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Abstract. Learning disabilities (LD) affect not only an individual’s academic 
skills, but also many aspects of life for a large population percentage. As a re-
sult, understanding individuals with learning disabilities and addressing their 
needs is an active topic of research, although it has been studied for several 
years. On the other hand, Ambient Intelligence (AmI) is an emerging field of 
research. AmI environments are claimed to be among other things sensitive, 
caring and adaptive to their inhabitants. In the context of education, AmI can 
adopt a student-centric approach and support the education activities that are 
taking place adapting to the individual learner’s needs. This paper proposes an 
approach for AmI educational environments to assist in identifying, monitoring, 
and providing adapted instruction to students with LDs. 
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1 Introduction 

Learning disabilities (LDs) are gaining increased interest during the last decades, as 
they affect a large population percentage. According to the U.S Department of Health 
and Human Services [1], in 2010 almost 5 million children aged 3-17 had a learning 
disability (8%). Furthermore, learning disabilities constitute the most common disa-
bility among 3- to 21-year-olds served under the Individuals with Disabilities Educa-
tion Act (IDEA) [2]. 

LD is a lifelong disorder that affects individual’s academic skills and can impede 
learning to read, write, or compute. As a result, LD affects many parts of a person's 
life, such as school or work, daily routines, family life, and social contexts. For in-
stance, according to a study carried out by the U.S. National Center for Learning Dis-
abilities [3], students with LD go on to postsecondary education at a much lower rate 
than their nondisabled peers, and of those who do, few seek support in college and 
few earn undergraduate or advanced degrees. According to the same study, while 
more than two-thirds (69%) of students with LD had a transition goal of obtaining 
competitive employment after high school, only 46% had regular paid employment 
when surveyed within two years of leaving school. However, with appropriate support 
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and intervention, individuals with LDs can overcome barriers through alternative 
ways of learning, accommodations, and modifications. 

Ambient Intelligence is an emerging field of research and development that is ra-
pidly gaining wide attention by an increasing number of researchers and practitioners 
worldwide, and in Europe in particular [4]. According to Aarts and Wichert [5], Am-
bient Intelligence (AmI) is about sensitive, adaptive electronic environments that 
respond to the actions of persons and objects and cater for their needs, while the op-
tion of extended and more intuitive interaction is expected to result in enhanced effi-
ciency, increased creativity and greater personal well-being.  

In the domain of education, AmI is often claimed to bring a significant potential 
[6]. More specifically, the Smart Classroom has been defined [7] as a responsive in-
telligent environment that enhances collaborative learning by introducing the concept 
of situation awareness, where a number of attributes are monitored (i.e., PDAs’ loca-
tions, levels of noise and luminance, etc.) to determine system response. However, a 
smart classroom, besides supporting a variety of technologies, should adopt a student-
centric approach [8] and support educational activities through taking advantage of 
the advanced monitoring mechanisms, technology pervasiveness and the available 
knowledge and reasoning facilities, and adapting to each individual learner’s needs. 
The system proposed in the context of this work aims to address the needs of students 
with learning disabilities in AmI educational environments by: (i) identifying students 
with potential LDs (ii) monitoring LD students’ progress (iii) ensuring that appro-
priately adapted instruction is provided for each individual student and (iv) providing 
compensating and remediating technological assistance in students’ daily classroom 
activities. 

The remainder of this paper is organized as follows. Section 2 discusses issues re-
lated to learning disabilities, namely the definition of the term, classification models 
and assessment strategies. The currently available assistive technologies for support-
ing the needs of persons with LDs are introduced in Section 3. Section 4 introduces a 
systematic approach for addressing the requirements of students with LDs in the con-
text of smart educational environments. Finally, Section 5 concludes this work and 
provides directions for future research. 

2 Learning Disabilities 

Learning Disabilities is not a simple concept to define. The first definition was pro-
vided in 1962 [9], and until recently different definitions or amendments to existing 
definitions have continued to arise. A recent definition was provided by the Individu-
als with Disabilities Education Act (IDEA) in 2004 [10], according to which  the 
term ‘specific learning disability’ (a) means a disorder in one or more of the basic 
psychological processes involved in understanding or in using language, spoken or 
written, which disorder may manifest itself in the imperfect ability to listen, think, 
speak, read, write, spell, or do mathematical calculations, (b) including such condi-
tions as perceptual disabilities, brain injury, minimal brain dysfunction, dyslexia, and 
developmental aphasia, (c) not including a learning problem that is primarily the  
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result of visual, hearing, or motor disabilities, of mental retardation, of emotional 
disturbance, or of environmental, cultural, or economic disadvantage. In summary, the 
definitions that have been provided for learning disabilities aimed to (i) on the one 
hand identify the academic skill deficits exhibited by children with LDs, either by 
means of inclusion (what LD is) or by means of exclusion (what LD is not) and (ii) on 
the other hand to outline a model for identifying LDs. 

More specifically, in the area of LD, classification occurs at multiple levels: in 
identifying children as LD or typically achieving; as LD versus cognitively disabled; 
and within LD, as reading versus math impaired [11]. The most distinguished classifi-
cation models are aptitude-achievement discrepancy, low achievement, intra-
individual differences and Response to Instruction (RTI).  

According to the aptitude-achievement discrepancy model, learning disabilities can 
be identified by detecting a discrepancy between the achievements and the intellectual 
abilities of a person, with the IQ-achievement discrepancy criterion being the most 
controversial and best-studied approach [11].  Discrepancy-based approaches have 
received a lot of criticism (e.g. [12]), mainly since discrepancy has become the prima-
ry criterion in the LD identification process, and not because it does constitute an 
important concept related to LD [13]. 

Another model proposed as an alternative to aptitude-achievement discrepancies 
refers to identifying individuals as learning disabled based on absolute low achieve-
ment [14]. Despite evidence for their validity, definitions of LD based solely on low 
achievement models remain controversial, mainly due to the fact that because the 
purpose of the LD construct is to identify a unique group of low achievers whose 
underachievement is unexpected, it is questionable as to whether such an approach 
could ever identify individuals with LDs without additional criteria [15]. 

The intraindividual differences model proposes using intraindividual differences as 
a marker for “unexpected underachievement” and presumably the absence of variabil-
ity (a flat profile) as a marker of “expected underachievement” [15], differentiating 
thus students with learning disabilities from students with low achievement. Several 
studies have been devoted to discussing the validity of this model, as summarized in 
[15]. A major concern according to the aforementioned study is that the model is 
based on the assumption that identification based on performance profiles will lead to 
enhanced treatment of individuals with LD. However, there is little evidence that 
instruction addressing strengths and weaknesses in cognitive skills is related to inter-
vention outcomes, and as a result this assumption is unsupported. 

An alternative approach is that of Response to Intervention (RTI), which involves 
the following phases [16]: (i) a classwide assessment to determine whether the overall 
rate of responsiveness for the class indicates that the instructional environment is 
sufficiently nurturing to expect student progress (ii) identification of students whose 
level of performance and rate of improvement are dramatically below those of class-
room peers (iii) for the children identified at risk, classroom adaptations are designed 
and tested to enhance individual responsiveness in the general education setting. Stu-
dents who cannot benefit from the instruction adaptations can be identified as having 
an intrinsic deficit (i.e., disability) and require special education. The RTI model con-
stitutes an important landmark in the process of defining and modeling LDs, and as a 
result several studies have been devoted to discussing its results as applied during the 
educational process, as well as its validity.  For instance, Kavale [17] identifies  
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several criteria that are needed for a model to be deemed valid, which the RTI model 
fails to address.  Namely, according to Kavale, the RTI model, among other issues, 
mostly focuses on phonological processing neglecting other LD-related academic 
deficits, emphasizes on early identification and not a cross-age spectrum, and may 
lead to overidentification, since the initial pool of students represents the lowest 25% 
in reading achievement in a kindergarten or first-grade population.  

Henceforth, some new models have been proposed aiming to take advantage of the 
potential of the RTI model and to address the disadvantages that have been identified. 
Fletcher [18] recommended a model that is based essentially on a hybrid involving 
RTI, intraindividual differences in the achievement domains from both a low 
achievement and intraindividual perspective, and consideration of exclusionary fac-
tors. Kavale and Forness [19] proposed a five-level model, according to which the 
presence or absence of underachievement is documented in the first level, the second 
through fourth levels unravel the complex and multivariate nature of LD, while the 
final level establishes LD as a discrete and independent condition. Based on the pre-
vious model, Flanagan et al. [20] proposed an improved version, incorporating mod-
ern intelligence theory for theoretical and empirically supported grounding of LD and 
embedding the RTI model as well. 

An important characteristic of LDs, which affects both their assessment and the 
provided intervention, is their heterogeneity. As a result, LDs may affect different 
domains of achievement, such as reading, math and written expression. In particular, 
five domains of academic deficiencies have been consistently identified in research 
and are assessed in existing assessment tests [18], namely word recognition, reading 
fluency, reading comprehension, math computations and problem solving, and written 
expression. Fig. 1 presents these academic domains, as well as the specific academic 
skills that are usually tested in order to identify a deficit in a specific domain. 

 

Fig. 1. Achievement domains that can be used as LD indicators and specific progress  
monitoring metrics 
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The approach proposed in this paper conforms to the RTI model and the methodolo-
gy proposed in [18] and partly addresses the requirements of the model proposed in 
[19]. Furthermore, it supports all of the aforementioned tests in the five academic do-
mains. Its advantage is that repetitive tests are easy to be carried out, that students’ 
progress can be constantly monitored and the actions that are planned can be adapted as 
required in order to optimally address the needs of students. Finally, an important asset 
of the proposed system is its extendibility, making it possible to incorporate additional 
models in the future and to provide statistics regarding their validity and efficiency.  

3 Assistive Technologies 

Assistive Technology can offer powerful tools to students with learning disabilities by 
providing remedial or compensatory support in the classroom and for independent 
learning. A compensatory approach might be when a student listens to a taped version 
of the book for the English class to answer questions about it, with the goal of bypass-
ing a reading problem, not learning to read. If the student listens to the tape of the 
book or has a computer reading a scanned version of the book while following along 
with the text and trying to learn unfamiliar words, this would be a remedial approach, 
designed to improve areas of deficiency. 

For each individual, a different combination of assistive technologies might be the 
most suitable for facilitating learning according to his/her characteristics. An example 
illustrating the characteristics of an individual with reading learning disabilities and 
the support that can be provided by assistive technology is provided in Fig. 2. 

Besides the type of learning disability that it compensates for, assistive technolo-
gies for LDs can be classified as low tech (e.g. pencil grips, graph paper, highlighting 
pens) and high tech (e.g. screen readers, spell checkers etc.). In summary, the  
 

 

Fig. 2. Characteristics of a user with reading learning disabilities and related assistive technolo-
gy solutions 
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categories of high-tech AT that can be used to address the needs of students with LDs 
include: alternative keyboards, portable word processing devices, tape recorders, 
reading pens, word processors, outlining programs, spell checkers, proofreading pro-
grams, abbreviation expanders, word prediction, screen readers, speech recognition 
software, concept mapping software, multimedia presentations and authoring soft-
ware, talking calculators or electronic math worksheets. 

4 Addressing the Needs of Students with Learning Disabilities 
in Ambient Intelligence Educational Environments 

This paper proposes the design and implementation of a system aiming to address the 
needs of students with Learning Disabilities in Ambient intelligence educational envi-
ronments, and in particular identify them as potentially LD, monitor their progress 
over time, as well as provide appropriate and personalized instruction and assistance 
in daily classroom activities (see Fig. 3). 

In more details, students with potential LDs may be identified through an initial 
screening process. The screening tests can be carried out as part of regular exercises, 
transparently to the student, while the system will guide the student through the test, 
will monitor the student’s answers, will calculate the score and will finally produce 
detailed reports with the results in order to inform the teacher. During the tests, mul-
timodal interaction will be available, which may differ from one test to another. If 
necessary, the tests can be repeated over time periods without any burden for the 
classroom and the individual students.  

Students identified as potentially LD should receive appropriate treatment, in terms 
of the educational process as well as in terms of assistance from the environment in 
their daily activities. The technology support will be adapted according to the individ-
ual student, the current context of use and the current user preferences.  

 

Fig. 3. Smart Classroom activities for effective identification, instruction and monitoring of 
students with LDs 
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The educational intervention adaptation will be suggested by the system indivi-
dually for each student, according to their learning profile, the problems that have 
been identified and the interventions that have been applied so far. An appropriate 
reasoning mechanism will be used for this purpose, taking into account the individual 
student profiles and progress assessments, as well as the available instruction models.  
The teacher will have the possibility to accept, reject or modify accordingly the pro-
posed adaptations. Besides the instruction adaptation guide, teachers will be sup-
ported through a suite of tools, including tools for designing and recording tests, as 
well as for monitoring students’ performance.  

Moreover, instruction activities as well as the students’ progress and behavior in 
the smart classroom will be monitored by the AmI environment. As a result, the AmI 
environment will guide educators to adapt instruction activities as required, will carry 
out appropriate tests to assess the student’s academic skills progress, also providing 
feedback on the effectiveness of the performed adaptations, and will provide assis-
tance to student’s daily activities as needed. An overview of the proposed system is 
presented in Fig. 4. 

The target users, i.e., students and teachers, will be able to interact with the system 
through various devices, such as smartphones, laptops, tablets, etc. Furthermore, inte-
raction with the system will be supported via any AmI artifacts, such as for example a 
smart desk, a smart board, an interactive display etc. Interaction will also be sup-
ported via physical objects, such as paper and pencil.  

Users will be able to interact with a suite of applications. In summary, students will 
use screening and progress assessment applications, as well as assistive applications 
aiming to compensate or remedy their identified deficiencies. Both progress  
 

 

Fig. 4. Proposed system overview 



238 S. Ntoa et al. 

 

assessment and assistive applications will be personalized for each student individual-
ly according to their profile. Teachers will be interacting with screening, progress 
assessment applications as well as specialized applications aiming to inform them of 
their students’ progress and to allow them to plan the instruction adaptations when 
necessary. Finally, instruction adaptation will occur based on the progress assessment 
results, the individual student profile, as well as the teacher’s input when necessary. 

The applications’ suite will use several services, implementing fundamental func-
tionality using data from cameras and sensors. Such indicative services that will be 
used include book and pointer recognition [21], card recognition [22], and handwrit-
ing recognition services [23]. Finally, intercommunication needs between sensors / 
actuators and primary services will be addressed by a generic services interoperability 
platform [24], providing the necessary functionality for the intercommunication and 
interoperability of the heterogeneous services hosted in an AmI classroom  
environment. 

The benefit of the suggested approach is that it ensures greater validity and reliabil-
ity than other traditional LD identification approaches, since students can be identi-
fied as potentially Learning Disabled quite early and they can be seamlessly tested 
repeatedly if necessary. Additionally, they will be able to receive appropriate instruc-
tion, and their academic skills progress will be monitored constantly in order to cor-
rectly classify them as LD and further identify the exact educational activities in 
which they need support. Furthermore, the process is transparent to the student, who 
will not be psychologically affected by formal screening and LD-diagnosis tests, since 
these will be undertaken in the context of daily class activities and not as formal LD 
diagnosis tests. Furthermore, the approach is applied at a classroom level, thus bene-
fitting all students. Finally, the proposed approach will assist teachers in selecting the 
most appropriate instruction for each student individually and will facilitate the per-
sonalization of the educational material that is delivered to students. It will also allow 
collecting over time large bodies of data about the learning process of students with 
and without various types of LDs for further processing, analysis and comparison by 
experts. 

5 Conclusions and Future Work 

This paper has presented an approach for identifying students with Learning Disabili-
ties and addressing their needs in the context of smart learning environments. In more 
details, the proposed system aims at identifying students with potential LDs through 
screening and repetitive intraindividual progress testing, monitoring the progress of 
students identified as potentially LD, ensuring that appropriately adapted instruction 
for each individual student’s needs is provided and providing compensating and re-
mediating technological assistance in students’ daily classroom activities. 

Future work will aim at creating an initial prototype in order to assess the proposed 
system in practice. More specifically, forthcoming efforts will study issues related to 
user modeling in the context of the smart classroom in order to capture and represent 
information about users and contexts so as to enable the environment to adapt to both.  
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Furthermore, a detailed study of LD screening and progress monitoring tests and a 
selection of an indicative set of tests that will be embedded in the system will follow, 
as well as modeling of instruction approaches in order to address the changing needs 
of an LD learner. Based on the above, a working prototype of the system will be 
created and tested with experts and representative users. 
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