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Abstract: The declared state of emergency and the measures taken against the spread of coronavirus
by governments have increased Internet shopping. All companies, regardless of size and type of
business activity, had to adapt their business models to the new circumstances through transformation
of their business processes and offering products or services tailored to the changing customer
behavior. This study aims to analyze the peculiarities of online sales during the COVID-19 health
crisis via the integration of classic and modern data analysis methods. The purpose of the paper
is to identify the main factors determining user behavior and examine their impact on customer
satisfaction in e-commerce. The survey method and structural equation modeling (SEM) were used
to recognize the dependencies between variables from the online users’ perspective. The satisfaction
determinants indicated and described in the paper affect differently the perceived value for the
customers. As this value is subjective and dynamic, this study developed a reliable system for
e-commerce factor evaluation. Using the proposed methodology, companies can constantly monitor
and assess indicators influencing customer satisfaction and gain awareness of consumer behavior’s
dynamics in online shopping. e-commerce marketers can employ the obtained results to decide how
to organize order execution and optimize supply chains. Identifying the most important components
of the e-commerce value, managers of online retailers can better run online sales platforms, increase
customer loyalty, and thus, improve company’s online performance.

Keywords: e-commerce; consumer purchase behavior; customer satisfaction; customer satisfaction
measurements; customer satisfaction index; structural equation modeling; COVID-19 pandemic

1. Introduction

The COVID-19 pandemic and subsequent social distancing have changed the habits
and lifestyle of population and accelerated the digitization of the economy and society. On
a global level, the pandemic has dramatically decreased international trade [1].

Some industries, such as the manufacturing of drugs, medical supplies, personal
protective equipment, and hygiene products, where purchases have increased rapidly,
have quickly recovered. However, in many other sectors, shortages and supply-chain
disruptions have arisen and demand is severely constrained [2,3].

All companies, regardless of size and type of business activity, had to adapt their
business models to the new circumstances through transformation of business processes
and offering products or services tailored to the changing customer behavior. As a response
to these new challenges, many companies have preferred to switch to electronic commerce
or expand their investments in online channels [4].

1.1. Context of the Adoption of e-Commerce during the COVID-19 Pandemic

Electronic commerce (e-commerce) is the process of buying and selling goods and
services over the Internet between and among organizations and individuals [5]. As a form
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of distance shopping over the Internet, it is widely spread in the 21st century, facilitating
access to the global market and offering deals with competitive pricing in a convenient way.

The declared state of emergency and the measures taken against the spread of coron-
avirus by governments have forced many consumers to buy online, thus, changing their
shopping and spending habits. Stay-at-home restrictions have turned many offline buyers
to new users of online e-commerce platforms, and they continue to shop online even af-
ter the end of all restrictions. Some employees still work from home, although physical
distance restrictions are lifted. Consequently, the residence area of office workers can be
independent from their workplace and often they move to live in small cities or villages.
In this case, online purchases can compensate for limited choice of goods and lifestyle
change [6]. The lack of physical interaction makes online stores more desirable to con-
sumers than physical stores in pandemic times. Nowadays, business-to-consumer (B2C)
e-commerce continues to grow rapidly and the pandemic crisis has further strengthened
this trend.

On the other hand, the pandemic has forced businesses to change their business
models and offer customers additional digital communication channels. This has affected
sectors such as tourism and services (events, tickets, etc.), restaurants (food delivery),
healthcare (telemedicine) and some retail categories (fast-moving consumer goods) to a
greater extent. The COVID-19 pandemic has forced sectors lagging behind in digitization
to launch transformations of their business processes.

Statistical data also support the claim that worldwide rapid penetration of e-commerce
has transpired during the COVID-19 pandemic with some specifics by region, industry, or
country. Before the pandemic, e-commerce, especially retail, has already taken the path to
radical changes. In the last five years, from 2016 to 2020, information technologies have
contributed to the increase in online sales from 8.6% to 17.8% [7]. According to the analysis
of eMarketer, the market research company, the share of Internet sales worldwide has
increased during the pandemic year 2021 and reached 20.3% of total retail sales. By 2025,
this share is expected to become nearly a quarter (23.6%) of global total retail sales [8].

In Europe, COVID-19 has also boosted e-commerce, however, a sharp decline in
online sales in the tourism and services sector (events, tickets, etc.) during the pandemic,
holds back overall growth. According to the recent European E-Commerce Reports [9,10],
published by Ecommerce Europe and Euro Commerce, turnover indicators have been
growing by 10% and 13% in 2020 and 2021, respectively. They are expected to reach the same
numbers or higher at the end of 2022, still slightly lower compared to the pre-pandemic
2019 (14%). As was the recent trend, developing countries from Eastern Europe have
experienced higher growth rates in B2C e-commerce sales than many Western European
countries. However, Western Europe still holds the largest share of total European turnover
at 63% compared to Eastern Europe’s 2%.

The last report has outlined two opposite trends in e-commerce turnover. On the one
hand, despite the lifting of lockdowns and consumers’ being able to visit offline stores
again, turnover of online shopping continues to grow. Sales are normalizing and stabilizing
compared to the last successful pre-pandemic year (2019). On the other hand, a tendency
to slow down turnover growth was also identified. Consumers are more cautious of their
spending due to disrupted global supply chains, the war in Ukraine, inflation, and a general
sense of uncertainty. Regardless of these adverse effects, e-sales are growing, making B2C
e-commerce an indispensable and sustainable part of the retail industry.

1.2. Customer Satisfaction as an Essential Aspect of e-Commerce

Customer satisfaction is a measure of overall customer experience with the product
or service purchased from a company. Additionally, it reflects how well products or
services resonate with buyers’ needs and preferences. Satisfaction is an indicator of both
the quality of service to existing customers and the ability to attract new customers [11].
Customer satisfaction in e-commerce is determined by the interaction with the merchant
at the online contact point (visiting a website, purchasing a product, talking to technical
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support, delivery, using a mobile application) and depends on the match between customer
expectations and his experiences [12].

Since satisfied customers are more likely to become loyal customers, customer satisfac-
tion is an important performance indicator of the company’s effectiveness. In summary,
customer satisfaction in e-commerce measures competitive advantage and financial success
of organizations in providing products and services in the online marketplace.

In recent years, much research has focused on customer satisfaction in e-commerce,
and a variety of models were built based on existing indices [13] or new formulas for calcu-
lating customer satisfaction for a product or service [14,15]. Other aspects of the problem
were also studied, such as peculiarities for specific countries, especially for developing
countries [16–19], subsectors [20,21], or sales platform [22–24].

This study is aimed at establishing and examining a new model for customer satisfac-
tion involving customers’ attitudes and perceptions toward security, information availabil-
ity, shipping, quality, price, and time saved in B2C e-commerce during the pandemic times.

The main tasks of the research are as follows:

1. Identify the key factors affecting customer satisfaction in B2C e-commerce and existing
methods for their determination according to the review of results obtained from
similar previous research.

2. Collect customers’ datasets concerning their experience and preferences in online
buying (age, residential area, purchasing cost, attitudes, characteristics of customers’
behavior, specific problems).

3. Propose a research methodology that facilitates the systematic analysis of the collected
data and reveals hidden relationships in the customers’ data.

4. Determine and assess the factors from the existing literature influencing customer
satisfaction in e-commerce during the COVID-19 pandemic.

5. Provide some recommendations and measures for improving the online channels for
sales of goods and services enhancing customer experience.

To determine the main factors affecting customer satisfaction, we employed structural
equation modeling (SEM). The SEM method tests cause–effect relationships between the
variables of interest (latent variables) and their indicators. One of its important parts is its
structural component (path model), which shows how the latent variables are related. In
comparison with other structural modeling techniques, SEM can estimate complex models
with many constructs (including unobserved variables), indicator variables, and structural
paths without requirements on input data distribution [25].

The main contribution of the paper is the development of a structural model for
evaluation, comparison, and prediction of customer attitudes towards e-commerce during
the COVID-19 crisis based on classic and intelligent methods for datasets analysis. The
verification results indicate that the obtained model for data exploration objectively assess
customers’ perceptions for online shopping.

The reminder of this paper is organized as follows: Section 2 introduces some related
research on the customer satisfaction in electronic commerce during COVID-19 pandemic.
Section 3 describes the problems that need to be solved, puts forward the measurement
indicators, and compares them with those from similar previous research. Section 4
analyzes the collected dataset, establishes a mathematical model, and verifies it. The
obtained results are compared with those from similar previous studies. Finally, this paper
is concluded and research plans are outlined in the last section.

2. Related Work
2.1. Theoretical Foundations
Customer Satisfaction in e-Commerce and Its Measurement

Over the last two decades, the customer attitude to e-commerce has gathered interest
from both academic researchers and practitioners engaged in online sales channels. In
general, customer satisfaction is a person’s feeling of pleasure or disappointment that results
from comparing a product’s perceived performance (or outcome) to expectations [26].
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In e-commerce, customer satisfaction is of critical importance when measuring per-
ceived customer delivered value [27]. Junardi and Sari have stated that e-customer satisfac-
tion is when online purchase experiences exceed customer expectations [28].

Nowadays, the ubiquitous connectivity, the availability of information and knowledge,
and online products’ offering are forming the tastes, preferences, and even habits of Internet
users. This situation further complicates the study of online user behavior and requires
exploration of additional dimensions such as brand, user type, or customer situation.
There is a plethora of online customer satisfaction metrics, such as churn or retention
coefficients, customer service satisfaction, customer effort score, etc. Unfortunately, these
measures evaluate only a particular aspect of customer satisfaction. Many researchers have
proposed new models trying to overcome this problem. Vasić et al. have developed a
theoretical model, consisting of 6 constructs (security, information availability, shipping,
quality, pricing, time) and 26 variables. The empirical study has confirmed the research
hypothesis that Customer satisfaction in online shopping on the Serbian market directly
depends on the six given constructs [29].

Sanyala and Hisamb have analyzed the important factors affecting customer satisfac-
tion for e-commerce, websites, and online purchases in Oman. The research indicated that
price (Price and offers), ease of use, and the availability of multiple payment options are im-
portant factors that can influence customer satisfaction [18]. This research shows that price
has the maximum impact on customer satisfaction, followed by ease of use and multiple
payment options. However, the impact of safety and access are not statistically significant.

Wilson and Christella have analyzed the effect of website design, reliability, time saved,
product variety and delivery performance towards customer satisfaction in the Indonesian
e-commerce industry. The analysis of survey data has revealed that four constructs (relia-
bility, time saved, product variety and delivery performance) have a significant impact on
customer satisfaction [17].

In order to determine the level of use and satisfaction of e-commerce customers
in the COVID-19 pandemic period, Dirgantari et al. have employed the information
system success model (ISSM) approach [30]. SEM results have confirmed the basic research
hypotheses that customer satisfaction in online shopping on the Indonesian market depends
on the following factors: system quality (adaptivity, availability, reliability, response time,
and usability), information quality (completeness, easy of understanding, personalization,
relevance, and security), and service quality (assurance, empathy, and responsiveness) [31].

Nguyen has proposed and verified a new SEM model [20] with five main constructs
(online shopping experience, customer service, external incentives, security/privacy and
personal characteristics) and one outcome construct (customer satisfaction) for the beauty
and cosmetics e-commerce sector. The input variables of four input constructs are as fol-
lows: online shopping experience with beauty and cosmetics products; ordering, payment
method, delivery fulfilment, guarantee, website design, service; price, promotion, prod-
uct attributes, quality, brand, source of opinion; security and privacy, respectively. The
obtained results show that the impact of four input constructs on customer satisfaction are
statistically significant.

According to the study [24] by Ha Nam Khanh, the most influential factor on customer
satisfaction is reliability, the second most influential factor is customer service, followed by
web design and security. In addition, the results show no difference in customer satisfaction
according to academic level, but in terms of occupation and income, gender, and age.

Dospinescu et al. have clarified the relevance of eleven factors that influence the
satisfaction of e-commerce consumers in Romania and Moldova. The obtained results
highlight the eight statistically significant aspects of customer satisfaction: Various payment
methods, existing price comparator, product customization, loyalty programs, existing
price comparator, existing previous reviews, package opening on delivery, and ease of use
of web platform [19].

Liu and Kao have studied the influence of five factors on customer satisfaction in e-
shopping of agricultural products: pre-purchase expectation, product quality, brand image,
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e-commerce platform, and logistics and distribution using SEM [21]. The results show that
product quality, brand image, e-commerce platform, and logistics and distribution have a
statistically significant effect on customer satisfaction.

Griva has employed k-means method to create a customer satisfaction model. The
author has identified 11 checkouts and 8 aftersales clusters based on product variety; avail-
ability; prices; security; usability; product presentation; recommendation likelihood and
delivery time; shipping cost; product quality; delivery options; packaging, and customer
service respectively [32].

Anh et al. have identified four important factors for customer satisfaction in e-
commerce: information quality, product quality, reverse logistics, and perceived price.
Delivery service and customer service are not statistically significant factors [33].

The abovementioned studies are based on factors from three seminal works in the area
of customer satisfaction in e-commerce—DeLone and McLean (2004) [30], Yoon (2007) [34],
and Guo et al. (2012) [35]. The majority of presented studies have applied partial least
squares (PLS)-SEM, two models are built using multiple linear regression [18,19,24,35], one
study has employed a classic literature review [30], and one study—modern ML technique
(k-means) [32]. The main features of the aforementioned models of customer satisfaction
are summarized in Table 1.

Table 1. Research comparison of customer satisfaction models.

Reference Utilized
Algorithm Evaluation Metrics (Number) Statistically Significant Factors

(Number) R2

DeLone and
McLean 2004 [30]

Literature
review System quality, Information quality, Service quality (3) System quality, Information quality,

Service quality (3)

Yoon 2007 [34] PLS-SEM
Customer Service, Fulfillments/Reliability,

Product/service portfolio, Ease of use, Security and
privacy (5)

Customer Service,
Fulfilments/Reliability,

Product/service portfolio,
Ease of use (4)

0.580

Guo et al., 2012 [35] MLR
Website design, Security, Information quality, Payment

methods, E-service quality, Product quality, Product
variety, Delivery services (8)

Website design, Security, Information
quality, Payment methods, E-service

quality, Product quality, Product
variety, Delivery services (8)

0.403

Vasic et al., 2019 [29] PLS-SEM Security, Information availability, Shipping, Quality,
Price, Time (6)

Security, Information availability,
Shipping, Quality, Price, Time 6) 0.724

Sanyala and
Hisamb 2019 [18] MLR Price and offers, Ease of use, and multiple payment

options, Safety, Access (4)
Price and offers, Ease of use, and

multiple payment options (2) 0.451

Wilson and
Christella 2019 [17] PLS-SEM Reliability, Time saved, Product variety, Delivery

performance, Website design (5)
Reliability, Time saved, Product variety,

Delivery performance (4) 0.657

Dirgantari et al.,
2020 [31] PLS-SEM System quality, Information quality, Service quality (3) System quality, Information quality,

Service quality (3) -

Nguyen 2020 [20] PLS-SEM Online shopping experience, Seller service, External
incentives, Security/privacy, Personal characteristics (5)

Online shopping experience, Seller
service, External incentives,

Security/privacy (4)
-

Ha Nam Khanh
2020 [24] MLR Reliability, Customer service, Web design, Security (3) Reliability, Customer service, Web

design, Security (3) 0.611

Dospinescu et al.,
2021 [19] MLR

In-app after sales services, Periodic notification system,
Possibility to cancel the order, Live consultant support,
Existing price comparator, Existing previous reviews,

Various payment methods, Ease of use of web platform,
Package opening on delivery, Product customization,

Loyalty programs (11)

Periodic notification system, Existing
price comparator, Existing previous
reviews, Various payment methods,

Ease of use of web platform, Package
opening on delivery, Product

customization, Loyalty programs (8)

0.799

Liu & Kao 2022 [21] PLS-SEM Product quality, Brand image, e-commerce platform,
Logistics and distribution, Pre-purchase expectation (5)

Product quality, Brand image,
e-commerce platform, Logistics and

distribution (4)
-

Griva 2022 [32] ML Product variety, Availability, Prices, Security, Usability,
Product presentation, Recommendation likelihood (7) Customers’ clusters

Anh et al., 2022 [33] PLS-SEM Delivery service, Information quality, Product quality,
Customer service, Reverse logistics, Perceived price (6)

Information quality, Product quality,
Reverse logistics, Perceived price (4) 0.818

Notes: 1. The list ordering of evaluation metrics proposed by the authors is preserved. 2. Symbol “-“ denotes
missing data. 3. R2 is the determination coefficient.
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The frequencies of constructs in models are as follows: security (6/13), pricing (6/13),
information availability (5/13), shipping (logistics and distribution, delivery service, re-
verse logistics) (5/13), quality (4/13), and time saved (2/13). The efficiency of the proposed
models varies from 40.3% [35] to 81.8% [33]. The number of latent variables ranged from 3
to 11, with between 2 and 8 factors being statistically significant.

Despite numerous studies on customer satisfaction in e-commerce, there is a lack
of a universally accepted formula for measuring it. In addition, the research referring
to the key dimensions of online purchases in the Bulgarian e-market are insufficient
and do not consider the changes in consumer behavior and preferences caused by the
COVID-19 pandemic.

2.2. Main Factors Affecting Customer Satisfaction in e-Commerce

According to the literature review, the main factors influencing customer satisfaction
can be reflected in a theoretical model with six constructs as follows: security and privacy,
information availability, shipping, quality, pricing and time saved. The proposed combina-
tion integrates both the classic 4Ps marketing elements (product as quality, price, place and
promotion as information availability) and several indicators, typical for online shopping
(security, shipping, and time saved). In the next subsection, we present the preferred factors
in detail.

1. Security and privacy

Cyber security is essential for e-commerce. A security problem in an online business
can mean a loss of reputation for the e-store and high customer churn, while in a physical
store, theft is limited to stolen items or lack of turnover for the day. The main purpose
of security as a key factor for customer satisfaction is to use appropriate technologies to
protect customers’ personal information and to guarantee that this information is kept
confidential and safe during online transactions [36]. In contrary, the lack of upgrades,
payment frauds, ransomware, and denial of service (DoS) attacks show the growing danger
of security breaches in Internet systems [37] during the COVID-19 pandemic and require
urgent measures by online storeowners.

2. Information availability

Visitors arrive at transactional websites either to purchase a specific product or to
browse for information. Websites and other e-commerce channels should offer both op-
tions [38]. In some modern 3D websites, multi-media and shopping cart functionalities are
merged to give the shopper the complete atmosphere of a physical store and its surrounding
area [39]. Visual commerce is another technological innovation in online shopping where
product presentations involve a variety of interactive content, including augmented real-
ity [40]. Social networks are also an important source of information for e-commerce. Here,
individuals and societies communicate by exchanging various types of user-generated
content. In addition to being a source of useful market information, social networks are
also a feedback source for online retail companies concerning consumer attitudes and
preferences [41,42].

3. Shipping

e-commerce shipping encompasses all services required to transport products pur-
chased online from the retailer to the customer’s delivery destination on time. Searching
for a balance between product price, quality of customer service and delivery time, e-sellers
optimize their supply chain in different ways. Some rely on outsourced distribution that
maintains the necessary stocks of high demand goods (warehousing services) and have
well-functioning logistics channels (logistics services) [43]. Others achieve fast delivery
of the purchased goods to the recipients by drop shipping with distribution services at
a competitive price [44]. Today’s omnichannel commerce puts increasing pressure on
retailers in terms of inventory levels, location selection, transportation, and control over
warehouse costs.
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4. Quality

e-commerce quality is defined, according to Zeithaml et al., as the extent to which the
e-shop’s internet site allows the consumer to make problem-free purchases in delivering
products and services [45]. The basic E-S-QUAL quality model, proposed by Parasuraman
et al., is a 22-item scale of four dimensions: efficiency, fulfillment, system availability, and
privacy [46]. According to Rita et al., three dimensions of e-service quality, namely, website
design, security, and fulfillment affect overall e-service quality. Meanwhile, customer
service is not significantly related to overall e-service quality [47].

5. Pricing

The interests of sellers and buyers in pricing are opposite. Therefore, the actual
price should be a reasonable compromise between the merchant’s offer and the buyer’s
willingness to pay. Setting the right price for the product affects the overall revenue of the
business. According to the research on consumer attitudes towards online commerce of
Pragmatica (the market research company), price is one of the leading criteria in online
store selection. According to the respondents, the low price is the most important element
of their ideal online store [48]. Ali et al. have established that perceived price and delivery
quality have a significant impact on perceived value, and perceived value has a significant
impact on repurchase intention [49].

6. Saving Time

Customers prefer e-transactions because of the convenience of the shopping process,
thus, reducing the inconvenience of traveling to high street stores and eliminating conges-
tion in crowded city areas. The researchers emphasize that convenience is not only physical
rest but also the main factor of time, where the customer can place an order for a product
on the Internet at any time [50]. According to the study on consumer preferences for online
shopping of Pragmatica, time is the most important factor in online shopping (59%) [48].

The abovementioned indicators reflect different aspects of consumer behavior. A
holistic approach was used to explore the role of these main factors affecting customer
satisfaction. The degree of their influence varies and depends on many external parameters
including characteristics of business environment. By harnessing these factors, online retail-
ers can provide consistent customer experiences and create long-lasting customer loyalty.

3. Research Methodology
3.1. Questionnaire Design and Data Collection

The survey method was considered the most appropriate method in this study because
it is objective and not expensive, the target audience is geographically dispersed, and the
researchers can communicate with the respondents using online communications. We have
created an online questionnaire to register data on customer attitudes to e-commerce during
the COVID-19 pandemic. The questionnaire was developed using previous theoretical and
applied studies on customer satisfaction [30,34,35]. The design of the questionnaire is simi-
lar to that proposed by Vasic at al. [29]. As this research concerns the pre-COVID-19 period,
some questions about the impact of the pandemic on customer behavior were additionally
included using business managers’ suggestions [51]. The information about this research
with a link to the online questionnaire was distributed to the potential respondents using
different online channels.

3.2. Measurements and Scales

A significant part (8 out of 21) of the questionnaire is “multiple choice grid” questions
with a five-point Likert scale (ratings ranging from “Strongly disagree” to “Strongly agree”).
Another part (10 out of 21) is presented through “multiple choice” questions and a Likert
scale, three questions require plain text in text fields (“paragraph” type in Google Forms),
and one question is formulated using checkboxes.



Systems 2022, 10, 213 8 of 23

3.3. Data Analysis Methods

The existing methods for analysis of customer satisfaction data could be divided into
three main groups: classic statistical methods, intelligent statistical methods, and hybrid
methods combining methods from the two abovementioned groups.

To measure objects’ properties (descriptive statistics) and sustainability; summarize
and visualize main characteristics (exploratory data analysis); and test the relationship
between items, groups of items, and datasets, we employed traditional statistical meth-
ods. For the analysis of collected customers’ datasets, we utilized analysis of variances
(ANOVA), chi-squared test, correlation analysis, Student’s t-test, factor analysis, and re-
gression analysis.

To reveal hidden relationships between variables, we applied modern ML methods—
SEM, cluster analysis, and sentiment analysis. SEM is one of the most widely used method-
ologies to study systems whose parameters cannot be evaluated directly. As a set of
statistical techniques, SEM can test research hypotheses to measure and analyze the re-
lationships of observed and latent variables. Similar but more powerful than regression
analysis, it examines linear causal relationships among variables, while simultaneously
accounting for measurement error [52].

In this study, we employed PLS-SEM to design a structural regression model, which
quantifies the strength of factors affecting consumer behavior. PLS-SEM as a structural
regression method encompasses a set of statistical methods such as correlation and con-
firmatory analysis. The advantages of the PLS-SEM method in comparison with other
existing methods for hierarchical structural modeling are as follows:

1. The method is strictly based on data structure.
2. It overcomes the multicollinearity problem.
3. Several output variables can be represented simultaneously, taking into account their

inner structure.
4. The obtained models can be interpreted easily, as they are presented graphically [53].

4. Data Analysis

To demonstrate the proposed methodology for the processing of the dataset for cus-
tomer satisfaction data, a list of tasks was formulated and solved.

Task 1. Collect data from an online survey concerning customer opinions about the
impact of customer satisfaction from the e-buying process during the COVID-19 pandemic.

Solution
Customers’ data collection
A link to the online survey was shared through partners’ websites, social media

(Facebook groups), and email. The respondents were Bulgarian online customers who
filled out the questionnaire (voluntary response sample). The questionnaire was designed
using Google forms and contained 21 questions to measure the customers’ perceptions
about the variables used in the study [51]. The data about the attitude to e-commerce
were collected during the period from 17 March to 30 June 2022. The questionnaire was
correctly filled in by 207 respondents. However, 27 observations should be omitted since
these respondents do not shop online (Question #7). A duplicate check has shown that
there are no identical values in the dataset rows (Figure 1).

In Figure 1, the closer distance means the smaller difference between the individuals.
The degree of similarity is visualized with different colors: from full coincidence (0—blue
color) to maximum difference (10—orange color). There are no duplicate records in the
dataset, and all records will participate in the further analysis. To build the dissimilarity
matrix, we have applied the fviz_dist function in R programming language.

Data storage
The collected survey data are available online in a data repository [51].
Data coding
The coding scheme and coded data are also accessible online. Out of all 21 answers, 18

are coded [51]. The rest of the answers (respondent’s municipality, preferred websites for
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e-buying, and experience in e-commerce during COVID-19 pandemic) are stored in their
original form for further processing.
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Task 2. Determine the main characteristics of survey respondents.
Solution
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and correlation analysis).

Main Characteristics of Respondents in the Sample
Table 2 displays the profile of the survey participants. A significant part of the

respondents was female (73%) (Question #1). Of the 207 respondents, almost 70% were
under the age of 40 (Question #2). The sample was dominated by respondents with at least
a university degree (65.2%) (Question #3) and living in urban areas (92.27%) (Question #4).

Table 2. Profile of customers in sample (n = 180).

Variables of the Sample No. of Consumers Percentage (%)

1. Gender
Male 56 27.05

Female 151 72.95

2. Age

Under 20 38 18.36
Between 21 and 30 71 34.30
Between 31 and 40 35 16.91
Between 41 and 50 40 19.32

Over 50 23 11.11

3. Education

Elementary school
Secondary school

Polytechnic school 70 33.82
University 66 31.88

Master and Doctoral studies 71 34.30
4. Place of residence Town 191 92.27

Village 16 7.73
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Table 2. Cont.

Variables of the Sample No. of Consumers Percentage (%)

5. Municipality/Province - -
6. Frequency of Internet usage per day Less than 1 h 14 6.76

1–2 h 38 18.36
2–3 h 49 23.67
3–4 h 38 18.36

More than 4 h 68 32.85
7. Do you shop online? Yes 180 86.96

No 27 10.04
8. Maximum amount per purchase Less than 20 BGN 2 1.11

From 20 to 50 BGN 27 15.00
From 50 to 100 BGN 54 30.00

From 100 to 200 BGN 38 21.11
More than 200 BGN 59 32.78

9. Maximum amount per year Less than 100 BGN 11 6.11
From 100 to 200 BGN 33 18.33
From 200 to 500 BGN 62 34.44
More than 500 BGN 74 41.11

10. List of most frequently used online shopping
websites Site 1 56 31.11

Site 2 7 3.89
Site 3 18 10.00
Site 4 20 11.11
Site 5 107 59.44
Site 6 39 21.67
Site 7 5 2.78
Site 8 6 3.33
Site 9 53 29.44
Site 10 53 29.44
Site 11 8 4.44

Miscellaneous 55 30.56
11. Preferred payment method Cash on delivery 126 71.11

Debit card 39 21.67
Credit card 13 7.22

Bank transfer 2 1.11

12. Expenses to pay at delivery
I always decide for the

product with the free shipping
option

46 25.56

I always decide for the
reduced product shipping

rate, so I believe to be given
the best price for both the
product and the delivery

26 14.44

I am willing to pay any
product delivery expense

which makes my total
purchase pricing the lowest

108 60.00

13.1. Maximum shipping time (domestic) 3 days 142 78.89
4 days 16 8.89
5 days 14 7.78
1 week 8 4.44

More than 1 week - -
13.2. Maximum shipping time (international) 3 days 3 1.67

4 days 2 1.11
5 days 24 13.33
1 week 103 57.22

More than 1 week 48 26.67
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The distribution of participants by geographical districts and regions shows that the
greatest share of respondents was from the Plovdiv district (54.6%), followed by Pazardzhik
(11.1%) and Haskovo (7.7%), and the South Central region (81.2%), followed by the South
Eastern region (7.7%) (Question #5).

The top three of the most visited international websites for online shopping in-
clude Site #1 (AliExpress.com)—56 (31.11%), Site #3 (eBay.com)—20 (11.11%), and Site
#2 (Amazon.com)—18 (10.00%). The most widely used Bulgarian e-commerce websites
are the following: Site #5 (eMAG.bg)—107 (59.44%), Site #9 (SportDepot.bg)—53 (29.44%),
and Site #10 (FashionDays.bg)—53 (29.44%). There is increased interest in food, non-
prescription medicine, and nutritional supplements websites: Site #11—Remedium.bg, Site
#7—eBag.bg, and Site #8—Glovo.bg (Question #10). Without a doubt, the pandemic has
increased the sales of the biggest online retailers and websites for over-the-counter drugs
and food delivery.

For more than 70% of the participants, cash on delivery is a preferred method of
payment. Almost 1/3 of respondents pay with a debit or credit card (Question #11). In
recent years, the number of users paying with credit cards has slightly increased. One of
the reasons for such an increase in credit card payments is the fact that most of the banks
have a mandatory “credit card” option when taking out a loan. Only 2% of respondents use
bank transfer. This ratio is completely different from the situation in developed countries,
for example, the United States, where payment cards (credit or debit) are utilized by 78% of
the online shoppers, with the most popular online payment alternative being PayPal [5].
This ratio is similar to the ratio of the world as a whole [54].

Feature selection
To visualize the attitudes of participants to online shopping, we have employed the

hierarchical clustering (heat map) method. Figures 2 and 3 depict the similarity between
customers’ opinions and attributes (variables) respectively. To create heat maps, we have
applied Orange 3.22 software.

Task 3. Identify groups of consumers who share similar buying characteristics and
groups of variables with a similar impact on customer attitudes and opinions.

Solution
The solution to Task 3 was found using the k-means method for cluster analysis. To

determine the optimal number of clusters, we employed the Silhouette method, and the
result revealed that the optimal number of clusters is two. As can be seen in Figure 4, when
k = 2, there is no overlap between clusters. This means that the k-means method offers a
feasible solution to the problem of identifying clusters of online shoppers with a similar
attitude to e-commerce during the COVID-19 pandemic.

The first cluster consists of 115 “dissatisfied” customers—with lower ratings on cus-
tomer satisfaction (Question #20) (Table 3). Indicators with the strongest influence on
overall dissatisfaction were price (Question #15), quality (Question #16), time (Question
#18), and information availability (Question #19). Information availability and time require-
ments are the most significant factors for the dissatisfaction of the first group of users. In
contrast, the consumers from the second cluster demonstrate greater satisfaction in online
shopping. In Table 3, the average estimates of indicators for two clusters, as well as the
absolute differences between these estimates, are also depicted.

Task 4. Build customer satisfaction model and verify it.
Solution
According to the previous research (Section 2), there is no consensus on what should

be considered inputs and outputs when evaluating consumer satisfaction in e-commerce
purchases. In order to solve this problem, we employed iteratively the PLS-SEM method in
SmartPLS software [55].
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The algorithm for constructing a structural regression consists of the following steps:
Step 1. Formulation of hypotheses about latent variables and the relationships between

them.
Step 2. Determination of indicators for latent variables.
Step 3. Numerical modeling and assessment of model quality.
Step 4. Examining model fit. If the model fits the data, then go to Step 5, else go to

Step 3 to improve the model.
Step 5. Interpretation of obtained results.
Step 1. Hypotheses creation about latent variables and the relationships between them.
Based on the synthesis and comparison of existing models for customer satisfaction

(Table 1), the research hypotheses in this study are as follows [29]:
H1: There is a significant impact of security on customer Satisfaction.
H2: There is a significant impact of information availability on customer satisfaction.
H3: There is a significant impact of shipping on customer satisfaction.
H4: There is a significant impact of quality on customer satisfaction.
H5: There is a significant impact of price on customer satisfaction.
H6: There is a significant impact of time on customer satisfaction.
H7: Demographic characteristics have a statistically significant impact on customer

satisfaction.
Note: The demographic characteristics include gender, age, educational level, and

residence.
Step 2. Determination of indicators for latent variables.
Indicators of latent variables are available in the survey questionnaire—7 constructs

with 26 indicator variables [51]. The measurement model consists of 21 input indicator vari-
ables: SE1, SE2, SE3 from the latent variable security (SE); IA1, IA2, IA3—from information
availability (IA); SH1, SH2, SH3, SH4, SH5, SH6—from latent variable shipping (SH); QU1,
QU2, QU3—from latent variable quality (QU); PR1, PR2, PR3—from latent variable price
(PR); TI1, TI2, TI3—from latent variable time (TI) and 5 output indicator variables CS1, CS2,
CS3, CS4, CS5—from output variable customer satisfaction (CS), represented in Figure 5.
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Table 3. Average values by clusters and absolute differences between clusters by indicators.

SH1 SH2 SH3 SH4 SH5 SH6 PR1 PR2 PR3

Cluster #1 1.600 2.609 2.243 1.757 2.139 2.470 2.600 2.948 2.948
Cluster #2 1.277 2.769 2.508 1.554 2.154 2.523 1.954 2.354 2.462
Difference 0.323 –0.161 –0.264 0.203 –0.015 –0.054 0.646 0.594 0.486

QU1 QU2 QU3 SE1 SE2 SE3 TI1 TI2 TI3

Cluster #1 2.452 2.878 2.574 2.035 2.157 2.183 1.791 1.609 2.887
Cluster #2 1.831 2.492 2.415 2.185 2.215 2.431 1.231 1.062 2.185
Difference 0.621 0.386 0.159 –0.150 –0.059 –0.248 0.561 0.547 0.702

IA1 IA2 IA3 CS1 CS2 CS3 CS4 CS5

Cluster #1 2.635 2.713 2.539 1.835 2.226 2.235 2.261 2.461
Cluster #2 1.938 2.031 1.738 1.062 1.246 1.246 1.200 1.231
Difference 0.696 0.682 0.801 0.773 0.980 0.989 1.061 1.230

Step 3. Numerical modeling and assessment of model quality.
The PLS algorithm was employed, and model parameters were calculated.
Step 4. Examining model fit. If the model fits the data, then go to Step 5, else go to

Step 3
The assessment of path coefficients shows that the model does not fit well, since

p-values of shipping and price, 0.311 and 0.947, respectively, lie out of their acceptable
limits (Figure 5). Therefore, the process goes back to Step 3, where the model settings are
changed by removing the two constructs (shipping and price).

As p-values of path coefficients (Step 4) of the new model are correct, the examination
continues with establishing the construct reliability and validity.
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Figure 5. Measurement model with six latent variables with their path coefficients and p-values.

Validity and Reliability
The first part of the validity check is to assess the measurement and structural models.

The measurement model establishes the validity and reliability of the construct. Its as-
sessment consists of the evaluation of construct reliability, indicator reliability, convergent
validity, and discriminant validity of the obtained components (endogenous and exogenous
constructs). The structural model measures the significance of hypothesized relationships.

Factor Loadings



Systems 2022, 10, 213 16 of 23

Factor loadings show “the extent to which each of the items in the correlation matrix
correlates with the given principal component. Factor loadings can range from −1.0 to +1.0,
with higher absolute value indicating a higher correlation of the item with the underlying
factor” [56]. All items in the study had factors higher than the recommended value of
0.5 [57]. Factor loadings are depicted on Figure 6 and Table 4.
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Figure 6. The SEM procedure’s result, the regression coefficient for each construct and coefficient
of determination.

Table 4. Factor loadings and multicollinearity statistics (VIF) for indicators.

Indicator
Variable

Factor
Loading

Indicator
Variable

Factor
Loading

Indicator
Variable VIF Indicator

Variable VIF

SE1 0.885 TI1 0.826 SE1 1.908 TI1 1.501
SE2 0.825 TI2 0.768 SE2 2.326 TI2 1.425
SE3 0.895 TI3 0.582 SE3 2.080 TI3 1.064
IA1 0.766 CS1 0.702 IA1 1.544 CS1 1.470
IA2 0.882 CS2 0.890 IA2 2.150 CS2 2.673
IA3 0.907 CS3 0.913 IA3 2.068 CS3 3.314
QU1 0.882 CS5 0.891 QU1 1.205 CS5 2.820
QU2 0.664 QU2 1.204
QU3 0.629 QU3 1.194

Indicator Multicollinearity
The variance inflation factor (VIF) statistic is utilized to access multicollinearity in

the indicators [58]. Multicollinearity is acceptable if the value for VIF is below 5. Table 3
presents the VIF values for the indicators and reveals that the VIF for each indicator is
below the recommended threshold.

Reliability Analysis
The two most used methods for establishing construct reliability (repeatability) include

Dillon–Goldstein’s rho (DG rho, rho_A in SmartPLS) and composite reliability (CR). The
criterion is that the DG rho and CR values should exceed 0.7 to indicate adequate reliability
of the construct [57]. The measurement model results (Table 4) have shown that the DG
rho and CR values were greater than 0.7, thus, confirming adequate construct reliability.
The DG rho ranged from 0.560 to 0.912 whereas CR ranged from 0.773 to 0.914. Both
indicators of reliability have reliability statistics over the required threshold, except the
time construct, whose value is slightly lower than the threshold. Hence, the construct
reliability is established. As a result, the DG rho and CR values for all factors in this study
are acceptable.

Construct Validity
The construct validity is established when there is convergent validity and discrimi-

nant validity.
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Convergent Validity
Convergent validity is the degree of agreement between multiple attempts to measure

the same concept. The convergent validity of the construct was determined using average
variance extracted (AVE), which should exceed 0.5 [58]. Since the result revealed that all
constructs had substantial AVE, the convergent validity of constructs for this study was
verified. The values of DG rho, CR, and AVE are depicted in Table 5.

Table 5. Construct reliability (DG rho and CR) and convergent validity (AVE).

Factor DG rho CR AVE

Security 0.912 * 0.902 * 0.755 *
Information Availability 0.868 * 0.889 * 0.729 *

Quality 0.737 * 0.773 * 0.538 *
Time 0.560 0.773 * 0.537 *

Customer Satisfaction 0.897 * 0.914 * 0.729 *
* DG rho: Dillon–Goldstein’s rho, CR: Composite reliability (>0.6); * AVE: Average variance extracted (>0.5).

Discriminant Validity
Discriminant validity is the degree of distinction between measures of different concepts.
Fornell and Larker Criterion
According to the Fornell and Larker criterion [59], discriminant validity is established

when the square root of AVE for a construct is greater than its correlation with all other
constructs. The obtained results show that square root of AVE (in italics) for each construct
are greater than its correlation with other constructs (Table 6), hence, providing strong
support for establishment of discriminant validity.

Table 6. Discriminant validity—Fornell and Larker criterion.

Factor Security Information
Availability Quality Time Customer

Satisfaction

Security 0.869
Information Availability −0.161 0.854

Quality −0.104 0.492 0.734
Time 0.039 0.265 0.273 0.733

Customer Satisfaction −0.171 0.507 0.434 0.629 0.854
Note: Italics represent the square root of AVE.

Cross Loadings
Cross loadings are used to test whether an item belonging to a particular construct

loads strongly onto its own parent construct or onto other constructs in the model. Table 7
indicates that factor loadings of all items are greater (in italics) on the underlying construct
to which they belong rather than on other constructs. Hence, based on the evaluation of
cross loadings, discriminant validity is attained.

Heterotrait-Monotrait Ratio (HTMT)
HTMT is based on the estimation of the correlation between the constructs. Discrim-

inant validity is established based on the HTMT ratio. The threshold for HTMT varies
in the existing literature between 0.85 and 0.9. The HTMT results (Table 8) show that
the HTMT ration for the constructs (except Time) is less than the required threshold of
0.9. The value of the time construct lies almost on the threshold and could be considered
statistically significant.
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Table 7. Discriminant validity—cross loadings.

Indicator
Variable Security Information

Availability Quality Time Customer
Satisfaction

SE1 0.885 −0.163 −0.068 −0.046 −0.165
SE2 0.825 −0.134 −0.075 0.088 −0.061
SE3 0.895 −0.125 −0.120 0.094 −0.168
IA1 −0.095 0.766 0.405 0.187 0.322
IA2 −0.109 0.882 0.457 0.175 0.412
IA3 −0.190 0.907 0.412 0.297 0.529
QU1 −0.205 0.500 0.882 0.251 0.447
QU2 0.087 0.308 0.664 0.198 0.227
QU3 0.014 0.183 0.629 0.129 0.198
TI1 0.010 0.218 0.198 0.826 0.462
TI2 0.027 0.106 0.166 0.768 0.480
TI3 0.050 0.265 0.237 0.583 0.431
CS1 −0.037 0.254 0.145 0.481 0.703
CS2 −0.167 0.455 0.367 0.602 0.890
CS3 −0.206 0.478 0.471 0.552 0.913
CS5 −0.142 0.506 0.443 0.513 0.891

Table 8. Discriminant validity—HTMT.

Factor Security Information
Availability Quality Time Customer

Satisfaction

Security
Information Availability 0.185

Quality 0.206 0.639
Time 0.136 0.400 0.454

Customer Satisfaction 0.174 0.570 0.516 0.910

Path Coefficients and evaluation of the structural model—hypotheses testing
The p-value of each pair of constructs is lower than 5% (for security and quality) or 1%

(information availability and time), which suggests a strong effect on customer satisfaction
(Figure 7 and Table 9). These results are consistent with our hypotheses and previous
studies. All regression coefficients are positive, except that for security. The R2 is 0.553,
which means that approximately 55% of variance of customer satisfaction with e-commerce
websites can be explained by the predictor variables security, information availability,
quality and time. The remaining part is explained by various other factors.
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Table 9. The path coefficient of relationship between latent variables.

Hypothesis β Samplemean Mean SD t
Statistics p Values R2 f2 Decision Q2

Security -> Customer
Satisfaction −0.131 −0.131 −0.131 0.064 2.060 0.038

0.553

0.037 Accept

0.390Information
Availability ->

Customer Satisfaction
0.278 0.278 0.283 0.064 4.373 0.000 0.126 Accept

Quality -> Customer
Satisfaction 0.141 0.141 0.143 0.070 2.027 0.044 0.033 Accept

Time -> Customer
Satisfaction 0.522 0.522 0.522 0.046 11.365 0.000 0.545 Accept

At the structural model level, the SE→ CS and QU→ CS pathways have a weak effect,
while the relationships IA→ CS and TI→ CS have a moderate influence. According to the
Q Square value, the model has a good prediction (Q Square is more than zero).

Step 5. Interpretation of obtained results.
The result of H1 testing, which is the effect of security, shows that cyber security

measures can increase user satisfaction (β = −0.131, p < 0.05). During the pandemic, many
Internet users are spending more hours online for work and social interaction, which means
that they are more vulnerable to cyber threats. Despite the large number of cyber threats
(financial frauds, phishing, DoS attacks, etc.) in e-commerce, the security has the lowest
(negative) impact on customer satisfaction. Multi-factor payment authorization and a
relatively small share of credit card holders minimize the safety risks of online shopping.

The effect of information availability (H2) shows that the available information can
increase customer satisfaction (β = 0.278, p < 0.001). The customer online buying process
is a complex information extensive process of multi-attribute decision-making. A con-
sumer needs to understand all the options in the online market before making an informed
decision. By understanding buyer’s needs and preferences during the pandemic, busi-
nesses can set up the most adequate way to present their products and services, especially
food, personal care and health products, entertainment products, and communication
technology goods.

Hypothesis three (H3) results concerning the effect of shipping on user satisfaction
shows that shipping has no impact on user satisfaction (Figure 5, path coe f f icient = 0.107,
p = 0.320). Often extra fees (taxes and shipping costs) make online transactions disappoint-
ing from the customer perspective. Additionally, the coronavirus pandemic exacerbated
disruptions along the supply chains. To overcome these disadvantages of online purchases,
many e-buyers prefer free shipping deals. Additionally, the pandemic has created a spike
in last-mile delivery. This result is in accordance with the survey’s outcome that 40% of
survey participants prefer free or reduced shipping rates. Therefore, there is no surprise
that shipping is an unimportant factor for e-customer satisfaction during the pandemic.

According to the H4 testing, the quality has a positive effect on customer satisfaction
with β = 0.141, p < 0.001. These values point out that during the pandemic, consumers
were not inclined to compromise on the quality of the purchased goods and services.

The test of hypothesis H5 concerning the effect of price leads to the conclusion that
the price does not have a statistically significant impact on customer satisfaction (Figure 5,
path coe f f icient = −0.005, p = 0.945). For online customers, the price does not matter in
case of urgent product need. From the other side, online sellers employ different techniques
(one-time promotions, flexible payment terms, or credit for future purchases) to meet their
near-term needs while providing flexibility for the buyers.

Regarding the test of hypothesis H6 concerning the impact of the time construct on
customer satisfaction, the estimates are as follows: β = 0.522, p < 0.05. The effective time
management is very important, especially when working remotely, and not surprisingly,
the saved time is an important factor for online consumers.
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The obtained results show a positive effect of the model constructs on customer
buying process: Information availability and quality are associated with the information
gathering and evaluation of alternatives stages, while security and time saved are linked
with selecting an option and implementing the decision.

Additionally, the obtained results exhibit that in both cases—before and during
a pandemic—the essential factors for customer satisfaction are information availabil-
ity [29,31,33,35] and time saved [17,29]. The influence of factors quality [21,29,33,35]
and security [20,24,29,32,35] also remains significant. While in the pre-pandemic period,
price [19,20,29,32,33] and shipping [19–21,29,35] are determinants for inclusion in online
transactions, in the pandemics—their influence is reducing.

The limitations of our study are as follows: (1) the subject of our study refers only to
a part of the online e-commerce—e-retail industry; (2) the size of the sample is relatively
small, and (3) the numbers of male and female participants are not equal. In addition, some
factors (for example psychological characteristics and monetary costs) are missing from the
model. Furthermore, our research was conducted only on the Bulgarian market; therefore,
its findings may be not generalized for other countries. The data are collected from a third
party (research university) instead from reports of e-commerce organizations.

Future research can expand the gained results including other markets and particular
sectors of retail industry. As the proposed SEM model does not represent the whole picture,
in future studies, more perspectives should be included.

Based on the obtained results, some suggested managerial implications for companies
selling their production on electronic market are as follows: (1) harmonize the relationships
between stakeholders in the supply chain; (2) create an integrated scheduling system for
advance planning; (3) implement adaptive marketing strategies; (4) improve consumer
database through regular data inputs; (5) and increase customer satisfaction including a
broader set of determinants. The proposed approach for analyzing customer satisfaction
should be applied periodically by companies. In this way, trends will be revealed in a
timely manner and organizations will be able to react quickly even to circumstances beyond
their direct control, such as negative reviews on social media.

5. Conclusions and Future Research

The strong competition in the retail industry forces companies to search for new
ways to attract new users online and convert them into loyal customers. The COVID-19
pandemic has further strengthened the role of customer satisfaction in e-retail, as consumer
preferences and expectations have undergone significant changes during the pandemic.

In the study, we employed customer data to develop and verify a new model, revealing
dependencies in consumer perception and attitude towards online shopping, identifying
good practices, and proposing measures for customer satisfaction in e-commerce.

The proposed model was applied to study the effect of the COVID-19 pandemic on the
online shopping of Bulgarian consumers. Our research shows that information availability
and time saved are the most significant factors for the satisfaction of e-commerce users in
pandemic times.

The obtained results could by summarized as follows:

• A dataset was collected via an online survey of customer opinions concerning the im-
pact of customer satisfaction on the e-buying process during the COVID-19 pandemic.

• According to the demographic analysis of the survey data, 92% of respondents origi-
nated from an urban residential area, 34% were under the age of 30, 73% were female,
and 33% declared Internet usage more than 4 h daily. According to their educational
level, the respondents formed three approximately equal sized groups (high school,
bachelor’s degree, and master and doctoral studies). A significant percent of respon-
dents reported a relatively high amount spent per one online purchase (33%) and per
year (75%). The sentiment analysis of customer opinions shows that the majority (86%)
demonstrates a positive attitude to online shopping as a measure for coping with the
COVID-19 health crisis.
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• The customers were grouped into two statistically significant clusters with the main
differences in information availability, time saved, price and quality.

• According to the obtained theoretical causal (SEM) model, hypotheses’ testing showed
that H1, H2, H4, and H6, assuming a significant impact on security, information
availability, quality and Time on customer satisfaction in e-commerce were correct.
Conversely, the hypotheses H3 and H5 were false, i.e., the constructs shipping and
price do not affect online customer satisfaction. The testing of H7 showed that there
are no differentiations in customer satisfaction depending on demographic factors
(age, gender, education level and area of residence.

In the future, we plan to: (1) extend the set of participants in our survey on online
shopping during coronavirus pandemic; (2) compare the obtained results with those
from similar studies from other countries by different attributes (age, academic degree,
and region); (3) shed light on changes and the evolution of e-commerce in the time of
COVID-19. Further analysis can also be carried out on implementation of fuzzy multi-
criteria decision-making methods to find out multi-attribute cause-effect relationships
between factors influencing customer satisfaction in e-commerce.
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