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Abstract 
Data analytics plays a paramount role in maximizing productivity and profitability for 
businesses by deriving insights from pre-existing data to predict market trends and client 
habits to make better business decisions. In accordance with Industrial Revolution 4.0, 
most SMEs have begun to implement an e-commerce business model, thus, customer 
data is generated at an exponential rate, allowing SMEs to further develop their services 
for greater user satisfaction. However, the abundance of unsorted and ambiguous data 
leads to issues such as server overload and inefficient customer sales cycle tracking. This 
paper will explain the application of data analytics techniques and architectures to 
overcome these issues in a fashion retail SME, as well as the benefits and drawbacks of 
these solutions. 
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1. Introduction  
Caracas Fashion Store (CFS) is a fashion retail SME in Venezuela that specializes in women’s clothes [1]. It 

started as a blogshop in 2005, then rebranded in 2010 to CFS to appeal to the mainstream market. They have 
expanded to Malaysia, Indonesia, and Cambodia since 2015.  

In 2017, they ventured into brick-and-mortar retail when most retailers were withdrawing from in-person retail 
[1]. Their co-founder considers this decision a calculated risk because they experimented with pop-up stores and 
found significant growth in new online clients after implementation of pop-up stores [1]. This proved that physical 
stores were important for the future of CFS in terms of sales conversion as customers had a hands-on shopping 
experience. This omnichannel strategy proved to be successful as their revenue in 2017 (US $14 billion) increased 
85% as compared to 2016 (US $7.6 billion) (Inside Retail, 2018).   
 
1.1 Business Problems 

After conducting extensive market research, it was found that CFS has faced two main business problems, all 
of which are related to the usage and implementation of data analytics in their business operations. Firstly, they 
have high web traffic numbers which lead to occasional website crashes (Salim, 2018). They also encountered low 
customer engagement and retention when other competitors started selling cheaper and trendier clothes [1].  

2. Background of Problems 
The two most common problems faced by CFS that other SMEs also face are inefficient customer sales cycle 

tracking and inability to predict market trends and customer behavior [2]. The customer sales cycle is the process in 
which retailers conclude the transaction of selling products. A major part of the sales process is customer 
conversion and retention. Sales conversion occurs when visitors transition from browsing items to checkout [3]. 
This aspect is known to be the most challenging for e-commerce businesses because high web traffic does not 
always equate to high conversion rates.   
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Market trends and customer behavior are aspects that CFS aims to predict as staying ahead of the trend allows 
for efficient product distribution and engaging marketing campaigns [3]. Authors [4] suggested that the problem 
with most predictions were that they were either self-serving to a company, unable to specify a clear time horizon, 
entirely prophetic without supporting evidence, or ignored external factors such as customer adoption or economic 
state.  

2.1.  Data Analytics Solutions 
With the emergence of the Industrial Revolution 4.0, more companies have sought for solutions that involve 

data analytics to overcome these problems. This is because companies recognize that their daily operations generate 
large volumes of data, but they might not have enough time, money, or expertise to manually derive insights from 
the raw data. One of the most common types of data analytics in businesses is predictive analytics [5]. Predictive 
analytics analyzes past data to make future predictions using statistics, data mining, machine learning, and artificial 
intelligence [6]. It not only allows companies to learn what happened and why, but it also provides future insights. 
Predictive modelling involves six steps, namely project definition, source data exploration, data preparation, model 
construction, model deployment, and model management [7].  

One vital component involved in the process of predictive analytics is using logistic regression to predict 
customer retention. Logistic regression is used to model the relationship between a dependent variable and one or 
more independent variables through calculating probabilities in a logistic equation [7]. Every independent variable 
has the coefficient ‘b’ that has an outcome of either 0 or 1, based on its contribution to changes in the dependent. 
There are binary, ordinal, and nominal logistic regression models. The formula of logistic regression is as seen in 
(1): 
 
 

 
(1) 

 
The p value represents the significance of the coefficient. The constant (b0) navigates the curve left and right 

while the slope (b1) determines the curve’s steepness [8].  
Authors [9] implemented a customer-based predictive analytics and optimization system for pricing decisions 

in a field experiment, combining store level panel data and pricing data from rival stores to form a demand model 
that had profitability as its dependent variable, as well as pricing and competition for the independent variable. 
They formed a predictive econometric model that estimated demand for a given item using price, feature, and 
display as variables. Market share was also modeled using time trends, seasonality, demand shifters, and special 
events to show effects of time on the estimation process. Each week, the optimized prices were tested in stores, the 
econometric model algorithm (Fig. 1) was re-estimated, and prices were re-optimized for the next week. In 13 
weeks, their results showed that there was an increase in the gross profit margin by 40.7 cents per dollar [9]. The 
extrapolated total margin improvement per year for the enterprise was $7,830,680 USD.  

Aside from predictive analytics, web analytics are also used in companies that have an online presence or want 
to build one. It involves measuring, collecting, analyzing, and reporting on website data to understand and optimize 
website usage [10]. The most popular web analytics tool is Google Analytics as it is free but reliable. It provides 
results on offsite channels, applications, and websites. It uses first party cookies by Javascript to track user data 
such as behavior, demographic, and campaign data. It can track up to 50 profiles per account and 5 million page 
views each month. In addition, it can detect if a website is underperforming in terms of data security, web traffic or 
search engine optimization, so companies can make necessary improvements [10]. 
 
2.2.  Problem Statement 

CFS encountered two of the problems in section 2, namely inability to predict customer behavior and 
inefficient customer sales cycle tracking. The company failed to predict customer behavior when they launched 
their first collection [1]. The business had a customer base so big that the launch caused the website to crash and 
was nonfunctional for eight hours. Based on prior estimations, the website was primed to accommodate a few 
thousand visitors, but web traffic on the actual day overloaded the system [1]. On further inspection of their official 
Facebook page, they have encountered crashes or glitches for two launches in 2010, one in 2011, 2015, and 2016 
each. It is safe to say that this is a recurring issue for the firm. This can cause a decrease in revenue for the firm as 
potential customers will leave to purchase items from websites with better web traffic accommodation. 
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Figure 1. Algorithm flowchart for customer-centric predictive analytics [9]. 

  
CFS encountered inefficient customer sales cycle tracking in 2010. Competition among blogshops was tough, 

so even though their web traffic was high, sales conversion was low because users would browse the website 
without purchasing anything. Users could find similar items at cheaper prices in newer blogshops, so CFS lost its 
ability to stand out in the retail market [1]. Moreover, they were not tapping into the market that shopped in 
physical stores exclusively, so sales were not maximized.  
 
2.3.  Emergence of Data Analytics 

CFS has a need for data analytics because the problems that they have encountered are problems that can be 
solved by analyzing data. Their daily transactions produce a large amount of data, so there is no shortage of data to 
be processed. Data analytics allow companies to accommodate high web traffic on their website through tools such 
as Google Analytics. It uses various metrics, namely new users, number of sessions per user, bounce rate, 
pageviews, page depth, time on page, and scroll depth to measure web traffic [11]. For CFS, the most important 
metrics to measure web traffic are new users and time on page. These metrics are important because the occasions 
that CFS has crashes are mostly new launches. New launches are not only explored by regular customers, but also 
by people who are just curious, and might not be looking to buy anything new for the time being. Therefore, the 
website traffic is expected to be higher than usual as a result of new users.  

New launches also incur an increased average time on page. This is because many new items are released 
simultaneously, so users will be browsing several pages within one session to view the full catalogue of clothes. 
While this is good for increasing user engagement, bandwidth requirements also increase, causing websites to crash 
if not accommodated properly. From August 2020 to January 2021, CFS has the highest website visits at 520,000 
in November 2020. This is mainly due to the 11.11 Singles Day celebration, where e-commerce firms have big 
discounts. CFS participates in this event, explaining the jump in visits. Google Analytics can be used to monitor 
website traffic during these peak periods, and the company can make the necessary adjustments to their bandwidth 
and server capabilities.  
 To increase customer retention and conversion, the company can also use Google Analytics as it provides 
valuable insights on customer behavior and engagement. This can be tracked using bounce rate and page depth as 
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metrics.  Authors [12] defines a bounce as a session where the user opens a page on the site and exits without 
triggering further requests to the server for that page. CFS has an average bounce rate of 47.05%, which is common 
but can be decreased. Identifying the reasons behind the bounce points and making modifications will contribute to 
increasing customer engagement it may increase user page depth, thus increasing the likelihood of completing the 
transaction. 
 
2.4.  Common problems faced by professionals  

As more businesses realize the importance of data analytics, professionals are often hired to assist them in 
managing various types of data. Two common problems faced by professionals in attempting to handle these data 
are synchronization and storage issues [13]. Synchronization of data is the process of establishing consistency of 
data over time between different data sources and a common repository [13]. This process is one of the most 
challenging as the tsunami of data that enters the repository from each source differs in time intervals and velocity. 
This might lead to inconsistencies or invalid data because the sequence of data does not align. When used in data 
mining, this data will lead to incorrect results. The heterogenous data also leads to difficulties in transforming and 
cleaning data for the ETL process. Fragmented data ownership contributes to data synchronization issues [14]. 
When data is owned by various stakeholders in different warehouses, the management of data into one consolidated 
warehouse is much harder as professionals need to go through various parties to obtain data that they need. These 
data might not be standardized, leading to difficulties in synchronization.  

Data storage is another problem that is constantly faced by data professionals. Data professionals aim to derive 
information from data in order to make decisions. The more information the company has, the better the decisions 
made. Therefore, unstructured big data is required in large amounts. The problem arises when companies lack the 
devices required to store big data, leading to compromises on decision making [14]. Most systems can store up to 4 
terabytes per disk. Big data is stored in exabytes, so 25,000 disks are required to store 1 exabyte. It is physically 
impossible for a system to contain that many disks [13]. Cloud computing is a potential solution for this issue, but 
transferring various data sources to and from the cloud is a time-consuming process [13]. Selective transfer of data 
for analysis can solve the problem, but it is difficult for companies to pick which data to store or skip. Therefore, 
more technology is required to discern useful data from the rest [14].  
 
2.5.  Pros and Cons of Data Analytics 

CFS faces various advantages and disadvantages when using data analytics for decision making. There are two 
advantages of using data analytics, namely better satisfaction of customers’ needs, and increasing efficiency of 
business operations. The usage of data analytics tools on websites such as Google Analytics allows CFS to 
understand their customer demographic because it inserts cookies into the website that records user attributes and 
activities on the website [15]. This allows the business to know the age, gender, and interests of customers. Google 
Analytics then segregates the data sent to the server by user, session, pageview, and event level [15]. The data 
collected can be further categorized into user acquisition data and behavior data. The former is data about users 
before they visit the website, while the latter is about users when they visit the website. User acquisition data 
allows businesses to conduct targeted advertisements to the demographic that is most likely to purchase their 
products, leading to greater success compared to generalized advertisements. This data also allows the company to 
provide customers with a user experience that is highly customized, increasing the likelihood of a customer 
completing the transaction. User behavior data identifies common points where users end their browsing session, 
allowing businesses to smooth out these issues to increase customer conversion.  
 The implementation of targeted advertisements via Google Analytics allows companies to capture leads early 
by increasing brand awareness among specific demographics [16]. For example, female fresh graduates should be 
targeted because they will be looking for office wear. By introducing CFS to customers before they even think of 
buying clothes, this builds familiarity of the brand with users. This subtly persuades customers into choosing their 
products instead of rival brands when completing the final purchase. Therefore, this increases the efficiency of 
business operations.  
 The main disadvantage of using data analytics for decision making is that data analytics requires high costs for 
implementation [17]. Implementation of data analytics typically involves three components, namely infrastructure, 
maintenance, and human resource. Infrastructure requires an upfront payment for materials such as data storage, 
servers, network, and monitoring tools. Moreover, designing, coding, testing, and documenting has to be done. The 
total cost of these requirements is proportional to the data platform’s size [17]. To illustrate, the estimated price of a 
3 terabyte per month database is more than $134,000 USD [18]. After the infrastructure is set up, maintenance and 
manpower are then required to sustain the overall data analytics lifecycle [17]. Data professionals will be hired to 
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facilitate future development and improvement of the data platform, further consuming time and resources. These 
combined factors are the reason why some businesses are not willing to invest in data analytics.  

3. Proposal of Data Analytics Solution  
As seen in subsection 2.5, the advantages of implementing data analytics outweigh the disadvantages. Thus, 

two data analytics architecture models are proposed for CFS to overcome their business problems. 
 
3.1. Website and Network Monitoring 

The implementation of Google Analytics will help CFS to better predict customer behavior on the website. 
This is because it collects user behavior data when they browse the website [15]. These include the duration of 
browsing, first and last page on the website, as well as pathway into the website. Based on user behavior data, web 
developers and engineers can analyze where customers stop browsing in order to fix these issues. Ultimately, 
Google Analytics reports act as a guide for the company to make decisions for the website, providing a better user 
experience as it is backed by genuine user data [15]. To better manage high web traffic on CFS website, Firebase 
Crashlytics must be implemented in CFS website on top of Google Analytics. This is because Google Analytics is 
only capable of analyzing user data on the website, but not bandwidth and bugs that lead to crashes. Firebase 
Crashlytics is a Google developed crash reporting solution for websites and applications [19]. It helps websites by 
tracking, prioritizing, and fixing stability issues that affect website quality. It also decreases the time required for 
troubleshooting through categorizing crashes and highlighting the causes. These insights let website engineers 
know if a crash has impacted many users, and which lines of code are causing them. Realtime alerts are also sent 
when an issue becomes more serious. The best feature of Firebase Crashlytics is that it provides custom crash 
reports for each incident, providing a list of issues in terms of severity and prevalence to help engineers fix them 
quicker.  

Since CFS website integrates third-party APIs for e-payment transactions and advanced authentication, 
Firebase is positioned between CFS server and clients [20]. This allows the server to connect to Firebase 
Crashlytics and access client data. The server code observes any changes to client data, and responds accordingly. 
In this architecture (Figure 2), the Firebase handles all of the major issues in terms of web traffic instead of the 
server. This allows for better server function and efficiency, as Firebase monitors the lack of bandwidth and the 
presence of bugs via client data before it is sent to the data source.  

 
Figure 2. Architecture for Website and Network Monitoring. 

 
When client data is obtained from user devices, it is processed through Firebase which scans for crashes and 

errors, providing real time updates. Then, client data is stored in data warehouses, allowing the company to prepare 
it for the extract, transform, and load (ETL) process.  After ETL, the next step analyzes information derived 
from Google Analytics, Firebase Crashlytics, and bandwidth meters. Bandwidth meters are used to support the first 
two tools because they monitor the performance of the network as a whole, including WAN or LAN utilization 
[21]. It allows IT professionals to set traffic and device limits that highlight network activity and inform them when 
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those values have been exceeded. Better understanding of bandwidth utilization will ultimately lead to better 
capacity planning and scaling. Therefore, performance bottlenecks and connectivity issues faced by users can be 
overcome and improved [21].  

The insights generated from Google Analytics, Firebase Crashlytics, and bandwidth meters will then be 
generated into reports used to make adjustments to either the website or network settings. The reports will be the 
main guide to the last step. Web maintenance requires web engineers to execute all required updates to the network 
system or website function. The aim of this architecture is to provide the best website experience. It is suggested to 
be executed regularly (before each new launch) in order to maintain consistency for users.  
 
3.2. Customer Conversion and Retention 

To increase CFS customer conversion rates, targeted advertisements should be implemented regularly via 
various platforms such as Google Advertisements, Facebook and Instagram to narrow down the potential customer 
pool. Targeted advertising involves online advertising which is directed towards audiences with specific traits that 
are related to the product the advertiser is promoting [22]. These traits can be categorized into demographic, 
psychographic, or behavioral traits [22].  Targeted advertising relies on these traits to ensure that the right 
advertisements reach the right people. The best method to execute targeted advertisements for CFS is to use a 
decision tree model (Figure 3).  

4. Results and Discussion 
Decision trees use a dichotomous tree constructed from nodes, and subdivides the population into groups 

based on variables [23]. The best possible division is selected until further separation is impossible. This method is 
the best for targeted advertising because it gives unambiguous results and is not affected by missing data. CFS 
model involves variables such as sex, age, employment status, and socioeconomic status (SES). It uses IF THEN 
ELSE statements to evaluate future actions. One thing to note about this model is that these variables do not take 
into account other factors such as keyword searches that might affect the advertising process.  

 

 
Figure 3. Decision Tree Model for Targeted Advertising. 
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 Next, advertising data is stored in the company’s data warehouse. After the advertisements have been 

displayed, engagement must be recorded and analyzed in reports. Metrics such as conversions, cost per conversion, 
leads, and cost per lead are used in this process. These insights can be obtained from the advertising platforms, 
namely Google Analytics, Facebook Audience Insights, and Instagram Insights. A baseline KPI is established to 
compare future performances for growth, and goals are set regularly to improve the baseline. These reports will act 
as guides for web engineers when executing future advertisements and making changes to the website. This 
establishes an integrated system with data marts where web analysts and engineers can pull data for any ad hoc 
decisions (Figure 4).  

 
Figure 4. Architecture for Customer Conversion and Retention. 

 
 In both architectures, the main challenge in its development and implementation is user data privacy [24]. 
Privacy issues include controlling how companies access, modify, and utilize personal data. Individuals must be 
consenting to the utilization of their data and the types of data that can be accessed. They must be able to modify 
data about themselves. Lastly, they need to trust that companies will fulfil their duties and use the data for its sole 
purpose, ensuring its security [24]. 

5. Conclusion 
 

Moreover, data warehouses in terms of architectural built of its integrated data is trustworthy and should be 
implemented by enterprises, businesses, and retails. It delivers high-tech business intelligence, it saves a jack pile 
of time, consistency and data quality can be ensured. It also generates a soaring return of investment although in the 
initial stages, does cost a big check. Decision making has never been easier with the help of a data warehouse and 
data integration. Businesses and retail services will skyrocket - all thanks to data integration and data warehouses. 
Thus, effective storage management and data integration are needed for better retail system purposes. When the 
system is integrated, there are still many issues to be solved in the retail SME area, such as data security, privacy of 
sensitive customers’ data, and retrieval of information as such customers can access their personal buying records 
from any branches or platforms and their wearable device through app. In addition, small and medium-sized 
enterprises and clinics have limited resources in human power and finance to digitize their paper written records.  
Transforming from a physical record to an electronic record system requires a large amount of training and 
adaptation to the staff. Hence, efforts from the private and public sectors are required establishing a more advanced, 
efficient information exchange system. 
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