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Abstract: The aim of the study is to develop innovative in-
telligent technology and information systems of distance
education for people with impaired vision (PIV). To solve
this problem a comprehensive approach has been pro-
posed, which consists in the aggregate of the application
of artificial intelligence methods and statistical analysis.
Creating an accessible learning environment, identifying
the intellectual, physiological, psychophysiological char-
acteristics of perception and information awareness by
this category of people is based on cognitive approach. On
the basis of fuzzy logic the individually-oriented learning
path of PIV is con- structedwith the aim of obtaining high-
quality engineering education with modern equipment in
the joint use laboratories.
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1 Introduction
A distinctive feature of the modern world has become a
global development of information technologies and its
use in education is especially effective. Today distance
learning (DL) is one of the most rapidly developing areas
in the world educational environment that provides equal
opportunities to all people regardless of social status and
can react flexibly to the needs of leaners [1]. Especially the
creation DL for people with disabilities is important. Since
many people in the world [2, 3] have problems with vision
(Figure 1) and organization of the e-learning process in-
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Figure 1: Number of people with visual impairment in the world

volves spending a lot of time in front of a computer, which
negatively affects the visual apparatus, it is of great impor-
tance to develop distance learning systems for peoplewith
impaired vision (PIV). Currently great attention is paid to
training of PIV and their social adaptation.

Currently with the development of distance learning
systems the various methods of artificial intelligence [4]
are widely used, such as neural networks (NN), fuzzy logic
(FL), neural-fuzzy networks (NFN), genetic algo- rithms
(GA), artificial immune systems [5] etc. A number of for-
eign scientists’ works dedicated to the development of in-
telligent information systems of distance learning. It may
be noted that most interesting works of the following sci-
entists: Tollefsen Morten, Magne Lunde (Norway), A. San-
gra (Spain), Kim N. (South Korea), V. L. Uskov (USA), etc.
Themain feature of the existing distance learning systems
based on artificial intelligence approaches is the process-
ing of multidimensional inaccurate data and identifying
hidden knowledge [6].

When creating intelligent systems of distance learning
good results can be achieved by an integrated approach
and combining different artificial intelligence techniques,
statistical methods [7], ontological [8] and cognitive ap-
proaches.

The application of ontological approach to create in-
telligent systems of distance learning has its own specific
features. Ontology models allow to create an effective in-
telligent information systems and implement the interac-
tion between complex structured and formalized data. The
aim of the study is the development of intelligent technol-
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ogy and information system DL for people with impaired
vision with a holistic approach based on intelligent and
statistical techniques as well as cognitive and ontological
approaches to individually-oriented learning path based
on the perception of information by people with impaired
vision and a quality engineering education using modern
equipment.

Combined model OWL has been developed, which in-
cludes anontologicalmodel of a learner, learningand joint
use laboratory [8].

Work [7] describes more details the selection of in-
formative features by using the principal components
methodbased on the statistical software package SPSS.On
the basis of the obtaining results, the appropriate learning
path is selected and mode of supply of educational ma-
terial taking into account the characteristics of each PIV
with the aim of improving the quality and effectiveness of
learning, identifying the intellectual, physiological, psy-
chophysiological characteristics of perception and aware-
ness of information this people category on the basis of
cognitive approach and the creation of an accessible learn-
ing environment with connectivity to a joint use labora-
tory.

We introduce the following definition: any laborato-
ries with complete infrastructure (advanced equipment,
technical and software) for the implementation of distance
learning and obtaining high-quality engineering educa-
tion by PIV are considered as joint use laboratories.

As an example of DL PIV at the National scientific lab-
oratory of joint use of information and space technologies
of the KazNITU named after K. I. Satpayev the trainingma-
terial on discipline "Information systems design" was pre-
sented for DL PIV.

It is necessary to construct a model of learning
adapted to the learners’ model based on fuzzy logic to cre-
ate a suitable learning path. This approach contributes to
the definition of the learner’s class as vision and current
knowledge of PIV. The creation of such a system aimed at
adaptation of PIV in society is one of the important prob-
lems of modern education.

It is proposed the following structure of the article: the
second section discusses literature review of DL systems
based on modern approaches of artificial intelligence.

The third Section describes methods of solving the
task. The fourth Section presents the results of the study.
The fifth Section is devoted to the discussion of the find-
ings. The sixth Section contains a conclusion and a list of
used literature.

2 Literature Review
In the fast-paced modern society, where the amount of in-
formation exceeds the capabilities of human perception,
there is a need to develop and apply of new innovative and
effective approaches of DL. The increasing amount of in-
formation requires the development of intellectual (cogni-
tive) abilities of the learner. The term "cognitive" appeared
in 1960 (from the Latin word cognition-knowledge, cogni-
tion) means "informative", relevance to cognition" [9]. In
the cognitive approach, special attention is paid to tradi-
tional cognitive processes such as perception, attention,
memory, imagination and thinking.All theseprocesses are
considered as components of the overall process of infor-
mation exchange between man and environment. Charac-
teristic of this approach is theuse of various cognitive tech-
niques and trainings [10] in the organization of training
activities for the development of cognitive abilities in the
learners. Formation and sustainable development of the
cognitive skills of PIV throughout life is an important ele-
ment of the educational process. The core of the cognitive
approach is to solve such tasks as: awareness of knowl-
edge, skills, structuring and use of knowledge by learners
in the learning process [11]. This approach attempts [12] to
learner-centered education, individualizedmethods, tech-
niques and learning technologies that increase the quality
of education.

Cognitive approaches are mainly used in intelligent
systems based on knowledge [13]. In such systems artifi-
cial intelligence methods are widely used to improve the
efficiency of the DL systems. The current approach to the
development process ofDL intelligent systems involves the
introduction [14] the platform of fuzzy logic and artificial
neural networks.Work [15] discusses the application of the
FL platform for the design and construction of intelligent
subsystem for use in DL. The organization of the process
of DL with application of AI technologies gives the oppor-
tunity to dynamically adjust the learningmaterial for each
learner. In the study [16] a fuzzy hybrid system has been
established. The uniqueness of the system is application
of neural networks and fuzzy logic. The forecasting algo-
rithm of the training course advancing with the help of FL
has been developed. Fuzzy logic is used during the clas-
sification of leaners according to their level of knowledge
both quantitatively and qualitatively. Fuzzy logic appara-
tus allows for a small amount of information to make a
recommendation to the teacher about the directions of im-
provement of training course. A neural network is used for
teaching students andmonitoring their learning. A conve-
nient interfacehasbeen created for a teacher anda learner.
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One of the main methods of visual perception devel-
oping is a psychophysiological method [17], which acti-
vates the thought processes of PIV. Psycho physiological
method includes a specially prepared visual activation
that increases functional ability and improves the basic
functions of vision. This method is designed to correct for
violation of the perception of the basic object properties
(contrast, shape, size, color) in different conditions. It is
performed using special psychophysiological stimulant,
which modifies the characteristics of the image and con-
verts the activation conditions (adaptation, fixation fre-
quency).

Psychophysiological direction includes a method of
modifying neural networks, affecting the property of brain
plasticity [18], which is used to activate and enhance the
functional activity of view, the development of visual func-
tion.

The novelty of the article is denoted by the integrated
approach at the development OF PIV DL based on com-
bined use of intellectual and statistical methods for the
processing of multi-dimensional data, and on psycho-
physiological peculiarities of perception and awareness of
learning information by people with impaired vision on
the basis of cognitive and ontological approaches.

3 Methods
Different methods are applied in [19] under different loads
to study the physiological characteristics of the visual
apparatus of the visually impaired. Visually impaired or
blind learner as other is in progress in accordance with
their capabilities. The development of PIV differs from the
learner’s development with normal vision. They have ar-
rested development. It is need to create favorable condi-
tions for the perception of information taking into account
these characteristics. Improper organization of learning
activities affects the cognitive process of PIV. This leads to
a rejection of the emotional and intellectual development
and reduces the effectiveness of the training.

Taken through the eye the light rays focus on the
retina. The perception by the brain of visual information in
a general form is as follows [20]: the brain processes the re-
ceived information through the eye. Then the visual path-
way of the brain is connected and computing processes
are performed. External impacts are registered. Outer pro-
tective layer of the eye (cornea) gives clarity and focuses
an image. Then information goes into the inner surface of
the eye (retina) and excites the light-sensitive cells. Retina
generates nerve impulses that are moved to the brain to

interpret vision. Here are some of them responsible for the
contrast, and the secondpart-for the transmission of color.
Each cell in the likeness of CPU processes information
and further transmits it in the form of electrical impulse.
The signal is transmitted to the area of the cerebral cortex
through the optic nerve through the optic canal. When re-
ceiving information other areas of the cerebral cortex are
connected.

Learners on the nature of diseases and the extent of
violations of basic visual functions perceive and recog-
nize the information received in different ways. Different
degrees of visual impairment affect the psychophysiolog-
ical characteristics of PIV in learning. The following dis-
eases are considered:myopia, hyperopia and astigmatism.
In case of myopia [21] the person badly distinguishes ob-
jects located at a far distance. The image is focused not on
a specific area of the retina, but it is placed in the plane in
front of it and as the result distant objects appear blurred
(Figure 2a).With hyperopia the image focuses not on a par-
ticular area but it is in the plane behind the retina and the
image is poorly perceived in close proximity. (Figure 2b).

Anophthalmological disease astigmatism is oneof the
most common causes of low vision [21]. In this defect of vi-
sion form of the lens, cornea or eye is disturbed, and the
capacity to clear vision is lost. Often the astigmatism is
combined with myopia or hyperopia.

Figure 2: The structure of the eye in cases of myopia and hyperopia

Questionnaire based on Amthauera R. and G. Eysenck
tests is used to implement the cognitive approach. Test of
intelligence by R. Amthauer and a test of verbal intelli-
gence by G. Eysenck [22] are used to assess the intellec-
tual abilities,mental health and fatigue. Intelligence struc-
ture test of Amthauer was developed by the German psy-
chologist Rudolf Amthauera in 1953 in Germany. This test
helps to determine the intelligence quotient [23]. In stud-
ies of Amthauera much attention is paid to the similarity
of intellect and professional activity of the subject. The
Eysenck test [22] was developed by the English psychol-
ogist Hans Eysenck. It consists of a series of tests and is
available in eight different variants. The technique of this
test is to identify original thinking and in assessment of
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intellectual abilities in people aged 18 to 50 years old with
at least secondary-level education. Verbal, numerical and
graphical materials are applied in preparation of the test.
This approach helps the study of the intellectual and per-
sonal characteristics of students: the intelligence struc-
ture, general and special levels of academic achievement,
rate of learning, performance, endurance, willpower, re-
sult achievement motivation etc. The Duochrome test is
proposed for the independent verification of the health
status on defect of eyesight that contributes to the deter-
mination of myopia, hyperopia or emmetropia (norm) of
the eye. The table is divided into two parts: the left side is
red, right side is green and the letters on the background
are black. To check the view on this table a person has to
be in a light room and cover one eye with hand (a piece of
paper) and read letters on both sides of the table. And this
procedure should be performed with the second eye. Test
results: if the subject sees the letters on both sides equally,
then he has emmetropia (normal vision). If the letters are
clearly visible on a red background, it is a high probability
that he has myopia; if green, then the subject has hyper-
opia.

Fuzzy logic is implemented in the MATLAB (Matrix
Laboratory). MATLAB [24] was developed by Cleve Moler
who was the Dean of the faculty of computer science at
the University of New Mexico as a programming language
in the late 1970-ies, which is a software package for solv-
ing problems of technical computing. One of the main fea-
tures of the MATLAB language is the wide use of this pack-
age for multidimensional data analysis, to develop algo-
rithms and createmodels. TheMATLAB language includes
mathematical functions for engineering and scientific op-
erations. It is also handy when compiling fuzzy rules. The
rules of fuzzy products are formed in the Rule Editor of
MATLAB, which produces all the necessary procedures
in accordance with the selected algorithm (Mamdani) of
fuzzy inference. Then the rules of fuzzy logic are formed.
The main advantages of the use of Mamdani algorithm in-
clude the following [25]:

– works on the principle of "black box" (he input are
the quantitative values and on the output are nu-
meric values). In the intermediate stage the fuzzy
logic and fuzzy set theory are used);

– manages numeric data using the flexible possibili-
ties offered by the fuzzy systems

– increases accuracy when training on the original
data;

– based on fuzzy inference and avoids a lot of compu-
tation.

4 Results
In the course of solving the tasks the high-level algorithm
of innovative intelligent technology of DL PIV has been
proposed.

Algorithm 1 of the innovative technologies of DL PIV

1. Registration of PIV in innovative, intelligent tech-
nology of DL. The choice of the subject and duration
of training.

2. Building a model of PIV, taking into account char-
acteristics of view, based on questionnaires and test
using cognitive approach.

3. Creating a database and knowledge base.
4. Organization of the special environment informa-

tion perception of PIV for various pathologies of vi-
sion: myopia, hypermetropia and astigmatism.

5. Accepting requests fromPIV and data transfer to the
interpreter of server-side scripting.

6. Building a learning model adapted to the student
model based on fuzzy logic.

7. Class teaching is selected on the results of question-
naires and knowledge level of PIV: elementary level,
intermediate level, advanced level.

8. Construction of individual-based learning trajectory
andorganization of access of PIV in the joint use lab-
oratories for the implementation of practical, labo-
ratory and individualworkwithmodern equipment.

Structural diagram (Figure 3) of application of cogni-
tive approach in creation of innovative intelligent technol-
ogy of DL PIV.

Cognitive approach on the basis of the survey is used
to identify the psychophysiological features of PIV to col-
lect features that characterize PIV and when submitting
educational information from the monitor screen, taking
account of the defects of vision and building a learner’s
model. An intelligent method based on fuzzy logic is used
to build learning model adapted to the learning model of
PIV. The survey process consists of two stages: question-
naire 1 and questionnaire 2. Questionnaire 1 highlights
psychophysiological characteristics of PIV by means of
tests Eysenck and Amthauera [23], special tables for de-
termining visual acuity and diagnosis to determine vision
defects.Questionnaires of studentshelps to identify the in-
tellectual, physiological, and psychophysiological charac-
teristics of perception and awareness of information of PIV
and contributes to the construction of a learner’s model.

Survey questions of the developed system consist of
the following characteristics: age, education, hobbies,
ability to work in a team, emotional stability, health sta-
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Figure 3: Structural diagram of application of cognitive approach in creation of innovative intelligent technology of DL PIV

tus by defect of vision, visual acuity, logical thinking, cog-
nitive activity, psychological characteristics, strongwilled
potential, physiological potential, motivational potential,
read techniques, knowledge control and perception of in-
formation. The results of the survey reveal emotional sta-
bility, intellectual potential, assimilation of information,
taking into account peculiarities of vision and motivation
in the student. Questionnaire 2 determines the knowledge
level of PIV on the chosen discipline and contributes to
the learning class selection of PIV, which is divided into
primary level (Beginner, low Elementary, High Elemen-
tary), intermediate level (PreIntermediate, Intermediate)
and advanced level (UpperIntermediate, Advanced).

Submission of educational information from themon-
itor screen by using the text-to-speech (in case of low and
moderate visual impairment), the information arrange-
ment on the screen and the choice of color schemes. Vari-
ous information arrangement on the screen and choice of
specific color schemes are considered in case of myopia
and hyperopia.

It is especially important to consider the information
perception of PIV when creating such systems. One way
is the correct submission and arrangement of informa-

tion on the screen [26]. In this system, attention is paid
to the arrangement on the monitor depending on the psy-
chophysiological characteristics of information awareness
and view characteristics. According to the experiment re-
sults the possible preferred information arrangement on
the screenhasbeen identified in various visual defects (Ta-
ble 1) and there is a choice of colour schemes for a better
perception and understanding information.

It is need to know the effect of color on information
perception of PIV with different visual impairments when
selecting colors for the submission of educational mate-
rial. Color affects the physiological systems of the person,
increasing or decreasing the ability to educational activity.
It is necessary to consider the psychological effect of color
on the human body depending on the wavelength.

An important aspect in creating PIV DL is a study of
the information arrangement on the screen in cases of
various visual impairments. The preferable arrangement
of important educational information in nearsightedness
(myopia) is the left side of the monitor on pale-yellow or
pale-green background (Figure 4).

In case of hypermetropia the best arrangement of im-
portant educational information is the right part of the
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Table 1: Preferable information location on the screen in various visual defects

Scope Details
in case of nearsightedness (myopia) information arranged at the left side of the screen is well perceived

pale yellow or pale green screen background black font
in case of farsightedness (hyperopia) information arranged in the lower right corner of the screen is well perceived

bright yellow or bright orange screen background
black font

in case of residual vision color scheme of "white-black" (white text and black background) is provided
to obtain a clear contrast
sound connection

Figure 4: The preferable color-scheme and arrangement of impor-
tant information on the screen in myopia

Figure 5: The preferable color-scheme and arrangement of impor-
tant information on the screen in hypermetropia

Figure 6: Schematic representation of the fuzzy model in Matlab
Fuzzy Logic Toolbox

computer screen on a bright yellow or bright orange back-
ground (Figure 5).

Figure 7: Description of the first input variable "Questionnaire sur-
vey 1"

In order to get a clear contrast for people with residual
vision, the "white-to-black" color scheme (white text and
black background) is provided.

Speech Synthesis allows students to listen to a vast
amount of materials without straining their eyes. It is an
obligatory tool for people with partial loss of eyesight, be-
cause visual deterioration increases load upon acoustic
apparatus.

Then the learningmodel of adaptation to the student’s
model based on fuzzy logic is constructed. Fuzzy logic is
used in classifying students according to the results of the
questionnaire survey and the level of PIV’s knowledge to
select a training class for PIV.

Fuzzy logic apparatus is applied [27] to solve prob-
lems in which input data is poorly formalized. The theory
of fuzzy systems are based on linguistic approach and al-
lows to create intelligent systems that enhance objectivity
in decision-making in applied problems.

Learning model selection algorithm based on fuzzy
logic (fuzzy output performance based on Mamdani algo-
rithm [28]) has been worked out:

Algorithm 2 Learning model selection algorithm
based on fuzzy logic

1. Drawing up the rule base of "training class for PIV".
2. Fuzzification of "PIV Model" input parameters from

questionnaire survey 1 and results of questionnaire
2.

3. Determination of the conditions’ truth degree on
each rule of the fuzzy output system.
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Figure 8: Fuzzy inference surface

4. Formation of the truth degree finding process of all
composed fuzzy production rules.

5. Finding themembership function to the fuzzy sets of
"PIV Model" and "Entry knowledge level of the cho-
sen subject" for each of the output linguistic vari-
ables.

6. Transition from membership function of the output
linguistic variable to numerical value.

When determining learning model of PIV, the fuzzy
logic based on the results of questionnaires 1 and 2 is ap-
plied. Two fuzzy linguistic variables are taken as input pa-
rameters of the system (Figure 1): "Questionnaire survey
1" and "Questionnaire survey 2". "Result (R)" is an output
parameter.

A1 = {′′bad′′, ′′belowmoderate′′, ′′moderate′′,
”abovemoderate”, ”excellent”

is used as the term set of the first linguistic
variable of "Questionnaire survey 1" and A2 =
{′′verylow′′, ′′low′′, ′′average′′, ′′aboveaverage′′,
′′high′′} is used for the term set of the second linguistic
variable of "Questionnaire survey 2". Term set of the out-
put linguistic variable "Result (R)" is given in the form R =

{′′Beginner′′, ′′ElementaryLow′′, ′′ElementaryHigh′′,
"Pre-Intermediate", "Intermediate", "UpperIntermediate",
"Advanced"}.

For the best representation of the term the range of nu-
merical values of each linguistic variable term is defined.
In this regard, functions from number of standard mem-
bership functions are selected. For example, the first input
variable ("Questionnaire survey 1") is estimated in the in-
terval 0 to 60 (Figure 2).

Rule base of fuzzy productions is essential in fuzzy
modeling. Rules of output is formed as follows:

IF A1 is "bad" and A2 is "very low", THEN R is "Be-
ginner".
IF A1 is "below moderate" and A2 is "low", THEN R
is "Elementary Low".
IF A1 is "excellent" and A2 is "high", THEN R is "Ad-
vanced".

Figure 3 shows the fuzzy inference surface obtainedon
the basis of the developed training model, adapted to the
student model in MATLAB environment.

The process of fuzzy modeling gives an analysis of the
of fuzzy inference results for different values of the input
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Figure 9: Visualization of the input variables into the output

variables in order to determine adequacy of the developed
fuzzy model. Figure 4 shows a fuzzy model of PIV train-
ing level classification to choose an appropriate learning
course.

According to the results, it is apparent that the PIV’s
training level is Pre-Intermediate. The obtained data is
registered into the database. After studying a particular
course at the selected level, PIV do a test, re- sults of which
are analyzed, i.e. learning outcomeswith the use of neuro-
fuzzy network are predicted.

5 Discussions
The research and numerous publications on this subject
demonstrate the relevance of the intellectual development
of innovative distance learning technology for people with
disabilities, including the visually impaired. The devel-
oped innovative intellectual technology of distance learn-
ing for people with impaired vision has number of advan-
tages. Cognitive approach is applied to identify physiologi-
cal, intellectual and psychophysiological features of infor-
mation perception and understanding by PIV. Data sub-
mission and position of information on themonitor screen

are considered depending on eye disease. Preferable area
of information arrangement on the screen at various vi-
sual impairments (myopia, hypermetropia) and in residual
vision is determined. There is possibility to choose color
schemes that are most appropriate for people with various
eye diseases. Adaptation of the leaners model to the train-
ing model by means of fuzzy logic is carried out.

6 Conclusions
Thus, when developing the DL innovative intellectual
technology for PIV, the use of cognitive approach is es-
sential in order to account PIV’s physiological and psy-
chophysiological features of perception and understand-
ing of educational information. The study of PIV’s visual
system features gives the chance of comprehensive ap-
proach to the organization of effective distance learning
process, contributes to successful development of neces-
sary skills to develop new information technologies and
PIV adaptation in modern society.

Certificate of State registration of rights to the object
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