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Abstract 
This paper inspired by simulation by Artificial Neural Networks (ANNs) applied recently for 
evaluation of phonics methodology to teach children "how to read". A novel approach for teaching a 
mathematical topic using a computer aided learning (CAL) package applied at educational field (a 
children classroom). Interesting practical results obtained after field application of suggested CAL 
package with and without associated teacher's voice. Presented study highly recommends application 
of a novel teaching trend based on behaviorism and individuals' learning styles. That is to improve 
quality of children mathematical learning performance. 
Keywords: Artificial Neural Networks, Learning Performance Evaluation, Computer Aided Learning, 
Long Division Process, Associative Memory.    
 
 1. Introduction   
It is announced (in U.S.A.) that last decade (1990-2000) named as Decade of the brain [1]. 
Accordingly, neural network theorists as well as neurobiologists and educationalists have focused their 
attention on making interdisciplinary contributions to investigate essential brain functions (learning 
and memory). Recently, Artificial Neural Networks (ANNs) combined with neuroscience considered 
as an interdisciplinary research direction for optimal teaching children methodology how to read. This 
direction motivated by a great debate given at, [2] as researches at fields of psychology and linguistic 
were continuously cooperating in searching for optimal methodology which supported by educational 
field results.  Nevertheless,  during  last decade phonics methodology is replaced –at many schools in 
U.S.A.- by other  guided reading methods that  performed  by  literature  based activities [3] . More 
recently, promising field results are obtained [4] that support optimality of phonics methodology for 
solving learning/teaching issue "how to read?" [5-6]. Additionally, recent mathematical modeling for 
phonics methodology has been presented in details, [7]. Herein, this optimal approach adopted for 
improving teaching/ learning performance of a mathematical topic to children of about 11 years age. 
The suggested mathematical topic is teaching children algorithmic process for performing long 
division. Specifically for two arbitrary integer numbers chosen in a random manner (each composed of 
some number of digits). By detail, adopted principal algorithm for applied Computer Aided Learning 
(CAL) package consisted of five steps follows. Divide, Multiply, Subtract, Bring Down, and repeat (if 
necessary), [8]. For more details about recent view concerned with the effect of information 
technology computer (ITC) on mathematical education, it is advised referring to, [9]. The rest of this 
paper is organized as follows. At next section, a basic interactive educational model is presented with 
a generalized block diagram. Obtained results after application of suggested CAL package at the case 
study at next third section, in addition obtained simulation results. At the last forth section some 
interesting conclusions in addition to suggestions for future work are presented. Finally, an Appendix 
is given for simplified flow chart of adopted CAL package.   
 
2. Basic Leaning/Teaching Model   
Generally, practical performing of learning process - from neurophysiologic P.O.V. - utilises two basic 
and essential cognitive functions. Both functions are required to perform efficiently learning / teaching 
interactive process in accordance with behaviourism, [10-12], as follows. Firstly, pattern 
classification/recognition function based on visual/audible interactive signals stimulated by CAL 
packages. Secondly, associative memory function is used which is originally based on classical 
conditioning motivated by Hebbian learning rule. Referring to Fig.1 shown in below, the illustrated 
teaching model is well qualified to perform simulation of above mentioned brain functions. Inputs to 
the neural network learning model at that Figure, are provided by environmental stimuli (unsupervised 
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learning).The correction signal for the case of learning with a teacher is given by responses outputs of 
the model will be evaluated by either the environmental conditions (unsupervised learning) or by the 
teacher. Finally, the tutor plays a role in improving the input data (stimulating learning pattern), by 
reducing noise and redundancy of model pattern input. That is according to tutor’s experience, he 
provides the model with clear data by maximizing its signal to noise ratio. However, that is not our 
case which is based upon unsupervised Hebbian self-organized (autonomous) learning, [13-14]. 
Details of mathematical formulation describing memory association between auditory and visual 
signals are given at,[7].  

                                           
Fig.1: Illustrates a general view for interactive educational process, adapted from [6]. 

  
3. Results  
The results obtained after performing practical experimental work in classroom (case study) is shown 
at next subsection 3.1. Additionally, at subsection 3.2 realistic simulation results are introduced. 
Interestingly, it is clear that both obtained results (practical and simulation) are well in agreement and 
supporting each other. 
 
3.1 Case Study Results 
A learning style is a relatively stable and consistent set of strategies that an individual prefers to use 
when engaged in learning [15-16]. Herein, our practical application (case study) adopts one of these 
strategies namely acquiring learning information through two sensory organs (student eyes and ears). 
In other words, seen and heard (visual and audible) interactive signals are acquired by student's 
sensory organs either through his teacher or considering CAL packages (with or without teacher's 
voice). Practically, children are classified in three groups in according to their diverse learning styles 
(preferences). 
The two tables (Table.1 & Table.2) given in below illustrate obtained practical results after performing 
three different learning experiments. At table.1, illustrated results are classified in accordance with 
different students' learning styles following three teaching methodologies. Firstly, the classical 
learning style is carried out by students-teacher interactive in the classroom. Secondly, learning is 
taken place using a suggested software learning package without teacher’s voice association. The last 
experiment is carried out using CAL package that is associated with teacher's voice. This table gives 
children's achievements (obtained marks) considering that maximum mark is 100. The statistical 
analysis of all three experimental marking results is given in details at Table.2 shown in below. 
 
 

Table.1: Illustrates students’ marks after performing three educational experiments. 

 
 
 

Classical 
Learning 35 43 29 50 37 17 10 60 20 48 15 55 40 8 20 
CAL without 
Voice 39 29 52 60 50 68 62 30 55 42 40 59 48 70 2 
CAL with 
Voice 65 70 50 75 45 50 62 90 85 50 80 90 58 55 60 
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Teaching  
Methodology 

Students' 
average  
Achievement 
score (M) 

Variance 
σ  

Standard 
deviation

σ  

Coefficient of 
variation 

ρ = σ / M  

Improvem
ent   
of teaching 
Quality  

Classical 32.46 265.32 16.28 0.50 - 
CAL 
(without tutor's 
voice) 46.80 297.49 17.24 0.36 44.1% 
CAL 
(with tutor's 
voice) 64.33 283.42 16.83 0.26 98.2% 

Table.2: Illustrates statistical analysis of above obtained children's marks. 
 
3.2 Simulation Results 
The suggested ANN model adapted from realistic learning simulation model given at [6] with 
considering various learning rate values. It is worthy to note that learning rate value associated to CAL 
with teacher's voice proved to be higher than CAL without voice. Simulation curves at Fig.2 illustrate 
statistical comparison for two learning processes with two different learning rates. The lower learning 
rate (η = 0.1) may be relevant for simulating classical learning process. However, higher learning rate 
(η = 0.5) could be analogously considered to indicate (approximately) the case of CAL process applied 
without teacher's voice. 

 
 
Fig.2 Illustrates Simulation results presented by statistical distribution for children's (students) 
achievements versus the frequency of occurrence for various achievements values, at different learning 
rate values (η = 0.1& η = 0.5). 
 

Learning 
Rate 
value 
 

Children's average  
Achievement score 
(M) 

Variance 
σ  

Standard 

deviation σ  

Coefficient of 
variation 

ρ = σ / M 

Improvement 
of teaching 
Quality  

η=0.1 42 428.5 20.7 0.61 - 

η=0.5 64 918.1 30.3 0.47 66% 
 

Table 3:  Illustration of simulation results for different learning rate values η. 
 
4. Conclusion  
This paper comes to two interesting conclusive remarks given as follows: 
� Evaluation of any CAL package quality is measured after statistical analysis of educational field 

results. So, above suggested strategy provides specialists in educational field with fair unbiased 
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judgment for any CAL package. That is by comparing statistical analysis of simulation results 
with natural analysis of individual differences obtained in by practice.  

� After practical application of our suggested multimedia CAL package (case study), interesting 
results obtained considering diverse individuals' learning styles. Obtained results are depending 
only upon two cognitive sensory systems (visual and/or audible) while performing learning 
process.  

� Consequently, by future application of virtual realty technique in learning process will add one 
more sensory system (tactile) contributing in learning process. So, adding of the third sensory 
(tactile system) means being more promising for giving more additive value for learning/teaching 
effectiveness. Finally, for future modification of suggested CAL package measurement of time 
learning parameter will be promising for more elaborate measurement of learning performance in 
practical educational field (classroom) application. This parameter is recommended for 
educational field practice, [17] as well as for recently suggested measuring of e-learning systems 
performance [18].  

 
Acknowledgment 
The authors of this manuscript are very thankful to Mr. Ali.A..Almusa and Mr.Saeed S.Albishry: Top 
managers of Safa private schools at the East Province in K.S.A., for their great encouragement during 
preparation and  practical testing of our manuscript concepts. Also a great thanks to Eng. Mohammed 
H. Kortam, and Mr. Sameh S. Badawy. staff members at Safa  private schools for their great effort and 
practical support in field during educational experiments work. 
 
References 
[1]. White House OSTP Issues Decade of the Brain Report, Maximizing Human Potential: 1990-

2000.  
[2]. Jeanne S. Chall, 1996. Learning to read, the great debate. Harcourt Brace.  
[3]. Keith Rayner, et al. 2001: How Psychological Science Informs the Teaching of Reading, 

Psychological Science in Public interest. Vol. 2, No. 2, 31-74  
[4]. Keith Rayner, Barbara R. Foorman, Charles A. Perfetti, David Pesetsky, Mark S. Seiedenberg 

2003: How Should Reading Be Taught?. Majallat Aloloom, volume 19, number 6/7 4-11,  
[5]. Hassan , H.M. 2005 :On Mathematical Analysis, And Evaluation of Phonics Method for 

Teaching of Reading Using Artificial Neural Network Models. published at SIMMOD , Jan.17-
19 , pp 254-262  

[6]. H.M.Hassan , Ayoub Al-Hamadi, and  Saleh Al-Saleem  "Towards Evaluation of Phonics 
Method for Teaching of Reading Using Artificial Neural Networks (A Cognitive Modeling 
Approach)" Published at IEEE Symposium on Signal Processing and Information Technology 
 Seventh Symposium, Cairo 2007.  

[7]. H.M.Hassan, and Saleh Al-Saleem "On Artificial Neural Network Application for Modeling of 
Teaching Reading Using Phonics Methodology (Mathematical Approach)", published at the 6th 
International Conference on Electrical Engineering, ICEENG 2008, M.T.C., Cairo, Egypt.   

[8]. Iteractive practice with long division with no decimals:Daisy Maths - Long 
Divisionhttp//Argyll.epsb.ca /jreed/ extras / longdiv /  

[9]. A. Balderas "The influence of information technology in the daily work of  mathematics 
teachers" http://nti.educa.rcanaria.es/usr/matematicas/revistas.htm (28/12/98). 
balderas@sunserver.uaq.mx  

[10]. Hassan H. and Watany M. "On Mathematical Analysis of Pavlovian Conditioning Learning 
Process using Artificial Neural Network Model”, 10th Mediterranean Electro technical 
Conference, 2000,Cyprus. 

[11]. Hassan H. and Watany M., 2003: On Comparative Evaluation And Analogy For Pavlovian And 
Throndikian Psycho-Learning Experimental Processes Using Bioinformatics Modelling, AUEJ, 
6,3, 424-432.  

[12]. Pavlov, I.P 1927: Conditional Reflex, An Investigation of The Psychological Activity of the 
Cerebral Cortex, New York, Oxford University press.  

[13]. Haykin S., Neural Networks, Englewood Cliffs, NJ: Prentice-Hall, 1999  
[14]. D.O. Hebb, “The organization of behaviour”, Wiley, New York (1949).  



 435

[15]. MacKeracher, D.  "Styles in Learning“This article is based on a similar chapter which appears 
in Making Sense of Adult Learning (2nd edition), by Dorothy MacKeracher (2004, University 
of Toronto Press). MacKeracher, D. (2004) Making sense of adult learning (2nd edition) 
Toronto Press.  

[16]. Keefe, J.W. (1987) Learning style theory and practice. Reston, VA: National Association of 
Secondary School Principals.  

[17]. Mousa A.A. et.al. “Lectures on Education”, Psycho-educational Department, College of 
Education Zagazig University, Benha branch 1992, pp.90-110, and references therein.  

[18]. H.M.Hassan, "On  Simulation of E-learning  Convergence Time Using Artificial Neural 
Networks"  to be published at the 7th International Conference on Education and Information 
Systems, Technologies and Applications (EISTA) to be held in Orlando, USA, on July 10-13, 
2009.  

 
APPENDIX  

StartEnter Arbitrary number of examples

Input 7 random numbers (Digits)

Divisor Dividend

Is there exist anymore digit to 
bring it down?

Is total number of examples 
Count= M ?

Division

Multiplication

Subtraction

D
iv

is
io

n,
 M

ul
tip

lic
at

io
n 

an
d 

S
ub

tr
ac

tio
n 

(D
M

S
 L

O
O

P
S

)

Generate another 7 
random numbers (Digits) Write quotient and remainder

Divide Dividend by Divisor

Multiply Divisor by Answer

Subtract two Digits

Bring down next Digit

yes

no

no yesM=M+1 End

StartEnter Arbitrary number of examples

Input 7 random numbers (Digits)

Divisor Dividend

Is there exist anymore digit to 
bring it down?

Is total number of examples 
Count= M ?

Division

Multiplication

Subtraction

D
iv

is
io

n,
 M

ul
tip

lic
at

io
n 

an
d 

S
ub

tr
ac

tio
n 

(D
M

S
 L

O
O

P
S

)

Generate another 7 
random numbers (Digits) Write quotient and remainder

Divide Dividend by Divisor

Multiply Divisor by Answer

Subtract two Digits

Bring down next Digit

yes

no

no yesM=M+1 End

  
The shown figure in the above illustrates a simplified macro-flowchart describing briefly algorithmic 
steps for CAL package designed under supervision of this manuscript's authors,(by Eng. Mohammed 
H. Kortam). That is according to above long division principles given at above reference [8]. 
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