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Abstract 
Objective: To discuss a method to establish a three-dimensional model of healthy human knee 
joint, which can be used for further knee joint biomechanics analysis and simulation. Methods: CT 
scan and medical image three-dimensional reconstruction software (Mimics) were used to obtain the 
knee joint three-dimensional finite element model (FEM) according to reverse engineering theory. 
Results: FEM of knee joint with complete bone structure was established by Mimics. Conclusion: 
Three-dimensional FEM was established according to CT images exports as IGES file. The model 
can be used for knee joint biomechanics finite element analysis to provide references and propos- 
als for the clinical diagnoses of knee joint illness, and the design of artificial knee joint prosthesis. 

 
Keywords 
Knee Joint, Mimics, Three-Dimensional Model 

 
 

1. Introduction 
With the weight-bearing and motor function, knee joint is the most complex joint in human body. It is easily 
hurt or caught various diseases due to the mechanical environment and movement condition it is located. With 
the fastest-ageing society on earth, osteoarthritis and other diseases related will be a hot spot and it will affect 
people’s life standard. Reinforcing the research capacity has a magnificent meaning for improving elder 
people’s living quality. Current studies consider that the mechanism of osteoarthritis no matter caused by sports 
injuries or cartilage failure is the improper stress distribution in the joint [1]-[4]. It is hard to explain the me-
chanism of stress transfer and distribution by traditional biomechanics research. With the assistance of finite 
element analysis, we can stimulate movement of joint in various conditions, and by this way we can acknowl-
edge the stress distribution in different parts. To establish a relatively complete finite element model of the 
health human knee joint with proper mechanical properties and anatomy structure is the basis for further re-
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search and provides a digital experiment platform for repeated stimulation. In this paper, we introduce a method 
to establish three-dimensional finite element model of human knee joint based on CT images and conduct a sim-
ple analysis on the model to verify its accuracy. The main procedure of our research is shown in Figure 1. This 
process is somewhat like 3-D printing technology that both are the procedure of 3-D model reestablishment. 
While 3-D printing is to rebuild a real object according to the digital data, the model established in this essay is 
stored as electronic document available for knee joint finite element analysis. 

2. Materials and Methods 
2.1. Devices and Software 
Computer (CPU: Intel® Core™ i5-2430 2.40 GHz*2, RAM: 8.00 GB, GPU: GT-540M, OS: win7), CT images, 
Mimics medical image three-dimensional rebuilding software, Ansys 11.0 finite element analysis software. The 
CT images come from the database of visible human project of the US national library of medicine. 800 1 mm 
scanned healthy woman lower limbs CT images were downloaded as Dicom format. Mimics was programmed 
in 1992 and widely used in digital medical field. The initial propose was to apply CT scan images in rapid pro-
totyping manufacturing. With the growing improvement, it is now widely used in Computer-Aided Mechanical 
Engineering, including medical three-dimensional modeling based on medical images, computer-aided design, 
finite element and hydromechanics analysis, rapid prototyping manufacturing, visual operation planning, anth-
ropotomy measurement analysis, etc. Ansys is a powerful engineering stimulation software widely used in many 
fields including structural mechanics, multiphysics, fluid dynamics, explicit dynamics, electromagnetics, and 
hydrodynamics. 

2.2. Experiment Method 
1) Input the data of the model: import the 800 Dicom CT images to Mimics. Original axial view, coronal 

plane and vertical plane from the scanned data was observed as Figure 2. 
2) Rebuild the three-dimensional model: image thresholding segmentation was the first step of the modeling 

procedure and mask was obtained. Since it is the knee joint that need modeling, we selected the object region by 
“region growing” in the toolbar, shown as Figure 3, distal femur, patella, tibial plateau of the right leg was se-
lected. The default gray value of the bone is only reference, the auto generated mask may not cover all the bone 
in the region. There would be a lot of small cracks, bumps and pits, shown as Figure 4. We need to modify the 
mask until all the area is covered completely. At last “smooth object” option was used to optimize the model 
produced, the knee joint model is shown as Figure 5. 

3) Preliminary treatment of the finite element analysis: before the analysis, the model needed to be meshed to 
finite element grid model, this was obtained by FEA module in Mimics. The grid was optimized by remesh 
module. The finite element model (Figure 6) was obtained for further research. 

4) Apply material properties to the model: 
The parameters in Table 1 were preferred from previous literature [5]. 
5) Loads and boundary conditions: approximately 40% of the body weight is applied to each knee when 

standing. In this paper, we consume the total weight is 60 Kg, so 235 N was applied on the mechanical axis of  
 

 
Figure 1. Research procedure.     
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Figure 2. Lower limbs tomoscan.                                          

 

 
Figure 3. Region selected.                                                 

 

 
Figure 4. Flaw of the original model.                                         

 

 
Figure 5. Model after optimization.                                            



Z. Y. Liu, F. Z. Wang 
 

 
4 

 
Figure 6. The gridded tibial plateau.                                          

 
Table 1. Material properties of the components of the knee joint model.                     

Material Young’s modulus (MPa) Poisson’s radio (μ) 

Femur 12,000 0.3 

Tibia 6900 0.49 

Patella 12,000 0.3 

 
the top femur. The boundary condition was set that tibia and femur were kept fixed in all direction. The model 
was solved by Ansys 11.0. 

3. Results 
In this paper, we established the model of a healthy human knee joint, and conducted biomechanics analysis to it. 
Figure 7 shows the Von Mises stress distribution of the tibial plateau. 

Von Mises stress was chosen to evaluate the stress index in this analysis. It is a combined stress defined ac-
cording to the 4th strength theory reflecting the average stress level each dot inside the material, and one of the 
most objective indices in finite element analysis [5]. The maximum of the Mises stress locates in the contact re-
gion of femoral condyle and tibial plateau. The maximum stress is 25 MPa at the edge of the tibial plateau. The 
result is corresponded with clinical cases that injury of inner side meniscus and tibial plateau is more common 
and the maximum of the Von Mises stress accord with other researches [6]. This means that the model estab-
lished can be used to present the authentic status of human knee joint. 

4. Discussion 
In this research, we built the knee joint model including distal femur, patella, and tibial plateau precisely based 
on the CT images of human lower limbs. This method can be used to establish knee joint model fast and accu-
rately, and the file is suitable to directly transfer to finite element analysis software (Ansys) for biomechanics 
simulation.  

However, the soft tissue of the knee joint (ligament, joint capsule, synovial fluid, etc.) was not obtained. This 
is due to the fact that CT image cannot provide the soft tissue outline as clear as the bone tissue [7]. To accom-
plish this part, one way is to depict the soft tissue according to the anatomy structure of knee joint on the CT-   
conducted model which may contribute to the untruthfulness of the model because of the lack of accuracy. 
Another method is to use MRI image which can show soft tissue clearly [8]. We will integrate our present work 
with MRI image in the future. 

Model with intact knee joint structure can be used in the further finite element analysis to simulate knee joint 
under certain conditions and the information obtained is beneficial to knee arthropathy diagnosis and knee pros-
thesis design [9]. The advantages of finite element analysis are evident that the model can be tested constantly, 
the cost is lower than traditional research, and most importantly it can reveal the inner interaction of knee joint 
such as the stress distribution of the surface of the tibial plateau in different gaits. These are all problems that  
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Figure 7. The Von Mises stress distribution of the tibial plateau. 

 
traditional specimen test and clinical research cannot solve. Since 1960s, finite element method has widely ap-
plied in biomechanics analysis. It had successfully utilized in hip joint, knee joint, spine, shoulder, etc. [10]. The 
finite element analysis is a strong addition and useful tool in the study of biomechanics and it will become the 
development trend in the future. 
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Abstract 
Making events recognition more reliable under complex environment is one of the most important 
challenges for the intelligent recognition system to the ticket gate in the urban rapid rail transit. 
The motion objects passing through the ticket gate could be described as a series of moving se-
quences got by sensors that located in the walkway side of the ticket gate. This paper presents a 
robust method to detect some classes of events of ticket gate in the urban rapid rail transit. Dif-
fused reflectance infrared sensors are used to collect signals. In this paper, the motion objects are 
here referred to passenger(s) or (and) luggage(s), for which are of frequent occurrences in the 
ticket gate of the urban railway traffic. Specifically, this paper makes two main contributions: 1) 
The proposed recognition method could be used to identify several events, including the event of 
one person passing through the ticket gate, the event of two consecutive passengers passing 
through the ticket gate without a big gap between them, and the event of a passenger walking 
through the ticket gate pulling a suitcase; 2) The moving time sequence matrix is transformed into 
a one-dimensional vector as the feature descriptor. Deep learning (DL), back propagation neural 
network (BP), and support vector machine (SVM) are applied to recognize the events respectively. 
BP has been proved to have a higher recognition rate compared to other methods. In order to im-
plement the three algorithms, a data set is built which includes 150 samples of all kinds of events 
from the practical tests. Experiments show the effectiveness of the proposed methods. 
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1. Introduction 
The automatic fare collection (AFC) system has received a great deal of attention from the industrial and scien-
tific communities over the past several decades owing to its wide range of applications in preventing stealing a 
ride, access control, law enforcement, etc. Obviously, it is a significant value study in the intelligent recognition 
system. Especially in the urban rapid rail transit, the fare evasion phenomenon is coming to rampant. The main 
difficulty of recognition of these events is that there are many ways for passengers to pass through the walkway 
of the ticket gate. For example, people can walk through the walkway without anything or pulling a suitcase; 
two walking passengers also can pass through the walkway closely to each other for a fare evasion. However, as 
far as I know, few researches have been reported on this problem. Since 1970s, Samsung [1], Gun Nebo [2], 
Nippon Signal [3], and Omron [4] have successively set up their AFC systems. However, intelligence recogni-
tion system was hardly found in their product, or merely equipped with few simple recognition functions. Quri 
[5] presented a recognition algorithm based on event driven. In that paper, the method combines event recogni-
tion technology, human gait recognition technology and human body contour recognition technology. But this 
method has somewhat difficulty in dealing with the transit without a big gap between two walking passengers. 
The relatively low recognition rate (85%) is also far from the requirement of market. In order to improve the 
recognition rate, a novel method is proposed. 

This paper focuses mainly on the issue of a robust recognition to several events of ticket gate in the urban 
rapid rail transit. According to the actual conditions, as shown in Figure 1, three types of events are discussed. 

The overall process of recognition system can be viewed as a pipeline as shown in Figure 2. A single-chip 
microcomputer is used to collect signals sent by infrared sensors and communicate with an upper computer. 
During motion objects passing through the walkway, the measurement data from infrared sensors would be 
combined into a vector according to time order, as shown in Figure 5. The vector as the feature descriptor 
makes the characteristics of events more manifest. All feature descriptors of different events are used to train the  
 

     
(a) One person                           (b) With handbag and knapsack 

     
(c) Two consecutive people                            (d) With a suitcase 

Figure 1. Events defined in this paper: (a) One person without anything walking through the ticket gate; (b) 
One person with handbag and knapsack walking through the ticket gate; (c) Two consecutive passengers pass-
ing through the ticket gate without a big gap between them; (d) A passenger walking through the ticket gate 
pulling a suitcase. Note that situations described in (a) and (b) are defined into event of one person passing 
through the ticket gate in this paper; situation described in (c) is defined into event of two consecutive passen-
gers passing through the ticket gate without a big gap between them; situation described in (d) is defined into 
event of a passenger walking through the ticket gate pulling a suitcase.                                             
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Figure 2. The overall process of recognition system.                                     

 
recognition model. Finally, these recognition models are evaluated on the task of events recognition of ticket 
gate. Various methods [6]-[8] are used to train the recognition model. 

Tripod turnstile gate, slide-stile gate and flap-stile gate are the three main types of ticket gates in the market. 
For slide-stile gate is often used as the preferred ticket gate, in this paper, it will be selected as the main research 
object. The rest of the paper is organized as follows. Section 2 introduces a topological graph of the sensors-  
array scheme. Section 3 presents a data preprocessing process. Section 4 is the design of recognition. Section 5 
shows experimental results, and Section 6 is a conclusion. 

2. Topological Graph of Sensors-Array 
Eight diffuse reflectance infrared sensors are used to detect the movement sequence of the motion objects in the 
recognition system. All of the sensors are arranged in an array which we call sensors-array. For every diffuse 
reflectance infrared sensor, its emitter is integrated with its receiver. When no motion objects detected by a sen-
sor, its output value is 1 (high level signal), otherwise, its output value is 0 (low level signal). 

All of the diffuse reflectance infrared sensors are situated in the walkway side of the ticket gate in this paper. 
As shown in Figure 3, the walkway of the ticket gate is divided into three zones, which are defined as import 
area, gait detection area, export area. 

Import area and Export area are used for charging and installing the roller brake respectively, witches are not 
within the scope of this article. 

Gait detection area, No. 1 to No. 8 sensors are 15 cm off the ground, which are used to detect shanks of hu-
man body. Figures 4(a)-(c) describe the movement sequences of one passenger passing through the walk gate, 
two consecutive passengers passing through the ticket gate without a big gap between them, and one passenger 
walking through the walkway pulling a suitcase got by No. 1 to No. 8 sensors respectively, which show a big 
difference both in data representation and data length. As a whole, the data of above event types show a good 
sense of distinction. 

3. Data Preprocessing 
In order to improve the recognition rate, it is very important to maintain the integrity of the data. During one 
passenger passing through the walkway, according to Figure 4, the working stage of No. 1 to No. 8 infrared 
sensors would be represented by a matrix which consists of n rows and 8 columns (every row describes eight 
sensors’ working stage at a point in certain time; every column describes a sensor’s working stage at different 
points in time). Then we translate the matrix into a vector which contains 8 × n elements as the input vector for 
the event representation, as shown in Figure 5. At last, we will unify the input vector to the same length as 
training vector. 

4. Event Feature 
In this section, machine learning is used to identify events. For a good recognition, the machine learning model 
must be robust and efficient. Robustness refers to insensitivity to slight difference within the same event. Effi-
ciency refers to a high identification to different events. Although many machine learning models can be used 
for event identification, the challenge of identifying events is finding a robust and efficient method. In this paper, 
an extensive set of publicly available machine learning models, deep learning (DL), back propagation neural  
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Figure 3. Location of diffuse reflectance infrared sensors.                                         

 

 
(a) One person                   (b) Two consecutive persons                  (c) One person with a suitcase 

Figure 4. Movement sequences of different events defined in this paper got by No. 1 to No. 8 sensors. Red color means sen-
sor detects a motion object, blue color means sensor detects nothing. (a) Movement sequences of one passenger passing 
through the walk gate got by No. 1 to No. 8 sensors; (b) Movement sequences of two consecutive walking passengers pass-
ing through the walk gate without a big gap between them got by No. 1 to No. 8 sensors; (c) Movement sequences of a pas-
senger walking through the walkway pulling a suitcase got by No. 1 to No. 8 sensors.                                            
 
network (BP), support vector machine (SVM), are used to evaluate the effectiveness of solving recognition 
problem respectively. Feature descriptor described in the previous section is put into the learning models as the 
input value. 

4.1. Deep Learning (DL) 
Recently, deep learning (DL) has been the leading technique to learn good information representation that exhi-
bits similar characteristics to that of the mammal brain. It has gained significant interest for building hierarchical 
representations from unlabeled data. A deep architecture consists of feature detector units arranged in multiple 
layers: lower layers detect simple features and feed into higher layers, which in turn detect more complex fea-
tures. In particular, deep belief network (DBN), the most popular approach of deep learning, is a multilayer ge-
nerative model in which each layer encodes statistical dependencies among the units in the layer below, and it  



Y. F. Hou et al. 
 

 
10 

 
Figure 5. Process of data preprocessing.                                             

 
can be trained to maximize (approximately) the likelihood of its training data. A great deal of deep belief net-
work (DBN) models have been proposed so far [6] [9]-[11]. Particularly, the model proposed by Hinton et al. is 
a breakthrough for training deep networks. It can be viewed as a composition of simple learning modules, each 
of which is a Restricted Boltzmann Machine (RBM) that contains a layer of visible units representing observa-
ble data and a layer of hidden units learned to represent features that capture higher-order correlations in the data. 
Today, including machine transliteration [12], hand-written character recognition [9] [13], object recognition 
[14], various visual data analysis tasks [15]-[17] etc., DL have been successfully applied to above applications. 

Restricted Boltzmann Machine (RBM) [13] [18]-[20] is a bipartite, two-layer, undirected graphical model 
consisting of a set of (binary or real-valued) visible units (random variables) v  of dimension D representing 
observable data, and a set of binary hidden units (random variables) h  of dimension K learned to represent 
features that capture higher-order correlations in the observable data. Hidden units jh ∈h  are independent of 
each other when conditioning on v  since there are no direct connections between hidden units. Similarly, the 
visible units iv ∈ v  are also independent of each other when conditioning on h . Figure 6 illustrates the undi-
rected graphical model of an RBM. 

RBM is an energy-based model. We define the energy of joint distribution over the visible and hidden units 
by ( )E ,v h . 

( )
=1 =1 =1 1

E ,
D K K D

i ij j j j i i
i j j i

v w h b h c v
=

= − − −∑∑ ∑ ∑v h                      (1) 

where ijw  is the weight between the visible units iv  and hidden units jh , ic  and jb  are respectively visi-
ble and hidden units bias. 

( ) ( )E ,1, ep
Z

−= v hv h                                        (2) 

( )E ,

,
e

v h
Z −= ∑ v h                                           (3) 

where Z is normalized factor, also known as the partition function. 
The probability that the network assigns to a visible vector v  (training vector), is given by summing over all 

possible hidden vectors: 

( ) ( )E ,1 e .
h

p
Z

−= ∑ v hv                                      (4) 

We can raise the probability that the network assigns to a training vector by adjusting the weights and bias to 
lower the energy of the training vector. The derivative of the log probability of a training vector with respect to a 
weight is surprisingly simple. 
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Figure 6. Undirected graphical model of an RBM.             

 
( )

data model

log
i j i j

ij

p
v h v h

w
∂

= −
∂

v
                              (5) 

where the angle brackets represent expectations under the distribution specified by the subscript that follows. 
data  is the distribution of the training data, and model  is the equilibrium distribution defined by RBM. We 

can get a very simple learning rule for performing stochastic steepest ascent in the log probability of the training 
data: 

( )data modelij i j i jw v h v hξ∆ = −                                (6) 

where ξ  denotes a learning rate. 
DBN is a probabilistic generative model that composed by several layers of hidden variables, in which each 

layer captures high-order-correlations between the activities of hidden features in the layer below. DBN is 
mainly made up by Restricted Boltzmann Machine (RBM) and two adjacent layers of DBN including a RBM, as 
shown in Figure 7; the DBN is composed by three hidden layers 1h , 2h  and 3h , v is the input layer.  

A marked feature of DBN is that to learn a deep hierarchical model we should repeat a greedy layer by layer 
unsupervised training for several times. In 2006, a fast, unsupervised learning algorithm for these deep networks 
is proposed by Hinton et al. [9].  

4.2. Back Propagation Neural Network (BP) 
BP network is basically a gradient decent algorithm designed to minimize the error function in the weights space. 
During training of the neural network, weights are adjusted to decrease the total error. In principle, it has been 
proved that any continuous function can be uniformly approximated by BP network model with one or more 
hidden layer. However, it is not easy to choose the appropriate number of hidden layers because currently there 
is no definite rule to determine it. Using too many hidden layers maybe lead to local optimum and increase 
training time. But using too few hidden layers impairs the neural network and prevents the correctly mapping of 
inputs and outputs. In the next section, we will test the performance of BP with different numbers of hidden layers. 

4.3. Support Vector Machine (SVM) 
Support vector machine (SVM) is a technique developed by Vapnik (1999) [7], which is used to train the clas-
sifiers according to structural risk minimizations concept. SVM has been used in various classification problems 
and pattern recognition field since 90s. 

Data can be classified into two classes (positive and negative) with SVM. Assuming a group of points that 
belong to these two classes, SVM description can be referred as follows: a SVM establishes the hyper plane 
which allocates the majority of points of the same class in the same side, which maximizes the distance between 
the two classes to the hyper plane. Define the optimal separating hyper plane as the distance between one class 
and a hyper plane which is the small distance between the hyper plane and the other points of the same class. 
The hyper plane created by SVM contains a subset of points of these two classes, which we call support vectors.  

Assuming training set { }, 1, ,i iy i k= x , where N∈ℜx  is an N-dimensional input data and { }1, 1y∈ − +  
is the required classification. 

The goal is to estimate a function with the training set that classifies the pairs { },i iyx  which haven’t been 
correctly used yet. The optimal hyperplane is defined by: 

0x b+ =w                                            (7) 
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Figure 7. Deep belief network with three hidden layers h1, h2 and h3.                                                        
 
where nR∈w  is the weight vector and b  is the bias. A vector ix  that labeled as the same class iy  must 
satisfy the follow equation: 

( ) 1 0i iy b+ − ≥wx                                         (8) 

where w  is normal to the hyperplane. The Euclidian distance between these points over the separating margin 
and the hyperplane is determined by Equation (9). 

( ) 1i iy b+
=

wx
w w

                                        (9) 

Thus, for maximizing the separating hyperplane, we should minimize w . The following equation can be 
established with Lagrange multipliers theory. 

( ) ( )2

1

1, , 1
2

N

i i i
i

J b y bα α
=

 = − + − ∑w w wx                             (10) 

where iα  is the Lagrange multiplier. The optimization problem solution is obtained through minimization of 
( ), ,J b αw . 
For nonlinear decision surfaces, the input data generated by machines in a higher dimension space tends to 

decrease computational efforts of the support machines. By introducing variables that enlarge the margin by re-
laxing the linear SVM, to allow a few misclassification errors in the margin, and penalize these errors through 
penalty parameter C  in Equation (12), the not linearly separated problem can be solved. These changes allow 
that the Equation (8) can be violated, or: 

( ) 1i i iy b ζ+ + ≥wx                                      (11) 

where iζ  is non-negative variables associated to each training vector. The cost function can be given by Equa-
tion (12). 

( )
1

1,
2

N

j
j

Cφ ζ ζ
=

= + ∑w w                                  (12) 

where C  is the training parameter that decides the balance between the training error and model complexity, 
which is known by regulating constant. 

A detailed discussion of the computational aspects of SVM can be found in [21] and [22], with many exam-
ples also can be found in [23]-[26]. 

5. Experiment 
We will illustrate the effectiveness of the method by presenting experiments on three events data got by sensors 
1 - 8. The database used in our experiment was constructed by 150 samples (with 50 samples per class). 90 sam-
ples (with 30 samples per class) are used to train DL, BP, SVM and 60 samples (with 20 samples per class) are 
used to test recognition rates. 
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5.1. Experimental Settings 
In this paper, deep learning (DL), neural networks based on error back-propagation algorithms (BP), support 
vector machine (SVM), are used for learning the data respectively. Events of one person with a bag or without 
anything walking through the ticket gate, two consecutive passengers passing through the ticket gate without a 
big gap between them, a passenger walking through the ticket gate pulling a suitcase are defined as event 1, 
event 2, and event 3. The definition of all events refers to the assembly of event 1, event 2 and event 3. The run-
ning environment of experiments is Matlab 2013a. 

5.2. Results for Events Classification 
To aid comparison with previous work, Table 1 summarizes the average recognition rates of the recognition 
system and Quri’s recognition system at a false acceptance rate of 0.1%. Note that the method gives perfect 
recognition results for database build in this paper: DL gives 89.2%, BP gives 92.5%, and SVM gives 90.0%. 
While, limited by the fixed sensors’ position, method proposed in Quri’s paper gets a relatively low recognition 
rate with 85.0%. 

Figure 8 illustrates the recognition performance of recognition manners (DL, BP, SVM) referred in this paper. 
BP gives better performance than DL, SVM overall. All recognition manners got a 100% recognition rate to 
event of one person walking through the ticket gate. While all recognition manners got a relatively low recogni-
tion rate to event of two consecutive passengers passing through the ticket gate without any gap between them. 
While, BP shows a higher recognition rates both in events 3 (100%) and all events referred in this paper (92%), 
with recognition rates of DL and SVM 90%, 89% and 90%, 90%. 
 
Table 1. Average recognition rates obtained with using different recognition methods on database built in this paper. 90 
samples (30 samples per class) are used for training and 60 samples (20 samples per class) are used for test. Note that 
recognition of Quri’s methods is got with his recognition scheme and database defined in his paper.                               

Method 
Average recognition rates 

Test samples/train samples Min Max Average 

Quri [1] - - - 0.850 

DL 60/90 0.833 0.900 0.892 

BP 60/90 0.916 0.933 0.925 

SVM 60/90 0.900 0.900 0.900 

 

 
Figure 8. Recognition performance of methods proposed.                           
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Figure 9. Recognition error rates of BP.                                        

 
In order to have an estimate of the performance of BP with different numbers of hidden layers, we test the 

recognition rate of BP with 1, 3, 4, 5 hidden layers. The results shown in Figure 9 are average recognition error 
rate of BP with 1, 3, 4, 5 hidden layers respectively. The results show that the proposed BP models with 3 hid-
den layers reach a relatively satisfactory recognition rates. In this paper, the BP model contains three hidden 
layers by default. In theory, the more hidden layer neurons are often with more high recognition accuracy. But 
too much of the hidden layer neurons can greatly increase the training time, at the same time, the increase of the 
hidden layer neurons will cause the loss of the tolerance of the network. So the numbers of neurons in 3 hidden 
layers are empirically selected as 500, 400, and 100 respectively in this paper. 

6. Conclusions 
This paper refers to the event recognition technology on the ticket gate in the urban railway traffic. We put for-
ward a recognition manner according to the different moving sequence of various events. The main contribu-
tions are as follows: 1) We integrate the moving sequence matrix to a one-dimensional vector as the feature de-
scriptor. Several recognition algorithms (DL, BP, and SVM) are applied to recognize the events. It has been 
found that BP has a higher recognition rate compared to other methods with 3 hidden layers. 2) Several events 
that often happened in the scene of the ticket gate could be identified effectively in this paper. Experiments 
proved method proposed in this paper have a higher recognition rate. 

Eight sensors are used in the senor-array; the hardware of the intelligent recognition system is very simple and 
inexpensive. Experiments show that the method gets a satisfactory result. 

Moreover, we just provide a new insight into the role of machine learning played in dealing with events rec-
ognition of ticket gate in the urban railway station. More events should be defined in the follow-up study. Also, 
more high recognition accuracy is required in the reality need of engineering. Feature selection or recognition 
system remains an interesting and important research topic in events recognition. 
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Abstract 
In this multidisciplinary study, the main research question was how to improve the value of en-
trepreneurial initiatives that provide the web service of automatic accompaniment to Arab singing. 
As an example and case study, we considered the Mawaweel website that offered an automatic 
accompaniment to Arab vocal improvisation as a main service. After overviewing the website, we 
conducted a survey examining the satisfaction of its visitors in regard to presentation and quality 
of service. It was found that the Mawaweel website had potential to achieve success as the majori-
ty of the 22 respondents expressed general satisfaction after their first visit to the website, with an 
average rate of 75%. However, respondents’ ratings were strict when discussing specific aspects 
about the website presentation and service quality, and the means of average rates were 68.32% 
and 50.23% respectively. The standard deviations of average rates were 15.70% and 19.13%, re-
spectively. This revealed a sense of inhomogeneity in the values of the different aspects of the 
website presentation, and an expanded sense of inhomogeneity in the quality of the different ser-
vices delivered by the website. We then compared the Mawaweel website to other websites and 
proposed specific improvements to the aspects with average rate below 50%. 

 
Keywords 
Music Informatics, Entrepreneurial Web Business, Automatic Accompaniment, Arab Music,  
Survey Research 

 
 

1. Introduction 
The population of the Arab region, occupying most of the Middle East and North Africa, is growing rapidly. 
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According to [1], this should imperatively be accompanied by a powerful economic growth as the population 
will double to reach 800 million by 2050. The reference also added that the arrival of new technologies, the 
opening up of Arab economies, and the capital yielded by oil investments are all factors encouraged the devel-
opment of small and medium enterprises in the Arab region. 

The Arab world internet population is growing much faster. According to [2] and as shown in Table 1, the 
number of internet users grew from 20 million to 77 million in the Middle East and from 34 to 140 million in 
Africa with growth rates of 285% and 311%, respectively. This far exceeds the worldwide growth rate, which is 
96%. These statistics affirm the competence of the web as a promising investment venue for the Arab world. 

The growth of the media and entertainment sector in the Arab world is also impressive. According to [3] and 
as depicted in Figure 1, the spending on media and entertainment doubled between 2003 and 2007 to reach $10 
billion with a compound annual growth rate of 19%. The figure also shows that the total investment in the Arab 
region is still far below the numbers reported in different parts of the world such as China or Germany where the 
total investments are $74 billion and $111 billion, respectively. This means that the Arab region has a huge po-
tential for further growth in this promising industry. All the above-presented statistics affirm the significance of 
this study as we aim at improving the commercial value of an entrepreneurial web-based entertainment initiative 
that is targeted at the Arab people. 

In this multidisciplinary article, we aimed at increasing the traffic and the commercial significance of the 
Mawaweelwebsite [4], as an example of sites offering the service of automatic musical accompaniment to Arab 
singing. As we considered the survey research as an efficient model for measuring costumers’ satisfaction and 
for obtaining their feedback, we overviewed the Mawaweel website, and then we prepared and disseminated a 
survey to a sample of potential users. The survey assessed the users’ level of satisfaction, mainly concerning two 
 
Table 1. Growth of internet users between 2007 and 2012 [2].                                                         

Region 2007 (millions) 2012 (millions) Growth 

Africa 34 140 311% 

Asia 418 1017 143% 

Europe 322 501 56% 

Middle East 20 77 285% 

North America 233 273 17% 

Latin America 110 236 115% 

Oceania 19 24 26% 

Worldwide 1156 2268 96% 

 

 
Figure 1. Spending and growth in media and entertainment [3].                                                          
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sides: website presentation and quality of service. The results showed that the Mawaweel website has the ability 
to succeed, especially if specific improvements are applied to the quality of service, and to the presentation of its 
home page. 

The remaining sections of this article are organized as follows. Literature review is discussed in Section 2. 
The Mawaweel website is overviewed in Section 3. Methodology and work schedule is tackled in Section 4. The 
survey is demonstrated in Section 5 and is discussed in Section 6. Proposed improvements to the website are ex-
plained in Section 7. Finally, in Section 8, we conclude our contribution presented in this article and suggest a 
future work. 

2. Literature Review 
In [5], an analytic hierarchy process was applied to examine the influence of website quality on the performance 
and success of e-business. The authors explored different quality factors and compared their importance in de-
ciding the preference of websites. Results of their study showed that the top business performance is delivered 
by the websites with the top quality. The commercial scenarios of the web were investigated in [6]; two main 
classes of websites were identified: traffic control and destination websites. The former class included search 
engines, incentive websites and malls (websites comprising a pool of online storefronts). The key role of such 
websites is to guide customers to destination websites, including: content websites, web storefronts and virtual 
presence websites. The authors claimed that the marketing purpose is to integrate traffic and destination web-
sites to create and secure recurring visits. 

In [7], an assessment of the process of developing e-business models was performed with focus on on-line 
music and news in Europe. Among the two promising models mentioned in their contribution, was the model 
combining the making, acquisition and virtual dissemination of media content. The influence of language and 
culture on the usability of commercial websites was studied in [8]. It was found that the observed usability grew 
with websites originally written in the users’ mother tongue. 

The use of information and communication technologies (ICT) as a tool to extend the goals of the music edu-
cation curriculum was discussed in [9]. This reference encouraged instructors as well as students’ to benefit of 
the diverse musical opportunities presented by ICT. In [10], it was statistically found that the time period spent 
by students on the website of a particular university module correlates with the students’ performance in that 
module. The educational process in the Irish traditional virtual music community (IrTrad) was investigated in 
[11]. It was found that YouTube videos encouraged heated conversations tackling the different features of the 
videos, such as: value, authenticity and helpfulness in teaching and learning. 

Recently, there have been remarkable efforts in music technology research in Jordan. In [12], music analysis 
software were utilized effectively to enhance teaching and learning expressive Arab singing. In [13] [14], a 
computer toolbox was proposed to improve learning and using Arab woodwinds. The toolbox benefited of a 
melodic music information retrieval model discussed in [15] [16]. In those contributions, as well as in [17], the 
particularity of Arab music was considered when proposing tools and models for woodwinds. Such customized 
research can function as basic building blocks for commercial software serving both the educational and the en-
tertainment industries in the Arab world. 

3. Mawaweel: The Term and the Website 
We clarified the definition of the term Mawaweel in Section 2.1. Then we presented the Mawaweel website and 
application in Section 2.2. 

3.1. The Term 
The classical/traditional vocal improvisation of the Arab region is called in Arabic: Mawwāl (plural: Mawaweel). 
It is a non-metric musical form which is usually related to the narrative poetry. It is usually headed by a brief in-
strumental improvisation as an introductory stage aimed at developing the feeling of “saltanah”, or modal ecsta-
sy. In this musical form, the singer shows her/his expertise and talents whereas the instrumentalists give support 
to her/him. They achieved this by following the singer’s lead throughout every improvised phrase, and by sum-
marizing the phrase upon completion. Besides, the instrumentalists insert their own artistic touches on what they 
follow and recapitulate [18] [19]. The interactivity and liveliness among the improviser, the instrumentalists and 
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the audience are amongst the main reasons for which the Mawwāl form gets much impact and admire on listeners. 

3.2. Website 
Mawaweel is a web application that offers an automatic musical accompaniment to Arab sung improvisation, 
[20]. The website of this application has only one page [4], and it is presented in Figure 2. The page has the 
following layout: a brief guidance on how to use the application is presented on top, just below the title. The 
Mawaweel application (as a web applet) is in the middle of the page. And finally, a hyperlink to examples of 
automatically accompanied improvisations using the Mawaweel application is shown at the bottom of the page, 
with a brief description of its content. 

Using the Mawaweel application, the user may record her/his vocal improvisation before listening to its play-
back with five different ways of accompaniment. The accompaniment ways provided by the Mawaweel web ap-
plication are as follows [20]: 

1) Heterophonic variation of the improvised melody 
The vocal improvisation is accompanied with one instrument playing a heterophonic variation of the vocal 

melody. i.e. the instrument plays the same melody but with a possible slight modification to the onset and dura-
tion of each note. The instrument used in this accompaniment is the qanoun. 

2) Structural notes of the improvised score 
The vocal melody is accompanied with one instrument performing only the main, or structural, notes of the 

improvised melody. This way of accompaniment gives both feelings of continuity and variety. Continuity is 
achieved because the structural notes (usually long or extreme) are always performed, and variety is made be-
cause other less important notes are substituted with silence or prolonged main notes. The instrument used in 
this accompaniment is the violin. 

3) Imitation 
Imitation may be described as a full or partial recurrence of a melody or motivic idea. This way of accompa-

niment is best used to fill up silences among the different vocal figures, or sentences. In the Mawaweel applica-
tion, the imitation may be a shrunk or stretched variety of the performed vocal figure. It may be a full repetition 
of it or a truncated version. Moreover, Imitation may start soon after the end of the vocal figure, or a bit before 
so this gives a feeling of continuity”. 

4) Harmonic accompaniment 
The vocal improvisation is accompanied with piano chords. Three main chords are used with their inversions, 

and utilized according to a formula introduced from flamenco music. This is because flamenco has Arab roots 
and share many things in common with Arab music, such as some scales, intervals, rhythms and ornamentation 
[21]. 
 

 
Figure 2. Snapshot of the homepage of Mawaweel website [4].                                                      
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5) Full ensemble  
This way of accompaniment combines all the previous ways of accompaniment and forms one comprehensive 

way performed by several instruments: qanoun, violin, oud, Nay and piano. The full ensemble accompaniment is 
considered the default way of accompaniment. 

4. Methodology and Work Schedule 
The main approaches followed in this research project were the statistical and analytical. Yet, the work included 
tasks within the descriptive and comparative approaches. The project had four stages; the first was inceptive 
stage in which the Mawaweel website was overviewed. In the second stage, a survey examining the satisfaction 
of the website visitors was prepared and disseminated to potential users. The survey results were discussed and 
improvements to the website were proposed in the third stage. In the last stage, the research outcome was docu-
mented then published. The approximate durations for the four stages were two weeks, two months, three 
months and five months, respectively. The stages, tasks, approaches and durations are all depicted in Table 2. 

5. The Survey 
The Mawaweel website was introduced, thoroughly, as an entertainment site to a sample of potential users be-
fore disseminating a copy of the survey to each of them. The entire number of respondents was 22 from both 
sexes and from different ages and backgrounds. The survey included ten points tackling the presentation and the 
quality of the website. Four points measured the presentation of the contents of the website, and five points 
measured the quality and usefulness of the website. The last point measured the general opinions on the expe-
rience of visiting the Mawaweel website. 

Every respondent was requested to fill a three-part form in which she/he rates several aspects of the website. 
For every aspect, the respondent chooses one out of five available rates: strongly agree, agree, undecided, dis-
agree and strongly disagree. Each of the next three tables shows one or more aspects of the Mawaweel website 
with the rate of each aspect. In every point of each table, a certain aspect is presented together with the ratio of 
respondents selecting each rate, and the average rate of that particular aspect. The average rate signifies the gen-
eral rate of an aspect, and is calculated like this: The rate given by every respondent is translated to a numerical 
value as follows: strongly agree is translated to 100%, agree to 75%, undecided to 50%, disagree to 25% and 
strongly disagree to 0%. The numerical values of the rates gathered from all respondents are then combined and 
divided by the overall number of respondents to get the average rate. 

Table 3 presents the respondents’ views on the presentation of the contents of the website: domain name, 
loading time, design & interactivity and finally the instructing steps to get the musical accompaniment. For 
every aspect, the table displays the ratio of respondents electing each of the five different rates, and the average 
rate of that aspect. The mean and the standard deviation of average rates are also presented in the table. 

Table 4 presents the respondents’ views on five elements measuring the quality and usefulness of the website. 
The elements tackles the following aspects: the quality of the final product (improvisation with musical accom-
paniment), the diversity of accompaniment options, the possibility to save and retrieve the accompaniment and 
its settings, the possibility to use the website for educational purposes, and finally, the comprehensiveness of 
website usability to everybody. Every element is displayed with its average rate and the ratio of respondents 
electing each of the five different rates. 
 
Table 2. Tasks, approaches and duration for each stage of this project.                                                   

N. Stage Task Approach Duration 

1 Inceptive stage  Overviewing Mawaweel website: presentation & quality of service. Descriptive Two weeks 

2 Survey 
handling 

 Preparing a survey examining visitors’ satisfaction. 
 Disseminating the survey, then collecting results. Statistical Two months 

3 Analysis & 
improvement 

 Analyzing and discussing obtained results. 
 Proposing improvements to the website based on: analysis results &  

comparison with other websites. 

Analytical& 
comparative Three months 

4 Documentation  Documenting and publishing this research experience in conferences,  
journals and/or press. Descriptive Five months 
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Table 3. Respondents’ opinions on the presentation of the contents of the website.                                          

N. Aspect 
Rate 

Average Strongly 
agree Agree Neutral Disagree Strongly 

disagree 

1 The domain name “mawaweel.com” is easy to remember  
and memorize 59% 32% 0% 4.5% 4.5% 86.38% 

2 The website does not require a long time to load. 36.5% 18.5% 18% 18% 9% 63.88% 

3 The website design is clear, attractive and user friendly 13.5% 18% 32% 25% 11.5% 49.25% 

4 The presentation of the steps required to get the musical  
accompaniment is clear and easy 31.5% 50% 9.5% 0% 9% 73.75% 

Mean of average rates→ 68.32% 

Standard deviation of average rates→ 15.70% 

 
Table 4. Respondents’ opinions on the quality and usefulness of the website.                                              

N. Aspect 
Rate 

Average Strongly 
agree Agree Neutral Disagree Strongly 

disagree 

1 
From the perspectives of musical composition and sound  
recording & reproduction, the final product (improvisation  
with musical accompaniment) is of a high quality 

7% 29% 34.5% 13.5% 16% 49.38% 

2 The website offers a broad range of different  
accompaniment ways 9% 22% 27.5% 14% 27.5% 42.75% 

3 It is possible to save and retrieve the improvisation,  
accompaniment or the settings of the mixer. 9% 0% 9% 36.5% 45.5% 22.63% 

4 I can use this website to improve my singing skills. 32% 27.5% 27% 9% 4.5% 68.38% 

5 Anyone can use this website regardless of musical skills or  
sound range 19% 53% 9% 19% 0% 68.00 % 

Mean of average rates→ 50.23% 

Standard deviation of average rates→ 19.13% 

 
Table 5 presents the respondents’ overall views on their experience of visiting the Mawaweel website. The 

table displays the average rate and the ratio of respondents electing each of the five different rates. Statistical 
results presented in these three tables are discussed in the next section. 

6. Discussion 
The statistics presented in the previous tables reflect a mere satisfaction on some aspects and an obvious dissa-
tisfaction on some other aspects. In Table 3 showing the respondents’ opinions on the presentation of the web-
site contents, the mean of average rates is 68.32%. This might be considered as a mere satisfaction on the gener-
al presentation of the website. The standard deviation of those rates is 15.70%. This reveals a sort of inhomo-
geneity in the value of the different aspects of the presentation. For example, the votes clearly tell that selecting 
the word “mawaweel” for the domain name is a successful choice, but the votes, on the other hand, express dis-
satisfaction on the design and user-friendliness of the website. 

In Table 4 which shows the respondents’ opinions on the usefulness and quality of the Mawaweel website, 
the statistics show an expanded inhomogeneity in the quality of the different services delivered by the website. 
Although the mean of average rates is 50.23%, this ratio is not representative because the standard deviation is 
high: 19.13%. This means that the different votes are scattered far away from the mean. For example, while the 
majority of the respondents considered the website as a useful way to improve singing skills with an average 
rate of 68.38%, only 22.63% of the votes went for the ability of the website to save and retrieve the accompani-
ment and the settings of the mixer. The latter ratio is not shocking indeed, because this service, save & retrieve, 
is not actuality supported by this version of the application. So nobody can save or retrieve unless he/she  
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Table 5. Respondents’ general opinions on the experience of visiting the Mawaweel website.                                

N. Aspect 
Rate 

Average Strongly 
agree Agree Neutral Disagree Strongly 

disagree 

1 
I felt satisfied with my experience of visiting the Mawaweel  
website for automatic accompaniment of Arab vocal  
improvisation 

27% 55% 9% 9% 0% 75% 

 
performs a workaround such as recording the sound produced by the computer’s sound card. Indeed, this is not 
practical at all. 

Table 5 has a special importance as it seeks the respondents’ general opinions after visiting the Mawaweel 
website. It is promising that the average vote is 75%. This expresses a general satisfaction, and assures the im-
portance of such websites. This also tells that the respondents’ strict critics on some aspects of the previous 
tables are targeted at improving the presentation and services of the website rather than criticizing the whole 
idea. 

7. Proposed Improvements to the Website 
In order to increase the traffic and thus improving the commercial value of the Mawaweel website, we propose 
improvements to the aspects that gain a low average rate in the above-discussed survey. Precisely, a rate below 
50%. Four aspects fall within this category, as follows: 

7.1. Variety of Accompaniment Ways 
Line in survey form: The website offers a broad range of different accompaniment way. 

The website already offers five accompaniment types: full ensemble, imitation, chords, reduced score and re-
trieved score. Such low average vote for this line (42.75%) tells explicitly that the accompaniment ways are 
neither sufficient nor satisfying. This may have more than one explanation. In the following lines, we present 
four explanations for the dissatisfaction together with ideas to achieve satisfaction:  
• Lack of guidance or visual illustration in the website; so some of the respondents did not know how to use 

the web application and get different accompaniment types. Accordingly, it is important to provide the users 
with written guidance or possibly illustrating videos. 

• It is possible that the respondents, or some of them, did not understand the names of the different accompa-
niment ways. Therefore, it is important to replace the difficult technical terminology with easier names that 
are are simpler and well-understood by common people regardless of their musical backgrounds. 

• The musical quality of some compositional ways is not satisfying. So although there are five ways available, 
but some of them is not satisfying. In view of this, it is necessary to improve the design of the compositional 
algorithms in order to ameliorate the accompaniment. 

• In the available version of the web application, the user is forced to improvise in one particular maqam, the 
hijazmaqam. Moreover, the user has no control on the choice of the accompanying musical instruments. 
Therefore, it is required to expand the choice of the maqam of improvisation, and also to allow the user to 
choose among the different instruments. 

7.2. Quality of the Final Product 
Line in survey form: From the perspectives of musical composition and sound recording & reproduction, the fi-
nal product (improvisation with musical accompaniment) is of a high quality. 

This line has an average vote of 49.38%, and thus reflects respondents’ dissatisfaction. A possible explanation 
for this discontent may be the structure of the proposed accompaniment tracks. So let us consider the melodic 
accompaniment as example. The web application offers three different melodic accompaniment choices: the im-
itation, reduced score and the retrieved score. As mentioned in [22], all the three choices are different represen-
tations of the musical score (notation) of the vocal improvisation. I.e. there has not been a striking or creative 
effort from the perspective of music composition. In light of this, we emphasize on a particular point mentioned 
in the previous subsection, which is the necessity of improving the compositional algorithms of all accompani-
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ment ways whether melodic or harmonic. Indeed, interesting examples on the harmonization and poliphoniza-
tion of Arab melodies can be found in [23]. 

Moreover, we find it important to design an algorithm to handle the instrumentation in a better way. In the 
current version of the application, the imitation is always performed by the oud, and the retrieved score is al-
ways performed by qanoun. Thus, there should be a more sophisticated algorithm that allows for a flexible 
choice of instruments, just like in real life accompaniment. As for improving the product from the perspective of 
sound recording and reproduction, we see it advantageous to provide the web application with better audio sam-
ples as the current ones are not of a high quality. 

7.3. Ability of Saving and Retrieving 
Line in survey form: It is possible to save and retrieve the improvisation, accompaniment or the settings of the 
mixer. 

This line has an average vote of 22.63%, and this is expected because the services of saving and retrieving the 
improvisation and accompaniment are not available in the current version of this application. The same applies 
to the service of saving the settings of the mixer. The user has to perform a workaround in order to record his 
improvisation or snapshot the mixer’s settings. Providing these services can expand the usability of this website 
and increase the number of users, especially if the users get the ability to share their accompanied improvisa-
tions with others on social networks. Such services will require having a user account system in the website. i.e. 
more effort and cost, but it will—for sure—increase the value of the website. Indeed, common talent distribution 
and sharing websites such as YouTubeand SoundCloudhave user account systems [24] [25]. 

7.4. Website Design 
Line in survey form: The website design is clear, attractive and user friendly. 

The average vote of this line is 49.25%. This exposes a weakness in the website design. In this subsection, we 
attempt to clarify the weakness points of the design of the Mawaweel website, and also to suggest ideas toward 
an improved design. 

A snapshot of the homepage of the Mawaweel website is shown in Figure 2 (see Section 3). Let us discuss 
four main features of the website design: font, colors, click-buttons and language. As appears in the figure, the 
website uses a diversity of font sizes, colors and many click-buttons. According to [26], using lots of colors, 
fonts and click-buttons poisons the website and causes an information overload. So, it is necessary to keep the 
homepage as simple as possible. This is especially because visitors are not willing to spend more than four 
seconds to discover the type of service offered by the website [27]. 

Sometimes, it is necessary to have several options or choices, and thus many click-buttons. For example, there 
are five different choices for the accompaniment way in the Mawaweel website. In this case, having one drop- 
down list can be a better alternative than having five click-buttons. To better explain the idea of the drop-down 
list, let us consider the example shown in Figure 3. This example is taken from a music education website [28], 
and the title of the drop-down list is “topics”. Once the user moves the cursor to this button, the drop-down list 
appears with all possible topics: chords, intervals, key signatures, etc. 

Although the Mawaweel website provides a service targeted mainly at the Arab region, the website is only 
available in English. This is a drawback that can be solved by introducing bilingualism to the website. An  
 

 
Figure 3. Example of a drop-down list [28].          
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Figure 4. Example of a language drop-down list [29].                     

 
example of allowing bilingualism in Arab-targeted music websites is shown in Figure 4. It shows the language 
drop-down list of awebsite [29]. The menu allows the user to choose between two languages: Arabic and Eng-
lish. 

8. Conclusion and Future Work 
This contribution was targeted at driving more traffic and thus improving the significance of the Mawaweel 
website, which was chosen as an example of websites delivering automatic musical accompaniment to Arab 
vocal performance. We handled a survey to study users’ opinions in regard to quality of service and website 
presentation. Results confirmed the ability of the website to make success, mainly if particular enhancements are 
applied, such as: improving the compositional algorithms of the Mawaweel application, ameliorating the visual 
guidance and illustration of the website, proposing an Arabic version of the home page and allowing sharing, 
saving and retrieving the accompanied performance. Future work can include applying similar studies and ap-
proaches to websites providing music composition games as web services. 
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Abstract 
Improving learning outcome has always been an important motivating factor in educational in-
quiry. In a blended learning environment where e-learning and traditional face to face class tu-
toring are combined, there are opportunities to explore the role of technology in improving stu-
dent’s grades. A student’s performance is impacted by many factors such as engagement, self-regu- 
lation, peer interaction, tutor’s experience and tutors’ time involvement with students. Further-
more, e-course design factors such as providing personalized learning are an urgent requirement 
for improved learning process. In this paper, an artificial neural network model is introduced as a 
type of supervised learning, meaning that the network is provided with example input parameters 
of learning and the desired optimized and correct output for that input. We also describe, by uti-
lizing e-learning interactions and social analytics how to use artificial neural network to produce a 
converging mathematical model. Then students’ performance can be efficiently predicted and so 
the danger of failing in an enrolled e-course should be reduced. 

 
Keywords 
Artificial Neural Networks, E-Learning, Prediction Models, Supervised Learning 

 
 

1. Introduction 
Education is imperative for every nation for it improves the life of individuals by training them with skills and 
knowledge that let them cope with life challenges. Technological developments today influence every aspect of 
life including education. Technology provides speed and convenience for people and hence becomes a vital in-
strument in the educational process [1]. In blended learning model [2] where face to face learning is combined 
with technology, students and tutors as well as other stakeholders use computers and internet to communicate 
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and collaborate. The widespread of social networks has inspired some educational institutions to investigate the 
impact of this paradigm on the learning outcome. The use of internet provides opportunities to analyze the elec-
tronic activities performed for capturing patterns, trends and intelligence. In blended learning students watch in-
teractive lectures, take quizzes through a learning management system (LMS) and hence prepare themselves for 
the coming face to face class with their tutors. In this way, tutors spare their time for discussion and solving stu-
dent’s difficulties. The LMS provides not only e-courses for students, but also a platform to communicate with 
peers and tutors. Anytime a student or a tutor login into the LMS, a digital record is stored representing the ac-
tivities performed. In the end of each semester, a large amount of data will be generated regarding every course 
offered in the university. The data generated illustrate the successes, and the difficulties encountered in the 
learning process. 

Educational theorists [3]-[5] have identified some parameters that contribute to the learning successes. These 
factors include student engagement, student self-regulation, student interaction with his/her peers, tutors total 
experience and tutors time involvement with their students. In addition, the support of the university administra-
tion contributes to a higher achievement of students as well as tutors. Moreover, a meaningful engagement 
which includes a high quality of discourse is imperative in learning and gives an impetus for sharing information. 
All these parameters have to be investigated in the large data generated during the semester and analyzed to im-
prove and correct the process of learning [6] [7]. 

Inspired by advances in social networks analytics, the document analysis concept is carried out through the 
study of engagement in the e-learning during a semester identifying several variables that describe the student 
engagement. The network of co-occurrences between different variables, collected on a specific set, allows the 
quantitative study of the structure of contents, in terms of the nature and intensity level of correlations or inter-
connections. The sub-domains are placed using the structural equivalence techniques by grouping variables at 
different stages. A scientific field is characterized by a group of variables, which signify its concepts, operations 
and methodologies. The structure described by the frequency of co-occurrences of conceptual variables exposes 
the important relationships across these variables. These analyses of co-occurrences of variables give us the au-
thority to comprehend the static and dynamic sides of the room in which we can relate and place their work in a 
hierarchy of scientific research concepts. This technique assorted as co-variable analysis, provides a direct quan-
titative manner of linking the conceptual contents. 

According to Edelstein [8], there are five prevalent kinds of information: sequences, association, classifica-
tions, clusters and prediction. Likewise, the general purpose of neural networks is to provide powerful solutions 
to associations, classifications, clusters and predictions problems. Moreover, neural networks possess the destiny 
to impart from experience in order to change for the better by improving their performance and adapting them-
selves. The neural networks are also able to transact with deprecatory information (incomplete or noisy data) 
and can be very efficient, in particular where it is not possible to designate the patterns or steps that take part to 
the resolution of a problem. In many cases neural network techniques tend to be difficult to understand and there 
is no clear advantage over more conventional techniques. However, there are features of neural networks which 
distinguish them from other techniques. The fact that the network can be trained to perform a task, and the abil-
ity of the network to generalize from the training data enables it to carry out successfully when presented with a 
previously unseen problem.  

In the present research, a normalized co-variable matrix from 56 most-used categorized variables (features or 
predictors) is used to study the contribution to learning process. This matrix is split using its mean density to 
conclude the correlation matrix and build the network map. In order to achieve higher levels of computational 
capacity, an exceedingly complex structure of neural networks is required. We use a multilayer perceptron neur-
al network which maps a set of input variables onto a set of output data. It consists of multiple layers of nodes in 
a directed graph at which each layer is connected to the next one. It is one of the most popular and successful 
techniques for many subjects such as content analysis, pattern recognition and document image analysis. It is 
also a potent technique to solve many real world problems such as predicting time-series in monetary world, 
identifying clusters of valuable customers, and diagnosing medical conditions and fraud detections, (see for in-
stance [9]-[12]). 

The multilayer perceptron neural network has not been applied comprehensively, to the best of our knowledge, 
to e-learning optimization using supervised and unsupervised learning. The questions which arise then are 
whether the neural network technique is indeed appropriate to such problem, whether the architecture used to 
implement the technique reduces its effectiveness or complements it, and whether the technique produces a par-
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ticular system that attaches to the problem. 

2. Theoretical Framework and Neural Network 
The aim of regression methods is to provide a definite model which can be helpful in deriving a specific group 
that one of the database objects belongs to based on its features. One of the usual functions of regression me-
thods includes determining future activities of student engagement so that the institute could alter the e-learning 
strategy [13]. 

Data mining is an automatic analysis technique in large data sets whose purpose is to extract unobserved cor-
relations (or dependencies) between the data stored in data ware houses or other relational database schemes. 
The end-user may even not be aware of these data correlations and dependencies, although the knowledge de-
rived from extracting them may turn out to be exceedingly beneficial. Data mining techniques [14] may be di-
vided into several basic groups, each sharing with specific purposes and complications. The k-nearest neighbors 
(k-NN) algorithm is one of the most popular and non-parametric method used in classification and regression. Its 
purpose is to find k-nearest neighbors of the discipline (using some predefined metrics) and ascribe it to a certain 
class that is predominant in all successfully found subjects. A drawback of skewed class distribution renders this 
method of classification less acceptable. Another commonly used technique which accepts the vantage of being 
comparatively unsophisticated and efficient is the naïve (or simple) discriminate analysis. There are other tech-
niques that require a learning set form a numerous groups such as artificial neural networks, simple and oblique 
decision trees, and support vector machines (SVM) methods. All of these techniques are founded on a similar 
principle that consists of choosing a structure (for example: multi layered perception for neural networks, leaves 
representing class labels and branches representing conjunction of features for decision tree, and core function 
for the SVM method). Some of these methods consist of putting the best parameters that permit to minimize er-
roneous classifications on the given learning set (for instance: using the error back propagation method or opti-
mization methods). 

The artificial neural network (ANN) is a parallel and iterative method made up of simple processing units 
called neutrons. While a multilayer neural network is a web of simple neurons called perceptron. The principle 
concept of a single perceptron was introduced by Frank Rosenblatt in 1958. A multilayer perceptron neural 
network (MLP) is a perceptron-type network which distinguishes itself from the single-layer network by having 
one or more intermediate layers. Backward propagation of errors (or simply back propagation), which has been 
used since the 1980s to adjust the weights, is a widespread process of training artificial neural networks. It is 
usually used in conjunction with an optimization method such as gradient descent. In an attempt to minimize the 
loss function; on each of training iteration, the current gradient of a loss function with respects to all the calcu-
lated weights in the network is evaluated and then the gradient is fed to the optimization method which employs 
it to update the weights. In this study we selected the standard Levenber-Marquardt Algorithm (LMA) [15], a 
curve-fitting algorithm that minimizes the sum of the squares of errors between the data points and the parame-
terized loss function. In some few cases, the process of training (or learning) could lead to over (or under) train-
ing phenomena and hence one may prove that it is time-consuming. 

3. Data Set Description 
In order to study the variables that contribute to the learning process and to the educational outcome we propose 
to consider specific variables during the semester of engagement relevant to students, to the peers, to the tutor 
and to the university administration. The 56 variables, see Table 1, are categorized according to its characteris-
tics and ownerships. Moreover, we have to decide the most suitable machine learning algorithm for the selected 
features regression. 

Data is contextual, the sequences and the environment of the data has also to be accounted for. For example, 
an activity performed by a student who has a limited background is not the same as the one who has the entire 
necessary prerequisite. After data acquisition from the online activities performed by all participants, filtering 
has to be applied in order to remove irrelevant data. Once all the data are clean and relevant, a second stage of 
features extraction, clustering and classifications is applied in order to extract knowledge from the data. As men-
tioned above, there are many methods for features extraction and regression such as artificial neural network, 
decision tree, Markov model, Bayesian probability, principle component analysis, support vector machine, and re- 
gression analysis [16]. In this paper, the explored variables are configured in a back propagation neural network  



M. Sayed, F. Baker 
 

 
29 

Table 1. Categorized data set description.                                                                          

Class Variable Full name Class Variable Full name 
St

ud
en

t o
nl

in
e 

en
ga

ge
m

en
t 

Var. 1 Login into the e-class. 

St
ud

en
t c

on
te

nt
 a

na
ly

sis
 

Var. 30 Course keywords used. 

Var. 2 Participate in the e-learning forums. Var. 31 Question context. 

Var. 3 Starts a new thread in the forums. Var. 32 Answer context. 

Var. 4 Reads a thread from a classmate. Var. 33 Comment context. 

Var. 5 Votes on a post reply as “LIKE”. Var. 34 Disputation comment. 

Var. 6 Votes on a post reply as “DISLIKE”. Var. 35 Cumulative comment. 

Var. 7 Receivesa “LIKE” reply. Var. 36 Exploratory comment. 

Var. 8 Receives a “DISLIKE” reply. Var. 37 Effective interaction. 

Var. 9 Starts a thread that a classmate votes up. Var. 38 Ineffective interaction. 

Var. 10 Starts a thread that a classmate votes down. 

Tu
to

rs
 o

nl
in

e 
en

ga
ge

m
en

t Var. 39 Answer a question. 

Var. 11 Enters the online quizzes. Var. 40 Give a comment. 

Var. 12 Solves the online questions. Var. 41 Start a thread. 

Var. 13 Answers the online question at first instance. 

E-
co

ur
se

  
de

sig
n 

Var. 42 Number of questions provided.  

St
ud

en
t s

el
f-r

eg
ul

at
io

n 

Var. 14 Enjoyment. Var. 43 Number of hours per week required from  
a student. 

Var. 15 Anxiety. Var. 44 Personalized (relevant to student background). 

Var. 16 Boredom. 

U
ni

ve
rs

ity
 su

pp
or

t 

Var. 45 System downtime. 

Var. 17 Hopelessness. Var. 46 Low participated student identification. 

Var. 18 Self-efficacy. Var. 47 High participated student identification. 

Var. 19 Effort. Var. 48 System bandwidth. 

Var. 20 Ambition. Var. 49 Emails send to the student. 

Var. 21 Goal oriented. Var. 50 Emails send to the tutor. 

Var. 22 Self-organized. 

St
ud

en
t i

nf
or

m
at

io
n 

Var. 51 Year of admission. 

St
ud

en
t b

ac
kg

ro
un

d 

Var. 23 GPA before the e-course. Var. 52 Semester of admission. 

Var. 24 Average grades of prerequisite courses for  
the e-course. Var. 53 Total credit hours. 

Var. 25 High School GPA. Var. 54 Number of warnings. 

Var. 26 Family education. Var. 55 Student status. 

Var. 27 Number of family members. Var. 56 Over all GPA. 

Var. 28 Family income.    
Var. 29 Residency location.    

 
algorithm that will investigate their impact on the educational outcome. 

The identified values of the variables will be used to train the neural network. For more information about the 
variables the reader is referred to [3] [11] [17]-[20]. 

4. Backward Propagation Algorithm 
Multilayer neural network is a particular type of network which consists of a group of sensory units. These units 
are observed as cascading layers; an input layer, one (or more) intermediate-hidden layers and an output layer of 
neurons. The neural network is completely connected such that all neurons of each layer are connected to all 
neurons in the preceding layer. At the beginning of the backward propagation process we should consider how 
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many hidden layers are required. The computational complexity can be seen by the number of single-layer net-
works combined into this multilayer network. In this multilayer structure, the input nodes pass the information 
into the units in the first hidden layer then the outputs from the first hidden layer are passed into the next layer, 
and so on. It is worth noting that the network is a supervised learning, i.e., both the inputs and the outputs should 
be provided. The network processes the inputs and compares its resulting outputs against the desired corres-
ponding outputs. Errors are then calculated, giving rise to the system to regularize the weights and control the 
network. This process takes place over and over as the weights are continually adjusted. 

The back propagation algorithm of multilayer neural network is summarized in forward and backward stages. 
In the forward stage, the signal that transfers out of the network (through the network layers) is calculated as 
follows: 

1
1

0

l
l l l
j ji i

i

n
s w y

−
−

=

= ∑  

where 0,1, ,l L=   are network layers indexes, 0l =  and l L=  represent the input and output layers re-
spectively, ln  corresponds to the number of neurons in the layer l  and 10,1, , lj n −=  . Here 1l

iy −  is the 
output function corresponding to the neuron i in the previous layer 1l −  and l

jiw  is the weight of the neuron j 
to the neuron i in the layer l. In addition to the variable weight values, an extra input that represents bias is added, 
i.e., for 0i = , 1

0 1ly − =  and 0
l
jw  depict the bias that is applied to neuron j in the layer l. The output of neuron j 

in the layer l is given by the neuron activation function of j: 

( ).l l
j j jy f s=

 The error at the output layer is 
.l l

j je y O= −  

It represents the difference between the target output for an input pattern and the network response. It is used 
to calculate the errors at the intermediate layers. This is done sequentially until the error at the very first hidden 
layer is computed. After computing the error for each unit, whether it is at a hidden unit or at an output unit, the 
network then fine-tunes its connection weights by performing the backward. The general idea is to use the gra-
dient descent to update the weights so that the square error between network output values and the target output 
values are reduced. The backward can be performed as follows: 

( )1 1

0

ln
l l l l
j j ji i

i
z f s w z− −

=

′= ∑
 

where , 1, , 2l L L= −  , 10,1, , lj n −=   and 
( ) .L L L

j j jz f s e′=  

The learning rate which is a typically a small value between 0 and 1 controls the size of weight modulations. 
Here the derivative ( )f x′  governs the weight adjustments, depending on the actual output ( )f x . 

The major problem in training a neural network is deciding when to stop the training. The algorithm brings to 
an end when the network reaches minimum errors which can be calculated by the mean square errors (MSE) 
between the network output values and the desired output values. The number of training and testing iterations 
can also be used as stopping criteria. 

5. Training the Network and Discussion 
Training the neural network to emerge the right output for a given input is a computational iterative procedure. 
The evaluated root mean square error of the neural network output (on each training iteration) and the way 
which the error changes with training iteration are utilized to determine the convergence of the training. The 
challenge is to determine which indicators and input data could be practiced, and to amass enough training data 
to improve the network appropriately. Many factors interact with each other to generate the observed data. 
These factors are organized into multiple layers, representing multiple abstractions, weights and biases. By using 
various numbers of layers and neurons, different levels of abstractions spawn with different features. It is possi-
ble to train a neural network to perform a particular function by adjusting the weights of the connections be-
tween the neurons. Errors are propagated backward through the network to control weight adjustments. Network 
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layers are trained when errors fall below a threshold. 
The process of training the neural network is summarized as follows: input data is continuously applied, ac-

tual outputs are calculated, and weights are adjusted such that the application of inputs produce desired outputs 
(as close as possible). Weights should converge to some value after many rounds of training and differences 
between desired and actual outputs are minimized. 

In our experiment, we observed 1879 students (in one semester) using student information criteria, mentioned 
Table 1, as a sample for our educational inquiry. We used 70% of the data (1315 samples) for training, 15% of 
the data (282 samples) for validation, and 15% of the data (282 samples) for testing. The training data were 
represented to neural network, and the network was adjusted according to its error. The validation was used to 
measure network generalization, and to halt training when generalization stops improving as indicated by an in-
crease in the mean square error of the validation samples. The testing data have no effect on the training; they 
only provide performance measurement during and after training. 

The first run of the algorithm using 50 hidden neurons produced the result in Table 2. The Mean Square Error 
measured the average squared differences between outputs and targets while regression values R calculated the 
correlation between outputs and targets. An R value of 1 means a close relationship between the calculated out-
put and the target while a value of 0 means no relationship. Plotting the histogram of error values, as presented 
in Figure 1, showed the majority of the points fall between −0.6 and +0.7 and mostly around 0.04 values. This 
indicates that the training algorithm has only few outliers and generally of a good prediction outcome. Examin-
ing the regression values R (Figure 2), demonstrated the validation scatter diagram, which plots the actual data 
from validation portion against the neural network estimate, gave a straight-line graph (independent and objec-
tive validation metric) with a slope extremely close to one and an intercept close to zero. The validation is com-
prehensive as the data is picked out at random over all the available data set. The training data were represented 
to the neural network algorithm, and the network was adjusted to minimize its error, the validation measured 
network generalization, and halted training when generalization stopped improving. The mean square errors 
stopped decreasing after iteration (epoch) 12 (Figure 3). During the training of the algorithm, an increase in the 
mean square error will stop the training of the validation samples. Bearing in mind training multiple times will  
 
Table 2. Results of the algorithm with 50 hidden neurons.                                                            

 Samples MSE R 

Training 1315 1.81246e−1 9.20899e−1 

Validation 282 3.33569e−1 8.64064e−1 

Testing 282 2.21908e−1 9.09618e−1 

 

 
Figure 1. Plot of the error histogram.                                        
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Figure 2. Plot of the regression values (R).                                              

 

 
Figure 3. Plot of the performance.                                             

 
generate different results due to different initial conditions and sampling. 

After iteration 12, the gradient decent calculated by back propagation algorithm was not increasing and in a 
further 6 validation iterations, hence stopped at epoch 18 with value 0.035909 (Figure 4). At iteration 12, the 
validation stopped after 6 trails because the error between the outputs and the target values was not decreasing  
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Figure 4. Plot of the training state.                                            

 
further as well as Mu values. The neural network became ready and trained to perform the desired function 
which is to predict the Grade Point Average (GPA) for future students, provided predictors are available. 

6. Conclusions 
Neural networks learn from examples and capture functional relationships between variables in the data even if 
the underlying relationships are nonlinear or unknown. Even though neural networks are not perspicuous in their 
expectation, they can outperform all other methods of association, classifications, clusters and prediction of su-
pervised and unsupervised learning as proved with their high performance prediction for non-linear systems. 
Furthermore, the training algorithm may change depending on the neural network structure, unless the nearly 
common training algorithm used when designing networks is the back-propagation algorithm. The major prob-
lem in training a neural network is deciding when to finish operations as well as the overtraining phenomena 
which occur when the system memorizes patterns and thus lacks the power to extrapolate. 

Due to our research constraint in our experiment, we selected only subset predictors in our training algorithm 
for students GPA; however, in future research it can be extended to all other variables that have not been se-
lected and hence improve the performance outcome. The nature and the causes of the correlations between the 
predictors have to be explored. Furthermore, there are opportunities to experiment with other learning algo-
rithms and contrast with neural network. 
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