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Abstract

Background and objective: The aim of this study is proposing an intelligent model for diagnosis and classification of learning disabilities based
on machine learning methods and artificial neural network. Learning disabilities are among the most important and the most complex disabilities
in the field of exceptional children's education. Exceptional education is an important area to which computer systems have contributed. Perhaps
the first step in the education of exceptional children is the identification and classification of problems that these children face. A lot of research
has been carried out regarding the use of machine learning techniques and artificial intelligence in the diagnosis and classification of learning
disabilities. Reviewing of related works shows that machine learning techniques and expert systems are helpful to teachers and exceptional
education’s specialists. Due to complex nature of and large number of learning disabilities, experts find it difficult to diagnose and classify
learning disabilities without the help of computers. Insufficient number of experts raises work pressure and diagnosis delaying. Delaying in
learning disabilities diagnosis causes various problems in learning disabilities treatment. The diversity and extent of learning disabilities and
insufficient number of experts make an expert system necessary for the diagnosis and classification learning disabilities of children.

Methods: In this research firstly, the necessity to develop an expert system for classifying learning disabilities is discussed. Then with reviewing
related works, strengths and weaknesses of each model is expressed. Digital signal processing, digital image processing and machine learning
are the most cited methods used for learning disabilities classification in previous research. A review of the literature shows that models based
on digital signal processing and digital image processing could not be used for this purpose because they are costly and require controlled
conditions for analysis of digital signals and digital images. However, models based on digital signal processing and image processing are highly
accurate. Models based on machine learning and artificial intelligence methods are also highly accurate. In addition, results show models based
on artificial intelligence are less costly than models based on digital signal processing and image processing. Therefore, models based on machine
learning methods are more appropriate than models based on digital signal processing and image processing for application systems. Artificial
neural network could classify learning disabilities with an accuracy of over 85%.

Results: Results show that by using genetic algorithm for feature selection the accuracy of classification can be improved. In addition, by using
fuzzy logic system researchers can extract rules of classification.

Conclusion: A hybrid intelligent model based on artificial intelligence and machine-learning methods using the strengths of previous models is
proposed. The proposed model uses genetic algorithm for feature selection from among a set of features that have the highest impact in
classification extracting. In the proposed model learning disabilities are classified with an artificial neural network. This model uses a fuzzy logic
system to extracts rules of classification intelligently. The proposed model is highly accurate in classification and implementation simplicity.
Finally, implementation of proposed model is explained.
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7. Machine Learning
8. Expert Systems
9. Rules

10. Facts

11. Knowledge Base
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1. Learning Disabilities

2. Wechsler Intelligence Scale for Children-Forth Edition
3. Stanford-Binet Intelligence Scale

4. Woodcock-Johnson Psychoeducational Battery

5. Kaufman Assessment Battery for Children

6. Artificial Intelligent
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Dyscalculia

Rule-5: IF low in of reading, comprehension, perception,
word problem, spelling, essay THEN Dyslexia and
Dysgraphia

Rule -6: IF low in of reading, comprehension,
perception, solve, mental sums, word problems, sums
related to time, calendar and money THEN Dyslexia and
Dyscalculia

Rule -7: IF low in of spelling, comprehension essay,
solve, mental sums, word problems, sums related to time,
calendar, money THEN Dysgraphia and Dyscalculia

S5 Gl gt 5 (£ 5o smae GadSd LS5 L Js )
3315 b O sipaes 4 (6 500 IV ades US55 il 5
w35 sasolis Jde cpl e tolel Sl sdelamnse pols pizean
S ol 3 Jue ol o el (dai b 5 aseis 55 ol YL
Slonih 5 Gasts 5o 1) 20 pde S D S e Sl
NCIW PR AR VL IR VY

3ASaI)l s Say 5 adde cw) o topdon b gy colae 5 Llgs
5 I il psmes ladis S esliud das e 0lEs S
LS s Bk ) Gl G 3 5eaS S5k g0 ppead Al
S et Sl S8 Slacys siows 5 Jbs slawyja blgy oS,
IS 33132 s S 31 015 g lin (5318
Sladdhs oy 513 S ealinl o5 gadids (oLl Sl e 2 seas 5
e ol Gedle Sk 5 (eae En SSESS s
posde 0,5 s Ol e L g ool S eslind o Al s
5o L S s JShe (Ll (5555 35S IS alS
35150 S ) paots 235 Jlne g Sla gy 53 LS s b
w5 Ja s Saaladl 3550 35140 JST 4 ek osls jaseis S
s Ll das e 0lis @sdS Sladns ) p ol 0l
lay s OWSEe (pl Sduaib o o cds Gl esas
s d Ao A0 Vb codbse suasplil S o re
O sapai b )3 doy38e 5 (L IS Lasels 53 o san
Ol S5 oy s Sl eslia b o8l S5 s L(VF)
Sl 5 50 Gl et (3L s (65535 ladds 4
53 Al ook gl B Gl ghuarl (lE sl
G e s 5 S5 0y S 1 iy sla e ) pliSn
s bl (50 Gl S sl 0l o3l o2 LS s
G ossd o Col gl L;):f/)lfs\f phe 5 Sl Ools8 C\Jée:wal 3
G533 sladde S5 0y S o gts (SLapimns <Kol 15 e
Syl (il B oiSrl Sl (s Ol 5o LAOT 31 0I5 s
oo U ol odd onw (5lgning Jde 53 cpl by 65 STaslanal 50
Tl (Sl G duaih 5 et Covpas
Al OBl dadsa @) 50 55 (158

35008 K03 aalyz ) ok Xobe 33 010l s okt Jas
il o8 Gl sladds GRS 0y ppe

Rule-1: IF difficulty with reading=NO, difficulty with
attention=NO THEN Learning Disability=NO

Rule-2: IF difficulty with reading=NO, difficulty with
attention=YES, difficulty with higher arithmetic
skills=YES THEN Learning Disability=YES

Rule-3: IF difficulty with reading=NO, difficulty with
attention=YES, difficulty with higher arithmetic
skills=NO THEN Learning Disability=NO

Rule-4: IF difficulty with reading=YES, difficulty with
basic arithmetic skills=NO, difficulty learning a
subject=NO, does not like schools=NO THEN Learning
Disability=NO

Rule-5: IF difficulty with reading=YES, difficulty with
basic arithmetic skills=NO, difficulty learning a
subject=YES THEN Learning Disability=YES
Rule-6: IF difficulty with reading=YES, difficulty with
basic arithmetic skills=NO, difficulty learning a
subject=NO, does not like school=YES THEN Learning
Disability=YES
Rule-7: IF difficulty with reading=YES, difficulty with
basic  arithmetic ~ skills=YES = THEN Learning
Disability=YES
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Rule-1: IF score low in essay, reading, comprehension,
spelling, perception, solve, word problems, mental sums,
time, money THEN Dyslexia, Dysgraphia and
Dyscalculia
Rule-2: IF low in of reading, comprehension, perception,
word problem THEN Dyslexia
Rule-3: IF low in of spelling, comprehension, essay
THEN Dysgraphia
Rule-4: IF low in of solve, mental sums, word problems,
sums related to time, calendar, money THEN

1. Fuzzy Logic
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