantly if 
intervention tasks use both acoustic and visual modalities. Moreover, the use of 
assistive technology (for example, speech recognition systems, screen readers, talking 
spell checkers, and proofreading programs) [33] [34] is considered for personalized 
assistance tasks. 

In summary, the design of the architecture considers: 1) a user model formed by 
the four previously mentioned submodels (personal profile, learning style, cognitive 
traits, and cognitive performance), 2) some accessibility guidelines for students with 
dyslexia [35], 3) e-learning standards, especially those related to the storage of the 
user model information [36], and 4) an adaptation engine that handles the delivery of 
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contents and tasks adapted to the particular needs and preferences of students with 
dyslexia. The adaptation engine has adaptation rules that can be applied to personalize 
the intervention and assistance tasks that students complete to improve their cognitive 
performance. These rules will be evaluated considering the type and difficulty level 
(easy, medium and hard) of the task as well as the appropriate support tools, 
depending on the specific deficit of each student. 

5   Conclusion and Future Work 

This work aims to provide tools in the context of an LMS that support the learning 
process of university students with dyslexia. A battery for the assessment of cognitive 
processes involved in reading has been designed and implemented. This battery 
provides teachers and specialists with guidance on intervention and assistance for 
students with deficits that limit their learning performance. 

The battery has a modular design to facilitate communication between the modules 
and interaction between users and the tool. Moreover, the battery's tasks are supported 
by a multimodal architecture that allows students to communicate with the battery 
through different modes (visual, auditory, and speech) according to the specific 
objective of each assessment task. 

In future work the battery will allow us to retrieve the scales of each assessment 
task completed by university students. With those scales the battery will automatically 
identify whether or not the student presents a cognitive deficit. Furthermore, we will 
design and develop adaptation mechanisms in an LMS to provide suitable resources 
to intervene with and assist affected students during their learning process. 
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