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Abstract—Given the significant growth in electronic commerce,
firms are seeking technological innovations and innovative
capabilities to deal concurrently with the data’ volume generated
and gaining insights from it for better decisions. Although recent
studies identify predictive analytics as becoming the keystone of
all business decision making and a crucial aspect in firms by it is
a possible means for driving strategic decisions. Significant
inroads into the interrelationships between capabilities and the
execution of a pathway to an analytical capability to many
Egyptian e-commerce businesses have yet to be made. Therefore,
this paper aims to shed light on the importance and the role of
using predictive analytics models in the Egyptian e-commerce
firms where these tools became dominant resources for gaining
valuable knowledge for better decision making by precautionary
measures from prediction rates and different applications that
have been applied by global e-commerce firms. The aim of the
paper was achieved by building a predictive analytics model for
sales forecasting by tackling to one of the e-commerce company
in Egypt, and the online transaction dataset has been analyzed.
The result obtained from the model has been displayed, and some
insights extracted from the prediction model have been
explained.
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l. INTRODUCTION

The electronic commerce industry is growing at an
unprecedented rate all over the world [1]. Where retail e-
commerce sales amounted to 3.53 trillion US dollars in 2019,
and the revenue of e-retail is expected to grow to 6.54 trillion
US dollars in 2022 [2]. The growth is because of believed
companies that electronic commerce was considered a vital
weapon that the technological innovation invented from
internet technology and enabled firms to compete in the global
market [3]. In addition, e-commerce uses as a way of
providing strategic planning, customer services, reducing cost,
and can enhance commercial productivity and efficiency, push
the firms towards prosperity and development and create new
market opportunities [4]. Therefore, companies are developing
competence by using and embedding advances in technologies
in the processes of e-commerce.
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Although the importance of electronic commerce to
organizations, the emergence of web technologies and their
applications led to the ever-increasing growth of the volume
and varieties of data that result from its transactions [5]. This
massive increase in the volume, variety, and velocity of data
generated from various e-commerce platforms pose a huge
computational challenge for data analysis and intelligence
tasks. Whereas the fundamental prerequisite of decision-
making processes’ efficiency is relying on the actual and right
information for monitoring past and current actual information
to generate trends. Therefore, the present state of data and
change in the e-commerce environment urges a need for
different analytical technical tools to find out the hidden
patterns for valuable outcomes.

One of the most crucial applications of technology is
predictive analytics, which since the emerging of it has gained
popularity rapidly in the Big Data field, and it is becoming the
keystone of all business decision making [6]. Predictive
analytics is one of data analytics’ category and are using for
forecasting future outcomes by interpreting and analyzing
historical data to uncover the relationships and patterns in
these data. Through the applying of statistics algorithms, and
machine learning techniques [7]. According to [8] report show
that it's estimated to have a growth in the predictive analytics
in a global market at a compound annual growth rate (CAGR)
of around 25% in 2013 from $1.7 billion to $5.24 billion in
2018 and projected to reach approximately $10.95 billion by
2022. This means that more organizations every year are
turning to predictive analytics for increasing their competitive
advantage [9].

Correspondingly, predictive analytics is used to detect the
relationships and patterns in data for predicting the future by
analyzing the historical data and taking better preventive
decisions. Where the application of predictive analytics
models are based on machine learning for analyzing the
customer’s reviews and click-through actions, preferences and
past purchase history, enhance sale prospects and discover the
reasons for customer churn, in real-time[10]. Also, many
retailers around the world are using predictive analytics for
price optimization, merchandise planning, and analyzing the
promotional events' effectiveness for determining which offers
are more appropriate to consumers [9]. Predictive analytics
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capability — that is, the ability to compete in analytics through
organizing, standardizing, and manipulating data — is an
essential determinant of an organization’s competitive
advantage in today’s rapidly changing business environment

[71.

Therefore, many organizations in various industries use
predictive analytics for achieving many desired goals, such as
determining  customer purchases, promote cross-sell
opportunities, forecast inventory, and manage resources,
reducing the risk [11]. In addition, predictive analytics models
can help businesses attract keep and grow their most profitable
customers and enable organizations to function more
efficiently to drive decisions and actions [12].

There is no doubt that many global e-commerce firms such
as Google, Amazon, e-Bay, Netflix, Flipkart have applied
various types of predictive analytics models (machine learning
algorithms) and gained secured compelling competitive
advantages matchless competitiveness in the market by
integrated these models in business intelligence by injecting it
in their value chain for staying on top of their game [6, 7].

Even though many organizations from varied sectors have
applied the predictive analytics, many electronic commerce
companies have been slow for adopting the predictive analytics
approach due to many reasons such as IT infrastructure does
not address big data and analytics, unaffordability, shortage of
skills, and complexity [13, 14]. As the data analytics market
progresses and predictive analytics is an essential technique
while dealing with a massive amount of data, more affordable
and easy-to-use solutions are being developed, which can be
integrated by e-commerce firms on a variety of platforms.
Therefore, the paper first, discussing the predictive analytics
fields, displays types of predictive analytics models and their
importance of use in the e-commerce field. Second displays the
current state of e-commerce in Egypt. Then, a predictive Model
for e-commerce sales prediction proposed and deployed by
using the Python package, the building of the model was done
by tackling one of the e-commerce company in Egypt and
analyzed a dataset of its online transaction for selling different
product categories. The obtained results were evaluated on the
basis of prediction accuracy. The results attained by the
proposed model were promising.

Il. LITREATURE REVIEW
A. Predictive Analtyics

Predictive analytics is defined as a type of data
analytics that examines data for answering the question of
“What is likely to happen?” by using forecasting, regression
analysis, pattern matching, multivariate statistics, and
predictive modeling [15]. Moreover, Kopp [16] defined
predictive analytics as to the identification of the event before
it takes place by using big data. The predictive analytics
applications depend on robust data mining, machine learning,
artificial intelligence (Al), and deep learning algorithms [17,
18].

www.ijcit.com

Volume 09 — Issue 01, January 2020

Predictive analytics has a long tradition in computer
science and information systems literature and has been
demonstrated to be applicable to various domains, such as
sales forecasting, strategic sales management [20; 19],
recommender systems [21] & fraud detection [22]. Predictive
analytics models build by using quantitative techniques,
generally machine learning algorithms, to build predictive
models [23]. It is an essential part of the business intelligence
[24] and decision support systems literature.

Predictive modeling uses predictive models that rely on
capturing relationships between predicted variables and
explanatory variables from past occurrences, exploiting them
for analysis, and to predict the outcome [25]. The predictive
models' objective are to assess the likelihood that a similar
unit in a different sample will exhibit the performance.
Predictive models often perform calculations during real time
of transactions, such as evaluating the opportunity of a given
customer or transaction, in order to guide a decision. In this
context, Lovemen [26], CEO and president of Caesar’s
Entertainment, stated that: “The best way to engage in ...
data-driven marketing is to gather more and more specific
information about customer preferences, run experiments and
analyses on the new data, and determine ways of appealing to
[casino game] players’ interests. We realized that the
information in our database, coupled with decision science
tools that enabled us to predict individual customer’s
theoretical value to us, would allow us to create marketing
interventions that profitably addressed players’ unique
preferences”.

This means the predictive models help firms in preparing
revenue budgets. The preparation of the revenue budget assists
firms in recognizing future sales patterns from data of past
sales. Also, its impact helps in better determination and
forecasting requirements of inventory which leads to avoiding
loss of the customers [27]. Also, predictive models help firms’
in predicting risk, tendency, and in attaining better revenues
by enhancing their key metrics making strategic corrections
and by making accurate predictions from structured and
unstructured data[28].

B. Predictive Models Techniques

During the predictive modeling process, the predictive
models are creating for discovering the patterns between
explanatory variables and dependent variables, and predicting
an outcome [11, 29]. Many techniques are using:-

e Regression: Regression models are considered the
backbone of predictive analytics. Where the focus of
regression models is relying on establishing a
mathematical equation that represents the interactions
between dependent and independent variables, or
predictors (numerical and categorical variables).
Many various regression models can be applied like a
linear regression model, discrete choice models,
Logistic regression, Multinomial logistic regression,
Time series models.

e Classification: classification models are built to
answer the questions that required yes or no (like, is
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this customer about to churn? or is this a fraudulent
transaction?” by providing broad analysis which
helps in the guidance of a decisive variable (target or
class) and the construction of the model is based on
decisive or numerical variables (predictors or
attributes).

e Clustering: It is one of the unsupervised machine
learning methods. The clustering model sorts’ data
into separate, each cluster contains similar attributes.
This process helps in find out the unknown
relationships in a dataset such as using a cluster
model for separating customers into similar groups
based on common characteristics and devise
strategies for each group at a larger scale.

e Association rules: Association rules are a rule-based
machine learning method, which is using to find
essential associations in the observations [30]. This
means to find all item sets that have greater support
than minimum support and then using the large item
sets to generate the desired rules that have confidence
greater than the minimum confidence [31]. One of
application of association rules is market basket
analysis which is a modeling technique for
discovering regularities between products in large-
scale transaction data [32] and can be described
simply as if a customer buys a specific set of items,
maybe probably buy another set of items.

C. E-Commerce in Egypt

Egypt started the investment in the ICT sector by building
in its infrastructure since 1985 as an essential tool for
economic development and as the base for e-commerce
infrastructure establishment. Through the previous decades,
the ICT sector became a significant platform for
socioeconomic development and the business sector.
According to [33], the Internet in Egypt is playing an
increasingly different role in every aspect of life, since the
number of Egyptians using the internet has risen every year
along the last decade. In 2017, the number of internet users
increased from 0.65 million users in 2000 to 48 million users.
Also, internet penetration grew from 1.01% in 2000 to 35% in
2017, with an average annual growth rate of 64% during such
period.

On the other hand, almost one- third of Egyptian private
enterprises connected to the internet; the usage of the internet
was increased by 25% from 2016 to 2017. Furthermore, about
45% of private enterprises in urban areas use the internet
compared to 20% in rural areas [34]. The gap between rural
and urban areas is due to the nature of working conditions of
both regions; companies in urban areas depend mainly upon
ICT in their work, while in rural areas companies specialize in
agriculture, fishing, and other activities that don’t rely mainly
on ICT to function [35].

Currently, many current and new business firms have
employing e-commerce systems by relying on various
technologies and the Egyptian e-commerce B2C turnover
grew by 22% to USD 5 billion. From 48 million online users
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of the total population who were aged 15 and older, about 18
million are actually online shoppers who are buying
something online. The average spending per online shopper
was USD 540 in 2017. Most online transactions are in the
electronics  categories, airline tickets, fashion, and
entertainment. According to [36], by 2020, Egypt is expected
to generate US$ 1.9 billion in B2C e-commerce volume. This
means the Egyptian e-commerce have to grow at least 45
percent annually, which represents an increase to 1.52 per cent
of GDP ratio in 2019/20.

Although, e-commerce systems had changed the face of
most business functions in Egyptians organizations and
enabled online transaction by allowing web-based applications
to be established and provide an opportunity for existing
systems to automate the process of sales as well as using of
online presence for achieving higher volumes of sales and
reaching global markets. Except, the use of advances in
internet technologies has led to generate large-scale historical
and real-time data from various dealing of business
transactions. Therefore, these changes required attention from
decision-makers in e-commerce firms for using new tools that
can be analyzing datasets by analytical tools of various
transactions in order to understand and examine emerging
patterns for better decision making [37]. Therefore, for
Egyptian e-commerce firms to grow, sustain and compete in
the global market, a potential way is by creating business
value through the use of advanced technologies and relies on
prediction models for better strategic planning.

I1l. DATA ANALYTICS

Based on the classification of the Institute of Operations
Research and Management Sciences (INFORMS) organization
[38], the analytics can be grouped to descriptive, predictive,
and prescriptive. Each type can be viewed independently such
as many of business may use only descriptive analytics for
providing information on decisions they face. Others may use
many different types of analytic to glean insightful
information needed to plan and make decisions. This paper
tackle to build a prediction model for predicting total
purchasing from all products categories for one of an online
store as one of the necessary model that any firm has to relay
on it in its decision-making processes. This methods may be
useful for planning its demand and supply a need for running
the business, or as a guide for budgets and targets’ planning
phase.

A. Predictive Modeling Framework

In this section, we illustrate the detail of the predictive
modeling framework that applies to the task proposed. The
predictive analytics process passes by six phases as shown in
figure 1. In the initial phase (the identification of the problem),
the problem is defined with outcomes, objectives, scope, and
deliverables from the proposed model. In the next phase (the
collection and preparation of the data), data is collected from
various sources and is analyzed. The third step is the analysis
(analysis of the data and the development of the model)
requires strategies for pre-processing such as data cleaning,
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transformation, and data modeling so that useful data is
extracted for further processing. Subsequently, validate the
initial hypothesis using statistical models. The next phase (the
deployment, observation and control of the predictive model)
is predictive modeling for forecasting the future. Results after
implementation can be deployed for using it in the day-to-day
decision-making. The last phase is monitoring the model in
order to ensure that it is providing the expected outcome.

Raw Data
- Apply + Model Bulding by E &
reprocessing  to ’ applying Machine 2 ompare the
Input Data + Split_the DataSet Learning Algorithm * Test the model with Results uwsing R
into Train and Test Test Dataset and Seript Modules
Dataset Choose Best Model
e HHHHHHH!HHH! !!::::IIIIII e -

Figure 1. Predictive modeling framework [39].

B. Dataset and Features

For our analysis, we used a sample of the online
transactions historical data from one of well-known company
that conduct e-commerce in Egypt. In the first step, the dataset
was loaded for exploratory data analysis and the importing
necessary libraries and reading data from CSV with the help
of pandas for doing basic operations. The calculations were
conducted using the Python environment, the main packages
numpy, pandas, matplotlib, and seaborn. For conducting the
analysis, Jupyter Notebook was used. Figure 2 shows the
importing of various packages and the loading of data.

In[94]: M # These are several packoges Loaded ir
dnport nuapy as

P
inport pandas as pd
import seaborn as sns

from pylab import rcParans
reparans|*figure. figsize'] = 1, 5

# reaing the data file

dF = pd.read_csv(’C:\\WUSers\AR wael\\DesktopliEcomeg. sy )
df .shape

df head()
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Figure 2. Dataset loading

Dataset is part of data transactions that stored in the
database which is about selling a various collections of
products. It contains approximately 10k of online transactions
by Egyptian shoppers and each record has 12 different
variables which include either numerical or categorical data
about several characteristics of customers such as user-id,
product-id, gender, age, city, work of years’ experience, for a
type of product’s categories, and total amount of purchase of
all products categories as shown in Figure 3. The main goal of
using this dataset is to build a prediction model that can
predict total purchasing of all the categories of all products
based on the personal characteristics of customers.
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Figure 3. Exploring Dataset
Figure 3 represent an overview of the dataset which has
10736 rows and 12 columns as described below:

o User_ID: Unique ID of the user
(primary key), and the total number of users is
1460 in dataset.

. Product ID: Unique ID of the
product,products are 2334 in dataset.

. Age: the age of users who done
purchased online.

. Gender: the gender of the online users
who make the transaction.

. City: refer to user's living city. Cities
are categorized into 3 categories 'C: Cairo’, 'G:
Giza', and 'A: Alex'.

o Marital_Status: refers current status

of users which is 0 if the user is not married and 1
is married.

. Ps_Category 1to _4: it is the category
of the products and there are 4 categories and they
represent in numbers.

. Purchase: total amount of products
categories purchasing.

In addition, as shown from figure 3, the data columns of
Ps_categoryl, 2, 3, & 4 fields contains null values which are
required to be cleaned its before starting the data
analysis’step.

C. Data Cleaning

In data cleaning step, both Ps Categoryl, 2, 3, &
Ps_Category4 had some null values which assigned by 0 value
for all Nan cases.

df[ 'Ps_Category1'] = df['Ps_Categoryl'].fillna(e)
df[ 'Ps_Category2'] = df['Ps Category2'].fillna(e)
df[ 'Ps_Category3'] = df[ 'Ps Category3'].fillna(e)
df['Ps_Categoryd'] = df['Ps_Categorya'].fillna(e)

Figure 4. Removing null values
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D. Data Analysis

After reviewing the dataset, data analysis step was used for
exploring and dig deep in data for finding insights. Some
questions were listed for guiding in the analysis phase:-

-What are the characteristics of buyers (gender, age, city)?
-Who is purchase more men or women?
-Which type of product categories are most sold?

- What are the distribution of purchase among age groups
and cities?

- What are the distribution of purchase among products
categories?

-And which product categories more sell?

Before answering these questions and gain some insights
about the dataset of transactions, descriptive analysis were
conducted, which is a study of purchasing distributions, data
visualization with different pair plots. descriptive analysis is
helpful for finding the correlations among variables and
determine which variables that drive the sales.
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an ,n ubplats(11gsize=(17,3))

m m(ufr et Tavalue counta(), nv]r:dc-uulu\lc,l.ul/ch-l mMale’,
5 SLAPLIRELE-00)
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Figure 5. Distribution of percentege of men & women

From figure 5, the percentage of men shoppers is about
76.8% which is more than women 23.2%. This means that the
men are willing to buy products online more than women. And
in the same time, it could be a good indicator for e-retailer
when displaying products or promotions to online shoppers.

h [15]: M figl, axl = plt.subplots(figsize=(12,5))
sns.countplot (df[ *Age' ], hue=df[ "Gender])

OuL[157: <matplotlib.axes. subplots.Axessubplot at @x207b&4sheds>

Gener
00 - F
-

017 55+ %35 %50 5155 %45 1825
Age

Figure 6. Distirbution of Age
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Figure 6 displaying the distribution of online shoppers'
age. The most purchasing from men is age 26-35 among other
age groups.

For dig deep in analysis among variables, the seaborn
library and the countplot function were used to plot the total
number of male and female in gender, categories of cities,
marital status, and products for each category.
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adl u” | uih“ uJJil

nE Lh ks

Figure 7. Distribution of Purchase among user’s characteristics

.Ll

As the descriptive analysis enables for seeing the
relationship among multiple variables in easy-to-read graphs,
so figure 7 & 8 shows the results of the exploratory analysis
by depicting the distribution of products purchases with each
online consumer characteristics (ex: gender with age, city,
amounts, and city with age, and distribution of purchasing by

city).
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Figure 8. Exploratory analysis

From the above figures 7 & 8, we can conclude that, men
are more purchaser than women by 77% for males and 23%
for females’ buyers. Most of buyers by 45%within the age
from 26-35 for both gender. About 38% from buyers are from
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Cairo (c) city, whereas, 32% from Alex (A) and 31% from
Giza (G).

fin [16]: M plt.fipure(figsize=(10,5))
plt.hist(df[‘Purchase'],bins=50@, alpha=9.8)
plt.xlabel( 'Purchase’,fontsize=14)
plt.ylabel('Count’,fontsize=14)

out[16]: Text(a, @.5, 'Count’)

1000

5000 10000 15000 2000
Purchase

Figure 9. Distribution of purchase

By drawing the heat map for seeing the correlations
between variables. It is obvious that independent variables are
not highly correlated with the Purchase variable. Also, from
figure 10 can conclude that:

e Ps Category4 has a negative correlation
with Ps_Categoryl.

e Ps Categoryl has a negative correlation
with purchase.

e Ps Category4 has positive correlation with
purchase, which it may be due to less prices to these
category of products.

plt . Figure(Figsize=(10,6))
ang, heatmap{df.corr(),

annat=True, cmap ” )

cmatplotlib. axes . subplots. Axeshubplot At @x1bzdHaddfeos

& 00aTE 60096 64 aoEs

Wk Yaa ooa37

Ps_Category? RS 0007 0 g 0097

Ps_Categoryd 5025 aoa7 0058

aoss soIm

Figure 10. Correlations among all Variables

In the above steps, descriptive analysis has been done on
row data. Now one of the machine learning algorithms is
applying to predict the value of purchase through customer
characteristics data.

E. Prediction model — Linear Regression

Linear regression model is one of machine learning models
(supervised learning), and it is an effective tool for predicting
guantitative responses. It used to predict the amount of the
total purchasing from online users. The linear regression
model, like most of the supervised machine learning
algorithms, makes a prediction based on the input features.
The predicted output values are used for comparisons with
desired outputs and an error is calculated. The error signal is
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propagated back through the model and model parameters are
updating in a way to minimize the error. Finally, the model is
considered to be fully trained if the error is small enough.

M | datas=df.drop([Produ;

D" ], axis=1)
data[ 'Gender ioay ). e
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et LEntllE(r regr‘esslnn per‘(entl]e_) 5
Ly

selector_

name_score=1ist(zip¢data.drop([ s ], 2x13=1). columns . oli3t0), Selector oF.3cores ))
df=pd.D: columns=["Feat_name. )

ing=False)

Feat_names  F_szcores

Ps_Categoryd  936.584751
839.073344

r 48473308

22 709224
oty 21.008274
8.690870
Stay_in_Curreni_ 1.478700
0359082
0187861

]

0.034846

Figure 11. F_Scores for All variables

In this step the sklearn library was used to estimate the
performance of machine learning model by calculating the
mean absolute error (MAE) and mean squared error (MSE).

M [data=dt.cepy ()

TCity’, Ps_Categoryl’, Ps_cCategorya®])

ction import train test split
2, random state-o)

error(y test,y pred)*so.s)

Nlib\site packagesisklearn\utilsivalidation.py:S95: o
rea b 1

Prediction: [B 8 1 ...
Actual: [1 @88 ...
Confusion Matrix
[[93@04 8126]

18 8]
e e a]

[14871 19194]]
Precision Score

[e.86858744 8.70256223]
B8.8348376855656832

Accuracy Score:

Figure 12. Linear Regression Model & Prediction score

The prediction of sales is a very important part of modern
business intelligence [40-42]. Machine learning algorithms
can be applied to these tasks. In this paper, the machine
learning algorithm for predicting the total purchasing from
online customers was applied. And, some exploratory data
analysis has been performed for finding interesting relations
and trends from the dataset.

IV. DIsSCUSsSION

The purpose of this research was to shed light on the
importance and the role of using predictive analytics models in
e-commerce firms in Egypt where these tools became
dominant resources for gaining valuable knowledge for better
decision making. In order to achieve such purpose, predictive
analytics was applied to on online transaction dataset obtained
through one of an e-commerce company for forecasting
categories product sales and the dataset has been analyzed.
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Then, the predictive model was built for displaying how it can
be used to gain critical insights.

Predictive modeling is the key for providing adaptive
decisions, and firms now need to use the most advanced
analytics to keep up with the competition. Such models could
be useful for the e-commerce firms to make high operational
efficiency, improve customer satisfaction, and robust revenue
and profit levels.

V. CONCLUSION

With the global explosion in big data in all aspects of the
business world, where big Data has brought a radical change
in setting up and managing businesses, the transformation
needed now from business to become data-driven evidence-
based organizations is mandatory. Therefore, the applications
and utilization of data analytics tools are considered a vital
part of the decision- making processes in all businesses and in
e-commerce firms especially. As the exponential growth and
speed in the e-commerce industry is booming, which is
expected [2] to reach $4.5 trillion in 2021, where the data
volume will continue in an increase in every second.
Therefore, data will become a blessing when using it with
analytical tools for unearthing hidden patterns, market trends,
new opportunities, or solving existing problems or providing
other insights. By using data analytics tools such as predictive
models, e-commerce industries can peak into their trends,
performance, and growth to improve their operation and
customer satisfaction, increase revenue, gain new customers,
and streamline their operations, and fact-based management to
drive decisions and actions.

In This paper an example of predictive model for dataset to
online transactions was presented to give a lot of insights for
the importance and impact of employing one of the tool of data
analytics models in Egyptian e-commerce firms. Moreover,
such an analysis is useful for the decision makers in e-
commerce companies for gain insights about understanding
customers purchase patterns among different categories of
products which can assist for example when preparing sales
strategy. Where the analysis of big data is very important for e-
commerce firms for many perspectives. The significant
generation of data amount allows e-commerce firms to make
decisions in timely manner where money can be saved and
operations can be more optimized. Like, consumer behavior
and preferences can be understand by analyzing the big data
which includes, customer movement online webs site,
transactions, product searches and finally for better decision-
making.
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