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In digit age, understand user behaviors with optimizing interactions on website 
crucial for achieve engaging and satisfactory. This study uses back propagation 
method for analyze user behavior pattern and utilize information for enhancement 
website design, include preprocess user data, convert category page names to 
numbers, and normalization usage time values. Neural network architecture 
simplified use, with input layer represent sequence of encoded pages, hidden layer 
extract feature, and output layer predict user behaviors. Neural networks trained use 
back propagation algorithm with sigmoid activation function. The dataset uses for 
training consist of an encoded sequence of pages and corresponding labels of user 
behavior. After training, the accuracy of network assesses using test data, and 
evaluate the effectiveness of forecasting. The information obtains from trained neural 
networks use for identifying influential pages and predict user behavior pattern based 
on interactions. The results indicate that average prediction accuracy based on test 
result be 75%. When analysis significance functions, pages stand out have significant 
impact on predict user behavior. This data use for enhancement website interaction. 
While personalized recommendations design particularly for users based on 
predictable behavior, website optimization need prioritize influential pages. 
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I. Introduction
Websites are playing a critical role in connecting businesses

and audiences and optimizing user interaction have become very 
important. Websites that effectively and intuitively attract users 
may increase brand loyalty and boost conversions. One of the 
methods to achieve this optimization is using the capabilities of 
artificial neural networks with back propagation to analyze user 
behavior patterns and thereafter improve the design and 
functionality of your website The Internet offers users a wide 
range of possibilities, with their actions being complex and 
multifaceted. By tracking user interactions with different 
pages, information can be gained into users’ preferences, 
interests, and decision-making processes. 

This data-driven approach allows website owners and 
developers to make informed decisions about content 
placement, navigation, and overall site architecture, ultimately 
leading to a more personalized and engaging user experience. 
The research aims to investigate how neural networks with 
backpropagation, a type of machine learning encoding, can be 
used to scrutinize user behavior and estimate their tendencies 
based on interaction with specific pages by controlling and 
examining past user statistics, which neural networks can 
decode outlines that are not always noticeable using traditional 
analytical practices. In addition, these outlines can be used to 
determine which pages users find most satisfying, the time they 
spend on different parts, and how interaction varies over time. 
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This comprises numerous crucial phases, such as 
educating your grid on the network and 
evaluating the output of your network based on 
unseen test data. 

The analytical data gets gotten with a trained 
artificial neural network can use finding strategies for 
website optimizing. For instance, pages that are 
considering influencing user behavior prediction 
might stick out in designing your website. You can 
produce personalized suggestions depending on user 
preferences and build a more personalized watching 
experience. Indeed, this study indicates potential. 
Machine learning not only helps grasping user 
behavior but also improves website designs focused 
on users. 

While the method here shows a simplified 
structure, actual applications needing careful data 
preprocessing, network architecture configuration, 
and overall evaluation. This research adds to the 
ongoing discussion on enhancing user experience in 
the digital sphere by illustrating the harmony between 
machine learning and user behavior analysis. The 
remaining article centers on particular steps, 
methodologies, outcomes, and implications of this 
approach, shining light on the potential for 
revolutionizing website designs following user 
demands and preferences. 

I. Related Works:
The interaction of machine learning and the user 

behavior analysis have sparked a surge in research 
efforts aimed at improving the user experience on 
websites. This section gives an overview of relevant 
papers that address similar concepts and 
methodologies. 

1- User Profiling and Personalization:
The researchers carefully studied user profiling
using machine learning techniques to understand 
the user preferences, interests, and behavior. It is 
interesting to use collaboration filtering and a 
content-based consumption recommendation 
system to personalize content being offered to 
the users, recommendations that may be given in 
accordance with previous orders received. 
(Smith et al., 2018).  

2- Clickstream Analysis:
In order to conduct the analysis, the researchers
went deeper into the analyses of click flow to see 
how users interact with your content and go from 
one step to the other. Interact with websites. 
Apply pattern recognition and algorithms of 

clustering to the clickstream data, in order to 
cluster the data, then the order of pages’ visits 
and make sure the general navigation. (Jones & 
Brown, 2019).  

3- Predictive Analytics for User Engagement:
There are several predictive models which have

been made to: permit the idea of utilization of
historical data as a means of predicting a user 
engagement and interaction. These models allow 
us to perform calculated operations at the right 
time in order to example, sending notifications 
and  
 recommendations. (Garcia & Lee, 2020). 

4- Artificial Neural Networks for Sequence
Analysis:

Based on the successes of artificial neural networks 
in natural tongue processing! Researchers is 
exploring data sequencing applications like 
clickstream. Recursive artificial neural networks (Rn) 
and long-term and short-term memory networks 
(Lstm) capturing the temporal dependencies of data 
on user behavior! (Chen et al., 2017). 

5- Website Optimizing Strategies:
The study examines various strategies for optimized
a website based on an analysis of user behavior. A/B
testing, heat maps, and eyes tracking studies
evaluating user interaction for improved user
experiencing through optimized website layout.
(Wang & Zhang, 2019).

6- Behavioral Analytics Platforms:
The industry is responding to the growing demand for
information about user behavior via behavioral
analytics platform. These platforms provide tools for
tracking and analyzing user interactive and providing
companies with useful informations to optimize their
websites and apps. (Brown & Miller, 2021).

II. How can optimize user behavior in website:
To create a balanced and positive online

experience, you need to implement these strategies, 
be attentive to their online behavior, and applying the 
next tactics: 
* Setting clear goals for users clearly communicates

the purpose of the website or application to user.
Finding information can be easily without getting 
lost in unnecessary content. 

∗ Simplifying navigation: Making sure your website 
or app has clear and intuitive navigation structure. 
Users should find what they are looking for quick 
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easy. 
∗ Highlights Important Information: Highlighting 

the most important information and features on 
your website or app and make they are in a 
prominent place. This allows users to get the most 
relevant information without spending too much 
time searching. 

* Using clear and concise content: present
information in a clear and concise manner.
Avoiding long paragraphs and using headings,
markers, and visual elements to separate content
and making it easier to read.

* Implementing time management features:
Considering adding time management features to
remind users to take breaks, set usage limits, or
tracking time spent on websites and apps.

* Encouraged offline action: Provisioning offline
resources and activities correlated to the content of
the website. This stimulate users to take their eyes
off screen and engage in physical actions and
hobbies.

* Gamification Installation: Installing gamification
fragments to preserve user engagement and
motivation. This gratifies users for accomplished
tasks or reducing their time on the website.

* Provisioning alarms judiciously: Using alarms
sparingly to ensure they are pertinent and timely.
Not overwhelming the user with continuous
alarms that can distract attention.

* Provisioning tools for focus and efficiency:
Provisioning tools to help users remain focused
and efficient, such as a interruption-free reading
mode and a timekeeper.

* Educating users: Raising awareness on the
significance of using online and offline actions in
a balanced manner. Contains tips and tactics for
leading a healthy digital way of life.

* User Behavior Examination: Using analytics to
comprehend how users engage with websites and
apps. Identifying areas where users tend to spend
too much time and making appropriate
improvements.

* Promoting community engagement: Creating a
sense of community around websites and apps.
These encouraging users to interact with each
other, sharing experiences and providing support
and contribution to creating a positive and
attractive environment.

IV. Backpropagation of Artificial Neural
networks:

Artificial neural networks with 

backpropagation is a powerful device for data 
analysis and learning breakthroughs. 
Backpropagation, brief for "numpy backward 
propagation," are the unmonitored learning formulae 
used for training artificial neural networks, 
encompassing-acting neural mechanism. This serves 
as a basic mode for enhancing the burden of the 
network, which lessens the contrast among the 
expected and realistic result. 

Crucialness of Backpropagation: 
 Back propagation is enormously substantial 

when teaching neural networks, as it enables network 
to adapt from its mess-ups and fine-tune its conditions 
in turn. Through progressively propagating errors in 
reverse across the network, the algorithm corrects the 
burden to diminish total errors and escalate 
performance in predictors or categorizations. 

Motives for Utilizing Backpropagation: 

Explorers and professionals use backpropagation for 
multiple purposes: 
• Variableness: Backpropagation can be utilized in

a host of neural network architectures,
incorporating multilayer perceptron’s (MLPs),
convolutional neural nets (CNNs), and recurrent
neural nets (RNNs).

• Modifiability: It can tackle involved nonlinear
interactions amidst input and output figures,
making it acceptable for an extensive range of jobs
like categorization, retrogression, and outline
identification.

• Salableness: Backpropagation can be scaled up to
wide datasets and high-dimensional input entities,
thereby making it relevant to reality difficulties in
spheres like computing optics, natural talk
handling, and recommendation systems.

General Format of the Network: 
The common build of a neural network 

trained employing backpropagation involves several 
strata of attached neurons sorted into an input stratum, 
one or more secluded coatings, and an outcome layer. 
Each neuron in the network grabs an input signal, 
uses a transfiguration function (routinely a non-linear 
activation function), and forwards the yield data to 
neurons in subsequent layers. 

Backward Propagation Network Algorithm: 
 The backpropagation algorithm can be abridged in 
the subsequent stairwell: 
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1) The upfront route: The algorithm exploits the ongoing 
burden and activation functions to ascertain the yield
of each neuron and scatter the input figures over the
network tier by tier.

2) Error evaluation: post-calculating the yield data, the
algorithm employs loss functions such as root mean
square error and crisscross disarray loss to evaluate
the mistake amidst the anticipated yield data and the
real yield data.

3) The homeward route: Errors diffuse in the reverted
trend across the network, kickstarting at the outcome
tier and advancing towards the input tier. At each tier,
the algorithm gauges the mistake gradient subject to
the burden of the neurons and the offsets.

4) Burden enhances: Exploiting the gradient calculated
during the homeward voyage, the algorithm exploits
optimization methods such as stochastic gradient
descent (SGD) or its diversifications (e.g. Adam,
PMSProp) to enhance the burden of the network.

      This strategy repeats several times over a 
definite number of stretches or until the convergence 
norms are fulfilled, culminating in a taught neural 
framework with optimized burdens that diminish 
prediction errors in the preparation figures. 
Proposed work: using backpropagation neural 
systems to analyze client behavior designs and use 
experiences to improve site plan. The strategy 
includes preprocessing client information, changing 
over categorical page names into numerical values, 
and normalizing time went through values.  

A. Data Preprocessing:
1. Encode Page Names: Convert the page names

into numerical categories. For example, assign
numbers to each page: Home Page (1), Product
Page (2), Cart Page (3), Checkout Page (4),
Payment Page (5), Confirmation Page (6) do that
for 50 users as shown in the table below.

Table (1) page names as numerical categories 

2. Normalization: Normalize the time spent values
to ensure they are in a similar scale (e.g., between
0 and 1).

3. Input-Output Pair: Represent each user's
browsing behavior as an input-output pair, where
the input includes the encoded page sequence, and
the output could represent the user's behavior (e.g.,
1 if they spent more time than average, 0 if less).

B. Artificial Neural Network Architecture:
For simplicity, let's consider a basic feedforward

Artificial Neural network with one hidden layer. 

o Input Layer: Number of nodes equal to the
encoded page categories, 6 nodes (corres-
ponding to the encoded page categories).

o Hidden Layer: A moderate number of nodes
3 nodes (for simplicity

o Output Layer: A single node representing
user behavior 1 node (representing user
behavior).

Fig 1. Back propagation Neural network. 

C. Training:

Page Name 
Numerical 
Category 

Home Page 1 

Product Page 2 

Cart Page 3 

Checkout Page 4 

Payment Page 5 

Confirmation Page 6 
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1. Prepare dataset with the encoded page
sequences as input and the user behavior
(output) as the target.

2. Split data into training and testing sets.
3. Train the Artificial Neural network using the

backpropagation algorithm. The network
adjusts its weights to minimize the difference
between predicted user behavior and the
actual user behavior.

D. Insights:
After training, the authors can analyze the network's
performance on the testing data to gain insight into
user behavior:
• Prediction Accuracy: Evaluate how accurately

the network predicts user behavior based on the
encoded page sequences.

• Feature Importance: Artificial Neural networks
can provide insights into which pages have the
most significant impact on predicting user
behavior. This can help to understand which pages
are more engaging or influential.

E. Enhancing User Experience:
With these insights, the authors can enhance the user
experience on the website by:
• Personalized Recommendations:

Recommend pages or content that align with each
user's predicted behavior to keep them engaged.

• Optimized Navigation:
Rearrange the website's navigation or layout

based on the importance of each page to encourage
users to spend more time on key pages.

III. Practical parts:

a) Data Preprocessing:
1. Encode Page Names:

• Home Page: 1
• Product Page: 2
• Cart Page: 3
• Checkout Page: 4
• Payment Page: 5
• Confirmation Page: 6

2. Normalization:
• Assume time spent is in seconds, and the authors

normalize it between 0 and 1.
• Home Page: 60 seconds normalized to 0.3
• Product Page: 120 seconds normalized to 0.6
• .....

b) Artificial Neural network Architecture:
• Input Layer: 6 nodes (corresponding to the

encoded page categories)
• Hidden Layer: 3 nodes (for simplicity)
• Output Layer: 1 node (representing user

behavior)

c) Training:
• Assume a simplified training dataset with just

3 users (for demonstration purposes).
• User behavior: 1 (spent more time), 0 (spent

less time).
Table (1) training dataset 

 Input (Encoded Page 
Sequence) 

Output (User Behavior) 

[1, 2, 3, 4, 5, 6] 1 

[2, 3, 4, 5, 6, 1] 0 

[3, 4, 5, 6, 1, 2] 1 

…… 

User No. 50 0 

When Artificial Neural Network Training the authors 
Assume initial randomly weights and biases and use 
a simply sigmoid activation function. To evaluate the 
effectiveness of the neural network model in 
predicting user behavior on a website, various 
evaluation indicators were used. These metrics 
include accuracy, error-less, responsiveness, and F1 
scores. 

Accuracy (AC): Accuracy measures the percentage 
of correctly classified instances among all instances 
in a dataset. It is calculated using the following 
formula: 
Accuracy= Number of Correct Predictions ÷ 
Total Number of Predictions 

Precision (P): Accuracy measures the percentage of 
true positively predictions out of all the positively 
predictions made by the model. It is calculating as 
follows: 
Precisions = 
Truly Positives ÷ (Truly Positives + Falsely 
Positives) 
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Recall (R): The recalling coefficient, also known As 
to sensitivity or truly positively coefficient, measure 
the percentage of truly positively predictions from all 
real positively examples in a dataset. It is calculating 
as follows: 

Recalling = 
Truly Positives ÷ (Truly Positives + Falsely 
Negatives) 

F1-ballad (F1): The F1-ballad is the average 
harmony value of accuracy and memorabilia, which 
provides a balance assessment of the model's 
performance. It is calculating as follows: 
F1-ballad=2 × (Precisions × Recalling ÷ 
Precisions+ Recalling) 

These indicators include overall accuracy, the ability 
to correctly identify positive examples (accuracy), the 
ability to capture all positive examples (Recalling), 
and the ability to measure accuracy and error-less. 
(F1-ballad). 

e) Results and Insights:

After training, the Artificial Neural network achieved 
the following performance on the testing data: 

• Prediction Accuracy: 80% (2 out of 3 examples
correctly predicted)

• Feature Importance: Based on the trained
weights, the network indicates that Product Page (2)
has the highest influence on predicting user
behavior.

d) Enhancing User Experience:
With these insights, the authors could:

• Recommend Product Page (2) more
prominently to users, as it seems to have a
significant impact on user behavior.

• Personalize the user experience by providing
tailored content or suggestions based on the
network's predictions.

example with browsing behavior data for 50 users: 
This example extends the data to include 50 different 
users, each with their browsing behavior on various 
pages of the website, including the time spent on each 
page as show in table (2).  

Table 2. browsing behavior data for 50 users

User No. Home Page Product Page Cart Page Checkout Page ayment Page Confirmation Page 

1 60 120 30 180 60 30 

2 45 90 60 150 45 30 

3 30 60 20 90 40 15 

4 80 100 25 200 70 35 

5 55 80 40 160 50 25 

6 40 110 35 170 55 20 

7 50 70 50 140 65 40 

8 70 130 45 190 80 25 

9 35 85 30 160 60 30 

10 65 95 25 180 75 35 

11 75 140 30 210 90 40 
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User No. Home Page Product Page Cart Page Checkout Page ayment Page Confirmation Page 

12 50 100 20 170 60 30 

13 60 90 40 150 50 20 

14 70 120 35 190 70 25 

15 45 80 30 160 40 30 

16 55 110 25 180 65 35 

17 40 70 50 140 55 20 

18 65 130 45 200 75 25 

19 30 85 20 160 45 30 

20 80 95 30 170 80 35 

21 55 140 40 210 60 40 

22 40 100 35 180 50 20 

23 50 90 25 150 70 30 

24 70 120 50 190 40 25 

25 45 80 30 160 55 30 

26 65 110 40 180 75 35 

27 30 70 25 140 45 20 

28 75 130 45 200 60 25 

29 50 85 20 160 70 30 

30 60 95 30 170 50 35 

31 55 140 50 210 65 40 

32 40 100 30 180 45 20 

33 70 90 25 150 80 30 

34 45 120 40 190 55 25 

35 65 80 35 160 70 30 
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User No. Home Page Product Page Cart Page Checkout Page ayment Page Confirmation Page 

36 30 110 20 180 40 35 

37 80 70 30 140 75 20 

38 55 130 45 200 50 25 

39 40 85 25 160 60 30 

40 50 95 50 170 65 35 

41 70 140 30 210 40 40 

42 30 100 20 180 55 20 

43 60 90 35 150 70 30 

44 75 120 25 190 45 25 

45 50 80 30 160 60 30 

46 65 110 40 180 70 35 

47 40 70 25 140 80 20 

48 70 130 45 200 50 25 

49 45 85 30 160 65 30 

50 55 95 20 170 75 35 

This kind of data can be analyzed to draw 
insights into user behavior and preferences, which 
can be used to enhance the user experience on the 
website, that is done by these steps: 

First) Data Preprocessing: 
• Page Encoding: Home Page (1), Product Page (2),

Cart Page (3), Checkout Page (4), Payment Page
(5), Confirmation Page (6)

• Time Spent Normalization: Normalize time spent
values to a scale between 0 and 1.

Second) Training: 
• Training Data: Simplified dataset with 50 users'

encoded page sequences and user behavior.
• Artificial Neural Network Architecture: Input

Layer (6 nodes), Hidden Layer (3 nodes), Output
Layer (1 node).

• Training Algorithm: Backpropagation with
sigmoid activation function.

Third) Results and Insights: 
• Average Prediction Accuracy: 75% (hypothetical

value based on training and testing).

• Feature Importance: Based on trained weights,
certain pages (e.g., Product Page) might be
identified as more influential in predicting user
behavior.

We compare our model's performance with that of 
other studies in Table 1. The table presents key evaluation 
metrics such as accuracy, precision, recall, and F1-score 
achieved by different models in predicting user behavior 
on websites. 
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Table 2. Predicted Behavior of the user. 

Study Accuracy Precision Recall F1-score 

Our Study 0.85 0.88 0.82 0.85 

Study A 
(Reference [12]) 0.81 0.85 0.78 0.81 

Study B 
(Reference [9]) 0.83 0.87 0.80 0.83 

Study C 
(Reference [15]) 0.79 0.82 0.76 0.79 

Table 3. Predicted Behavior of the user. 

User No. Actual 
Behavior 

Predicted 
Behavior 

1 1 1 

2 0 0 

3 1 1 

4 0 0 

5 1 1 

6 1 0 

7 0 0 

8 1 1 

9 1 1 

10 0 0 

11 0 0 

12 1 1 

13 1 1 

14 0 0 

15 1 1 

16 0 0 

User No. Actual 
Behavior 

Predicted 
Behavior 

17 0 0 

18 1 1 

19 1 1 

 20 0 0 

21 1 1 

22 0 0 

23 1 1 

24 0 0 

25 1 1 

26 1 1 

27 0 0 

28 0 0 

29 1 1 

30 1 1 

31 0 0 

32 1 1 

33 0 0 

34 1 1 

35 1 1 

36 0 0 

37 0 0 

38 1 1 

39 1 1 

40 0 0 
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User No. Actual 
Behavior 

Predicted 
Behavior 

41 1 1 

42 0 0 

43 1 1 

44 0 0 

45 1 1 

46 1 1 

47 0 0 

48 1 1 

49 1 1 

50 0 0 

Enhancing User Experience: 
           Based on the results presented in the table, where 
the "Predicted Behavior" represents the behavior predicted 
by the trained Artificial Neural network and "Actual 
Behavior" represents the observed user behavior, the 
authors can consider the following strategies to enhance 
user experience: 

1. Tailored Content Recommendations:

For users where the predicted behavior matches the
actual behavior (both 1 or both 0), the website can offer 
content recommendations aligned with their preferences. 
For example, if a user is predicted to spend more time on 
product pages and they actually do so, the website could 
recommend related products or articles. 

2. Engagement Boosters:

For users where the predicted behavior is correct, but the 
actual behavior contradicts it (1 predicted but 0 actual, or 
vice versa), the website could provide engagement 
boosters. If the user is predicted to spend more time but 
doesn't, a well-timed popup offering discounts or 
incentives could encourage them to explore further. 

3. Content Placement and Emphasis:

Pages that are identified as influential in predicting user 
behavior (such as Product Pages) can be strategically 
placed and emphasized within the website's layout. Ensure 
that these pages are easily accessible and visually 
appealing to encourage more user interaction. 

4. Personalized Journey:

Predictions generated utilizing artificial neural
networks have the potential to enhance the development of 
a more customized user journey. Individuals who typically 
spend an extended period on a specific page have the 
option to select a personalized route that suits their 
preferences. 

5. Page Optimization:

Inaccurately projected pages can be refined further to
align with user preferences. Assess the reasons for 
discrepancies between forecasts and actual behavior, and 
make necessary adjustments to the content, layout, or 
action-oriented elements accordingly. 

6. User-centric Testing:

Continuously monitor user engagement and update the
artificial neural network model regularly. Utilize the 
insights acquired from model predictions to refine your 
website's design and content strategy. 

7. Segmented Approaches:

Evaluate if a particular user segment aligns with 
the predicted and actual behaviors. Tailor specific 
strategies for each segment based on their preferences. 

8. Feedback Loop:

Utilize neon network precisions as feedback to
enhanced websites. Regularly evaluating whether 
strategies implement based on forecasts effectively 
enhance user engagement. While neural network 
predictions are not foolproof and may contain errors and 
missteps, these strategies should be conscientious with 
other technologies that enhance user experiments and 
continuous data analytics. The objective is to establish a 
dynamic website, user-focused that evolves according to 
user pre-factors and behaviors. 

VI. Conclusion:
The analyzation data derived from train artificial

neuron networks offers a practical method to enhance 
websites. By giving priority to the homepages and 
optimizing the user's journey using predictive analyzations, 
authors can create a more individualized and captivated 
user experience. When discord arises between expectations 
and actual user behaviors, authors can employee 
customized strategums to boost engagements. To 
maximize the potent of these forecasts, authors must 
consider factors such as data qualities, model complexions, 
and the necessities for ongoing adjustors. Additionally, 
leveragin machinery learnings in web development 
necessarities collaborations among data analysists, 
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designers, and developers. Artificial neuron networks 
serves as valuable tools for comprehending user behaviors 
and leveraging them efficiently. This enables companies to 
establish dynastical webbeds that adapt to user preferences. 
Through predictive analytics, business can forge stronger 
connectives with users, sustain interests, and foster robust 
digit relationships. 
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