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Abstract: This study offers a comprehensive analysis of the e-commerce ecosystem in Yemen, iden-
tifying key opportunities and impacting factors to growth, and suggesting suitable strategies for
e-commerce startups. The study employs an integrated methodical approach, combining a literature
review, and data analysis using Grey Analytic Hierarchy Process (Grey AHP) and Grey Technique for
Order of Preference by Similarity to Ideal Solution (Grey TOPSIS). The literature review identifies
opportunities, challenges, and strategic solutions. The Grey AHP assesses the relative importance of
opportunities and challenges. The Grey TOPSIS ranks the best strategies that e-commerce startups
in Yemen can adopt to leverage these opportunities and manage the negative effects of the barriers.
The results show that large market potential, the underserved market, and the growing middle
class represent the most significant opportunities. In contrast, economic and political instability,
logistical challenges, and the lack of trust in online payments are the most significant impacting
factors. To overcome these challenges, the top three strategies recommended are building strategic
partnerships, offering secure payment and delivery options, and targeting the underserved market.
By implementing these strategies, the e-commerce ecosystem in Yemen can prosper, take advantage
of opportunities, and contribute to the country’s economic development.

Keywords: e-commerce; economic development; sustainable development; Grey AHP; Grey TOPSIS;
Yemen

1. Introduction

The rapid growth of e-commerce reshapes the global marketplace, transitioning from
traditional physical stores to virtual platforms where consumers easily access goods and
services from the comfort of their homes [1]. This digital revolution is fueled by advance-
ments in technology, increased internet penetration, and the widespread use of mobile
devices. The COVID-19 pandemic further accelerates the growth of e-commerce, as safety
concerns and social restrictions prompt individuals to explore new online purchasing
options for both essential and non-essential products and services. Consequently, global
e-commerce revenues witness an additional 19% sales growth in 2020 and an extra 22%
sales growth beyond the initially anticipated rates of 9% and 12%, respectively (Figure 1) [2].
However, the benefits of e-commerce expansion do not distribute evenly across countries
and regions. Developing countries, such as Yemen, often struggle to fully utilize the po-
tential of digital commerce due to political instability, widespread poverty, and fragile
infrastructure [3]. This study investigates the complex e-commerce landscape in Yemen,
identifying the barriers that hinder startup growth and the factors that enable them to
overcome these challenges.
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Recent years have seen Yemen grappling with a constellation of challenges including
an ongoing civil conflict since 2015, an unrelenting humanitarian crisis, and the catas-
trophic effects of the COVID-19 pandemic [4]. The war has perpetrated widespread vio-
lence, triggered massive population displacement, and inflicted deep-seated humanitarian
suffering. The fallout of this conflict has been disastrous, dealing a severe blow to the
economy, infrastructure, and social cohesion of the country. The estimated economic losses
from the destruction of infrastructure and commerce interruptions stand at a staggering
$89 billion [5]. Further, the conflict has disrupted the provision of basic amenities such as
healthcare, education, water, and sanitation, escalating the problem of food scarcity, malnu-
trition, and disease. Roughly 24 million people, accounting for 80% of the population, are in
dire need of humanitarian aid [6], making it the largest humanitarian crisis worldwide. The
COVID-19 pandemic has aggravated this critical situation, spreading rapidly in a nation
already grappling with weak healthcare capacity and infrastructure, and further straining
an overburdened humanitarian response [7].

In Yemen, where internet connectivity is sparse and the technological infrastructure
is underdeveloped, the concept of e-commerce is still embryonic [8]. A study conducted
by the United Nations Conference on Trade and Development (UNCTAD) projected the
worth of business-to-consumer (B2C) e-commerce in Yemen at merely seven million dol-
lars in 2018. Yemen’s budding e-commerce startups face substantial hurdles rooted in
the country’s deficient infrastructure, further exacerbated by the ongoing civil war and
humanitarian crisis. In 2020, the average revenue per user for mobile phone services in
Yemen was a meagre $2.70 per month (GSMA Intelligence, 2020), indicating that pricing
poses a significant challenge for e-commerce enterprises targeting Yemeni consumers [9].
Additionally, the Yemeni economy is heavily cash-dependent, and its populace exhibits
limited familiarity with online payment systems, which complicates the task for nascent
enterprises trying to encourage digital transactions [10]. The unstable political and security
climate also harbors threats of internet and service disruptions, while the traditional con-
servative Muslim culture presents additional obstacles, particularly for women aspiring to
establish their own businesses.

Despite the myriad challenges, Yemen holds considerable potential for businesses
pivoting towards online commerce. Over sixty percent of Yemen’s population is under
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the age of 25, yielding a youthful, tech-savvy demographic increasingly plugged into
the internet and social media [11]. This generation furnishes e-commerce firms with
a wealth of opportunities, which, coupled with a growing internet connectivity and a
distinct cultural heritage, formulates a unique market. Mobile devices, forecasted to boast
a penetration rate of approximately 73% in 2020, constitute an indispensable conduit for
e-commerce businesses in Yemen to engage with customers [12]. This is in a primarily cash-
reliant economy, thus offering a ripe market for businesses to introduce digital payment
solutions and related financial services. The shift to digital presents a potentially lucrative
market for entrepreneurial minds ready to seize the opportunities embedded in this digital
transformation. Moreover, the relatively unsaturated state of the Yemeni e-commerce
sector opens the door for new ventures to make their mark [12]. With judicious strategies,
e-commerce enterprises in Yemen have the potential to carve a successful path. Startups
can explore opportunities across various sectors such as fashion, beauty, and food. The
nation’s rich cultural heritage in traditional textiles and handicrafts can potentially be
marketed effectively online. Likewise, Yemen’s vibrant gastronomy, replete with unique
spices and flavors, could be packaged and sold through various online platforms. However,
to navigate the complex economic, social, and political landscape of Yemen and become
successful, businesses must demonstrate adeptness in devising innovative strategies to
surmount the challenges that stand in their way.

Recognizing the criticality of understanding and effectively navigating Yemen’s com-
plex e-commerce landscape, this research adopts a robust approach encompassing a com-
prehensive literature review, expert interviews, and the development of a Multi-Criteria
Decision Analysis (MCDA) framework. This was conducted for recognizing the pertinence
of such a comprehensive approach. The literature review aims to discern not only the
challenges but also the opportunities encountered by fledgling businesses in Yemen’s
e-commerce sphere. Upon the conclusion of the literature survey, potential solutions are de-
rived from both the reviewed literature and expert interviews to mitigate these challenges
and capitalize on the opportunities. The MCDA framework integrates two significant
methodologies—the Analytic Hierarchy Process (AHP) and the Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS). MCDA is particularly apt for analyzing
challenges and opportunities due to its capability to handle multifaceted decision-making
scenarios [13]. For the analysis, a diverse cohort of professionals from industry, academia,
and government were surveyed, their responses captured in structured questionnaires.
This research further refines the analytical process by merging Grey System Theory with the
AHP and TOPSIS, establishing the Grey Analytic Hierarchy Process (GAHP) and the Grey
Technique for Order of Preference by Similarity to Ideal Solution (GTOPSIS). This fusion
aims to mitigate potential biases and uncertainties in the experts’ inputs. The Grey System
Theory, proposed by Julong [14], efficiently addresses the ‘greyness’ or uncertainty inherent
in data. GAHP is employed to compute the relative weights of the various identified
opportunities and challenges. These computed weights are then inputted into the GTOP-
SIS to rank the proposed solutions. In the GTOPSIS model, opportunities are appraised
using a benefit-type criterion, while challenges are assessed based on a cost-type crite-
rion. Employing this analytical approach empowers the research to effectively scrutinize
Yemen’s e-commerce environment and offer practical strategies to surmount obstacles and
leverage opportunities.

This research aspires to offer several crucial contributions. Firstly, it delves into the
intricate nature of the e-commerce environment in Yemen, pinpointing the impediments
hampering the growth of startups and identifying the factors that can empower them
to overcome these obstacles. The study commences by examining the current state of
e-commerce in the country, subsequently proposing strategies that leverage enabling
factors to surmount challenges. This approach aids in fostering the long-term viability and
sustainability of e-commerce ventures in Yemen. Secondly, this comprehensive exploration
of the trials and opportunities confronting e-commerce entrepreneurs in Yemen contributes
to an enhanced understanding of digital commerce’s potential as a catalyst for economic
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growth and resilience under complex conditions. Furthermore, the findings shed light
on the broader implications of digital commerce for global trade, economic development,
and the empowerment of entrepreneurs in nations currently in the throes of war. Findings
from this research provide valuable insights for policymakers, development agencies, and
other stakeholders interested in fostering e-commerce sector growth. This holds true not
only for Yemen but also for countries facing similar challenges. By doing so, this study
not only enhances our understanding of the e-commerce landscape in Yemen but also
contributes to the global discourse on digital commerce’s role in promoting economic
resilience and development.

The rest of the paper is organized as follows: Section 2 reviews the literature and
explores drivers, barriers, and strategies from the existing literature, Section 3 develops an
integrated methodology to find the relative importance of barriers and drivers and then
prioritizes the strategies, Section 4 presents findings and discusses the results, and Section 5
concludes the study and provides policy implications.

2. Literature Review

E-commerce experiences significant growth in recent years, with various factors con-
tributing to its popularity. Numerous studies have explored the rise of e-commerce in
different contexts. For example, Galhotra and Dewan [15] investigated the impact of ex-
ternal factors on e-commerce in India. Hasanat et al. [16] assessed the effect of market
conditions on Malaysian online businesses. Kim [17] looked at structural changes in con-
sumer behavior and market digitalization. Shahzad et al. [18] conducted a quantitative
online survey-based study on e-commerce in Malaysian healthcare. Dinesh and Muni-
Raju [19] attempted to comprehend the characteristics that help e-commerce enterprises
improve their operations. Hoang et al. [20] conducted empirical research on the use of
e-commerce by small and medium enterprises (SMEs) in Vietnam. The literature review
revealed various opportunities, barriers, and strategies for e-commerce, offering valuable
insights for effective e-commerce adoption. While the focus of our study is the Yemeni con-
text, similar e-commerce opportunities, barriers, and strategies have been observed globally.
Studies from diverse countries such as India, Malaysia, and Vietnam have shown patterns
of growth, challenges, and mitigation strategies that resonate with the Yemeni environment.
By understanding these international contexts, we can better position Yemen’s e-commerce
prospects and challenges within the global framework. Building upon the findings of
existing studies, the next subsections will delve into the unique context of e-commerce
startups in Yemen, focusing on the specific opportunities, barriers, and competing strategies
related to this understudied market.

2.1. Opportunities for E-Commerce Startups in Yemen

Yemen offers a wealth of opportunities for e-commerce startups. The country’s
population is young and tech-savvy, and the internet is widely available. This means
that entrepreneurs can reach a large potential customer base with relative ease. Further-
more, the country’s economy is largely cash-based, which presents an opportunity for
startups to offer digital payment solutions and other financial services. This could open
up a lucrative market for entrepreneurs looking to capitalize on the country’s digital
transformation. Additionally, the e-commerce market in Yemen is not overly saturated,
so there is plenty of room for new businesses to enter the market and make an impact.
With the right strategies, e-commerce startups in Yemen could be highly successful. After
conducting an exhaustive survey of the existing literature on e-commerce startups in
Yemen, a list of potential opportunities for success has been compiled and is presented
in Table 1.
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Table 1. Opportunities for e-commerce startups.

Opportunities Description and Rationale References

Large market potential

While Yemen currently grapples with economic challenges, its
sizable and growing population presents a significant market
opportunity for e-commerce businesses. The potential for
growth in Yemen’s e-commerce sector is on an upward
trajectory, making it an enticing prospect for budding
enterprises.

[8,12,21–27]

Underserved market

E-commerce in Yemen is in its nascent stages, and a large
portion of its potential clientele remains untapped. This
scenario creates an opening for new entrants to claim market
share and solidify their position as industry front-runners. The
relative absence of well-established companies in this sector
provides a platform for e-commerce startups in Yemen to
distinguish themselves from rivals by offering unique products
and services that cater to the needs of Yemeni customers.

[22,25,27–30]

Growing middle class

As Yemen’s middle class expands, coupled with a rise in
disposable income, e-commerce businesses now have the
opportunity to offer a more diverse range of goods and services
that are aligned with the needs and tastes of this burgeoning
consumer base. This shift in consumer demographics paves the
way for more targeted marketing strategies and product
diversification, enabling e-commerce businesses to cater to
evolving consumer preferences and cultural norms.

[9,12,21,23–26,31–34]

Increased internet penetration

Yemen’s growing internet penetration presents an opportunity
for e-commerce startups to reach a larger audience and expand
their customer base, as more Yemenis gain access to the internet
and mobile devices. The parallel growth in e-commerce and
internet accessibility is mutually reinforcing, with increased
connectivity leading to more e-commerce activities, and vice
versa, contributing to an interconnected and digitally
savvy society.

[9,28,30–32,34,35]

Government support

The Yemeni government has been actively promoting
e-commerce as a means of supporting economic growth and
development in the country. This support creates a supportive
environment for e-commerce startups, providing them with
opportunities for growth and success.

[9,28,30,32,34,35]

Diversification of economy

While the oil sector is a key pillar of the Yemeni economy, it
faces challenges due to dwindling reserves and production.
This presents a window for e-commerce businesses to branch
out into new economic sectors and diversify their offerings. By
fostering growth in sectors other than oil, the e-commerce
industry not only mitigates the risks associated with
over-reliance on oil but also potentially contributes to a more
stable and resilient economy.

[28,30–32,34–36]

Convenient and accessible shopping

E-commerce provides a convenient and accessible way for
consumers in Yemen to shop for goods and services, without
having to physically travel to a store. This convenience is
particularly significant for remote or rural areas, allowing
greater access to products and services that were previously
unattainable, thereby promoting inclusivity and equality in the
commercial landscape.

[8,21,22,25,27,28,35,36]

Increased competition

Increased competition in the Yemeni e-commerce market has
the potential to fuel innovation, lead to lower prices and
improved product and service quality, ultimately providing
substantial benefits for Yemeni businesses and consumers alike.

[8,9,21,31,32,36]
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2.2. Impacting Factors for E-Commerce Startups in Yemen

While there are evident advantages to conducting online business in Yemen, there are
also associated risks. A substantial proportion of transactions within the country still relies
on cash, and many individuals lack familiarity with making online payments. This could
pose a challenge for new businesses trying to persuade their customer base to transition
online. Additionally, the precarious political climate and volatile security situation could
result in disruptions to the internet and other vital services. The ongoing civil conflict
further complicates the business landscape, as it breeds instability and unpredictability,
both of which could hinder the successful operation of an e-commerce venture. The lack of
adequate infrastructure poses another significant risk. Yemen has limited payment options,
and its internet infrastructure lags behind that of other countries. This can lead to extended
page loading times, which could negatively impact the user experience. Furthermore, the
possibility of falling victim to fraud is not entirely ruled out, as there are unscrupulous
individuals in Yemen who aim to exploit the burgeoning e-commerce industry. Table 2
presents an overview of these potential challenges that could impede the long-term survival
and growth of new businesses.

Table 2. Impacting factors for e-commerce startups.

Impacting Factors Description and Rationale References

Economic and political instability

Economic and political instability could cultivate an
environment that is unfavorable for the development of the
e-commerce businesses due to the inherent unpredictability.
New ventures may struggle to attract investment and
expand their operations in regions plagued by political
unrest or armed conflict, consequently reducing their
chances of success.

[12,22–24,26,29,33,37,38]

Logistical challenges

A host of logistical challenges, including inadequate
infrastructure and limited delivery options, could also
hinder the growth of e-commerce ventures. Such constraints
could complicate the establishment of a robust supply chain
and the delivery of goods to customers, further restricting
the growth potential of these startups in Yemen.

[8,21,22,25,27]

Lack of trust in online payments

The development of e-commerce startups in Yemen could
also be impeded by customers’ preference for
cash-on-delivery transactions, compounded by a general
distrust in the security of online payment systems. Such a
scenario could lead to reduced sales and fewer revenue
streams, thereby diminishing the prospects of the
company’s success.

[28,30,34–36]

Limited access to credit

Access to finance and funding opportunities represents
another significant hurdle for e-commerce startups in
Yemen. Without sufficient financial resources, a company
may struggle to expand its operations, innovate new
products or services, and compete with market incumbents,
ultimately diminishing its chances of success.

[9,31,32,34,35]

Competition from established players

Yemen’s e-commerce businesses could encounter fierce
competition from already established firms, both locally and
globally. Such competition could make it challenging for
new entrants to capture market share and solidify their
position in the e-commerce industry, thereby reducing their
likelihood of success.

[12,21–27,33]
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Table 2. Cont.

Impacting Factors Description and Rationale References

Lack of consumer awareness

Limited consumer awareness about e-commerce and its
advantages can be a major hurdle for startups to expand
their customer base in Yemen. Under these circumstances,
new ventures might encounter challenges in establishing
brand recognition, cultivating trust, and convincing
prospective customers to transition to online purchasing.
The potential negative implications of these factors on the
likelihood of their success cannot be overlooked.

[9,28,30–32,35,37]

Cybersecurity risks

Risks related to cyber security are an important aspect that
may have a significant effect on the success of e-commerce
firms in Yemen. The safety of sensitive client information,
such as financial and personal details, necessitates that
newly established businesses make significant investments
in information-safeguarding technologies. E-commerce
businesses in Yemen are susceptible to cyber attacks due to
the sensitive nature of the consumer information they
manage. This highlights how important it is to invest in
security measures in order to protect client information
from being compromised.

[12,23,24,26,29,30,36]

Government regulations

Regulations and rules enacted by the government in Yemen
play an important part in the development of the
e-commerce ecosystem there and have the potential to
greatly influence the expansion of new businesses within
the industry. E-commerce start-ups have a responsibility to
keep themselves updated on any new legislation and to
guarantee that they are in compliance with such regulations
in order to avoid the fines and legal concerns that might
hinder their progress.

[8,21,25,27,28,34–36]

Shortage of investment

The growth potential for e-commerce businesses in Yemen
may be constrained as a consequence of a lack of investment
in the Yemeni economy, which is a result of both the
continuing war and the economic issues the nation is facing.
The inability of a startup company to innovate, create new
goods or services, and extend their operations may have a
negative influence on the company’s prospects of becoming
successful in the market.

[12,22–27,33,38]

2.3. Strategies to Promote Success of E-Commerce Startups

E-commerce businesses in Yemen may use a variety of techniques that capitalize
on opportunities and reduce the impact of influential variables in order to overcome the
obstacles they face and achieve the greatest amount of success possible. In the evolving
landscape of e-commerce, strategies that startups employ may vary from one region to
another. While some strategies like targeting underserved markets and prioritizing security
are often universally acknowledged, the specific socio-economic and political contexts,
such as that of Yemen, require specially tailored solutions.

2.3.1. Target the Underserved Market

E-commerce start-ups have the ability to target underserved populations in order to
tap into unknown areas since there is a vast potential market and a rising middle class. The
provision of products and services to regions that are presently underserved and that have
little or no access to typical retail alternatives is an option that may be pursued by startups.
This strategy may help new businesses acquire a loyal client base and carve out a specialized
market in an industry that may have been disregarded by more established competitors.
For instance, many developing economies, such as Southeast Asia and parts of Africa, have
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seen e-commerce startups succeed by focusing on the underserved markets. Emulating
this strategy can be fruitful for Yemen, considering the similarities in market potential.

2.3.2. Offer Secure Payment and Delivery

E-commerce firms should give top priority to safe payment and delivery alternatives
in order to answer concerns about the dangers associated with cybersecurity. Building
confidence with clients and lowering cybersecurity threats may be accomplished by forming
strategic alliances with reputable logistical suppliers and introducing encrypted payment
methods. It is noteworthy that established regions like Europe and North America rely on
secure platforms such as PayPal and Apple Pay. Adapting global best practices to Yemen’s
context could be a game changer.

2.3.3. Focus on Cash-on-Delivery

Focusing on cash-on-delivery (COD) alternatives is one way to circumvent problems
associated with insufficient access to credit and a general mistrust of online payment
systems. Like in early e-commerce markets in India and parts of the Middle East, Yemen
observes cash on delivery (COD) as a dominant form of payment.

2.3.4. Increase Consumer Awareness

Startups in Yemen face a significant hurdle due to a lack of customer awareness
about e-commerce. To counter this, new businesses should prioritize customer education
on the benefits of online shopping and the use of e-commerce platforms. This can
be achieved through targeted marketing campaigns, partnerships with social media
influencers, and offering tutorials and webinars designed to help customers gain a more
profound understanding of how to navigate various platforms. This approach mirrors
global giants like Amazon and Alibaba, which utilize extensive marketing to familiarize
customers with e-commerce. Yemeni startups can similarly craft localized campaigns for
effective outreach.

2.3.5. Build Strategic Partnerships

Established firms in the Yemeni e-commerce market pose a substantial challenge for
emerging businesses. To mitigate this, newcomers might consider forming strategic al-
liances with more established companies. Such partnerships could provide access to a larger
customer base, enhanced supply chain networks, and experience in dealing with regulatory
hurdles. This could be executed through strategic partnerships, joint ventures, or merg-
ers. Forming strategic collaborations with entrenched entities in the financial sector and
logistics industry could be another approach to tackle the issue of limited investment and
the logistical challenges they present. This strategy could aid new businesses in reducing
costs and establishing trust with their target audience. Such partnerships have precedence.
For example, local e-commerce startups in the Middle East have formed partnerships with
global players like Amazon, providing an illustrative model for Yemeni businesses.

2.3.6. Stay Abreast of Government Regulations

E-commerce startups in Yemen may encounter difficulties due to government regula-
tions, thus necessitating staying current with the latest regulatory changes. Compliance
with relevant laws should be a priority for startups, and they should engage constructively
with government authorities to resolve any regulatory concerns. To achieve this, leveraging
lobbying organizations, industry associations, and maintaining close collaboration with reg-
ulatory bodies to address issues as they arise could prove effective. Drawing parallels, the
GDPR compliance in Europe and evolving e-commerce norms in Asia signify the universal
challenge of regulations in e-commerce. Yemeni startups can strategize by benchmarking
against these global shifts.
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2.3.7. Differentiate from Competitors

Rising levels of competition can be countered by differentiating from competitors in
terms of product offerings, the quality of customer service, and the degree of personalization
in shopping experiences. E-commerce startups could carve out a competitive advantage
by focusing on their inherent strengths and cultivating a network of loyal customers.
Internationally, differentiation is pivotal. Platforms in Southeast Asia, such as Shopee and
Lazada, demonstrate this by offering unique shopping experiences. Yemeni startups can
glean insights from such approaches.

2.3.8. Access Funding

Shortage of investment is a significant hindrance to e-commerce startups in Yemen. To
address this, startups should explore funding opportunities such as venture capital, angel
investors, and crowdfunding. By analyzing the growth stories from startups in markets
like India, Brazil, and Indonesia, Yemeni ventures can discern valuable lessons. A robust
business plan, rooted in regional nuances, will be pivotal.

3. Methodology

The theoretical framework for this study, depicted in Figure 2, has been designed
following a comprehensive review of the latest advancements in the applications of Grey
AHP, Grey TOPSIS, and grey theory in MCDM. The review not only considers potential
opportunities and influential variables but also encompasses an examination of the recent
studies such as Ulutaş et al. (2021), which presented a new integrated grey MCDM
model in the context of warehouse location selection [39]. Similarly, Badi et al. (2023)
utilized Grey TOPSIS in the decision-making process for solar-farm-location selection
in Libya [40]. Other studies that have employed Grey AHP include [41], where Grey
AHP was used to select a healthcare-waste-disposal strategy, and [42], where it assisted in
environmental vulnerability assessment. Grey TOPSIS has been extensively explored by
researchers like [43] for prioritizing waste-to-energy solutions, and [44] for benchmarking
smart manufacturing drivers. Grey theory’s applications in MCDM have been growing,
with works by [45] on mining and mineral planning, revealing the versatility and efficiency
of these methods. Building on these insights and methodologies, Grey AHP shall be
employed in this study to determine the relative importance of opportunities and impacting
factors, which are then prioritized based on their level of significance. Finally, Grey TOPSIS
shall be applied to prioritize strategies, aligning with the contemporary practices and
developments in the field as reflected in the referenced literature.

3.1. Grey System Theory

Grey theory is a mathematical approach designed to tackle decision-making problems
amidst ambiguity [14]. The theory is segmented into five main components: grey relational
analysis, grey forecasting, grey programming, grey decision-making, and grey control.
Compared to traditional statistical methods, grey models require significantly fewer data
to comprehend the behavior of uncertain systems and yield consistent, unbiased point
estimates [46]. In grey systems, aspects such as operations, mechanisms, structures, and
behaviors are not entirely comprehended or fully predictable, but rather, they are partially
known. The constituents of the grey system, including its operation, structure, behavior,
and mechanism, are neither completely predictable nor fully understood, though they are
partially known. The concept of the grey system categorizes the degree of information
into three tiers, as depicted in Figure 3. These tiers are labeled “white,” “grey”, and
“black”, corresponding to “fully-known”, “partially-known”, and “completely unknown”
knowledge, respectively.
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Grey numerals are often symbolized by the ⊗ sign. Let’s define ⊗a as a grey number
⊗a = [a, a] in which a is the lower bound and a is the upper bound. Let c ∈ m, while
⊗a1 = [a1, a1] and ⊗a2 = [a2, a2] are two grey numbers, then the following are the funda-
mental arithmetic operations that can be performed between these two numbers:

⊗a1 +⊗a2 = [a1 + a2, a1 + a2] (1)

⊗a1 −⊗a2 = [a1 − a2, a1 − a2] (2)
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⊗a1 ×⊗a2 = [min(a1a2, a1a2, a1a2, a1a2), max(a1a2, a1a2, a1a2, a1a2)] (3)

⊗a1 ×⊗a2
−1 =

[
min

(
a1
a2

,
a1

a2
,

a1

a2
,

a1
a2

)
, max

(
a1
a2

,
a1

a2
,

a1

a2
,

a1
a2

)]
(4)

c×⊗a1 = c[a1, a1] = [ca1, ca1] (5)

⊗a1
c =

[
a1

c, a1
c] (6)

The study uses grey numbers as a means of reflecting subjectivity and reducing the
ambiguity in the feedback of decision makers. The linguistic scale that was used in this
study is represented by gray numbers and can be seen in Table 3. The evaluation values are
going to be converted into gray numbers accordingly.

Table 3. Grey linguistic scales.

Importance Level Linguistic Term Symbol Corresponding Grey Number ⊗
9 Very high VH [0.8, 0.9]
7 High H [0.6, 0.8]
5 Low L [0.4, 0.6]
3 Very Low VL [0.2, 0.4]
1 None N [0.1, 0.2]

3.2. Grey AHP

The Analytical Hierarchy Process (AHP) method is a structured multi-criteria decision-
making (MCDM) methodology that is used to organize and assess complex decision-making
processes. Since Saaty first introduced the AHP in 1977 [47], it has gained significant
recognition from a growing number of researchers throughout the world. AHP allows for
the consideration of both quantitative and qualitative data in the decision-making process,
which may then be based on a wide range of criteria. From pairwise comparisons, the
approach derives the relative rankings of the various options according to the criteria
that are stated. The Analytic Hierarchy Process (AHP) has been included into a variety
of MCDM techniques and has also been combined with other theoretical frameworks,
such as fuzzy set theory [48]. In order to remove the need for subjective evaluations
during the decision-making process, the Analytical Hierarchy Process (AHP) was combined
with the grey system theory. The basic procedure of the GAHP is the same as that of
the AHP; the only difference is that the GAHP uses fuzzy numbers rather than clear
integers. The representation of grey numbers as well as the language phrases employed in
GAHP are shown in Table 3, and the phases of the approach are outlined in the following
paragraphs [49]:

Step 1: Construct a hierarchical structure to define the problem including goal, criteria,
and alternatives.

Step 2: Obtain experts’ feedback using the grey linguistic scale given in Table 3.
Step 3: Construct the integrated pairwise grey comparison matrix G of the feedback

given by decision maker z as follows:

G =

⊗xz
11 · · · ⊗xz

1n
...

. . .
...

⊗xz
m1 · · · ⊗xz

mn

 =


[
xz

11, xz
11
]
· · ·

[
xz

1n, xz
1n
]

...
. . .

...[
xz

m1, xz
m1
]
· · ·

[
xz

mn, xz
mn
]
 (7)

where ⊗xz
ij =

[
xz

ij, xz
ij

]
and z ∈ {1, 2, 3, . . . , Z}. For all pairwise comparisons, the upper

component of major diagonals, such as conventional AHP, is employed; the lower compo-
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nents are determined using Equation (8); components on primary diagonals, on the other
hand, are equal to 1, as indicated in Equation (9).

⊗xk
ij =

[ 1
xk

ij
, 1

xk
ij

]
(8)

⊗ak
ii = [1, 1] (9)

Step 4: Combine the responses of experts by aggregating pairwise comparison matrices
using Equation (10) (geometric mean formulation). This formulation is unaffected by very
high or extremely low values for the pairwise comparison matrix. According to [50], the
only method for determining weights from several pairwise comparisons that satisfies
fundamental requirements for consistency is the geometric mean. This is the case even
though there are other methods available. In addition, in the additive circumstance, the
geometric mean solution is the only route out that maintains the issue’s rich algebraic
structure and is naturally consistent with the arithmetic mean solution. This is because the
geometric mean solution is derived from the geometric mean of the original problem. The
calculation is exactly the same as that of the conventional AHP, which also makes use of
the formula for the geometric mean. However, the calculations that are carried out for the
bottom and upper bounds of the grey numbers are not the same. When all of the pairwise
comparison matrices are merged, the consolidated pairwise matrices may be presented as
Gy =

[
⊗xij

]
mn without requiring the number of decision maker.

⊗xij =
Z

√√√√ Z

∏
z=1
⊗xz

ij (10)

Step 5: Normalize the integrated pairwise matrices using modified Converting Fuzzy
data into the Crisp Scores (CFCS) approach, as shown in Equations (11) and (12) [51]:

⊗xz
ij =

(
⊗xz

ij −minj ⊗ xz
ij

)
∆max

min
(11)

⊗xz
ij =

(
⊗xz

ij −minj ⊗ xz
ij

)
∆max

min
(12)

where ∆max
min = max⊗ xz

ij −min⊗ xz
ij.

Step 6: Calculate each criterion’s grey weight by averaging the rows, as shown in
Equation (13):

⊗wi =
∑n

j=1⊗xz
ij

n
(13)

where n = {1, 2, . . . , N} is the criterion set.
Step 7: Convert grey weights to white using Equation (14) making their interpretation

and analysis easier and more accurate. The white values are crisp numbers with a possible
value between lower and upper bounds of an interval grey weight, as shown below:

Mi = (1− λ)wi + λwi (14)

where λ (whitening coefficient) is λ ∈ [0, 1].
The consistency ratio (CR) of all the pairwise matrices were computed to process

consistent feedback only. If the CR was greater than 10%, then the responses were recorded
again. The CRs were computed using Equation (15).

CR =
λmax−n

n−1
Random Index Value

(15)
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3.3. Grey TOPSIS

The TOPSIS (The Technique for Order Preference by Similarity to Ideal Solutions)
technique was presented in 1981 by Hwang and Yoon as an ideal point multi-criteria
decision-making approach and was tried by assessors and various administrators. TOPSIS
strategy chooses an option with the most extreme closeness/nearest to the positive ideal
solution [52,53]. In this strategy, alternatives are appraised dependent on ideal solution
similarity. In the event that an option is more like an optimal solution, it has a higher
grade. The Ideal solution is the best arrangement from any viewpoint that does not exist
in actuality and is being approximated. TOPSIS is prefaced on the idea that the ideal
arrangement has the best level for all credits viable while the negative ideal is the one
with the very most exceedingly terrible characteristic qualities. The positive ideal solution
augments the advantages’ alternative and limits the cost criteria while the negative ideal
solution amplifies the cost criteria and limits the advantages options [54]. For estimating
the comparability of a choice to the best arrangement and non-ideal solution, we think
about the distance of that alternative from ideal and non-ideal solution.

This research incorporates grey system theory and TOPSIS to prioritize strategies for
e-commerce startups. Grey-TOPSIS is generally proper for taking care of the collective
choice-making issues under an uncertain environment. In this study, the weights of criteria
and ratings of performance measurements are considered as linguistic variables. The
linguistic variables are introduced in grey numbers by scales that are acknowledged by
decision makers. The following are the steps involved in ranking the alternatives using the
Grey-AHP and TOPSIS-Grey approach [55]:

Step 1: Develop the hierarchal structure of the problem by defining goal, criteria, and
alternatives to be evaluated.

Step 2: Compute weights of criteria using Grey AHP.
Step 3: Rate alternatives with respect to each criterion using linguistic values given in

Table 4.

Table 4. Grey scale for rating alternatives with respect to criteria.

Linguistic ⊗X

Very low (VL) [0, 1]
Low (L) [1, 3]

Moderate Low (ML) [3, 4]
Moderate (M) [4, 5]

Moderate High (MH) [5, 6]
High (H) [6, 9]

Very High (VH) [9, 10]

Step 4: Define the TOPSIS-Grey decision matrix Dk as

Dk =


⊗xk

11 ⊗xk
12 ⊗xk

13 . . . ⊗xk
1m

⊗xk
21 ⊗xk

22 ⊗xk
23 . . . ⊗xk

2m
⊗xk

31 ⊗xk
32 ⊗xk

33 . . . ⊗xk
3m

. . . . . . . . . . . . . . .
⊗xk

n1 ⊗xk
n2 ⊗xk

n3 . . . ⊗xk
nm

 (16)

where ⊗xk
ij represents a grey evaluation of ith alternative with respect to the jth criteria

by decision maker k (k = 1, 2, 3, . . . , K); ⊗xk
i =

[
⊗xk

i1,⊗xk
i2,⊗xk

i3, . . . ,⊗xk
im ] represents an

evaluation of ith alternative by the kth decision maker.
Step 5: Normalize Dk using Equation (17) (for benefit-type criteria) and Equation (18)

(for cost-type criteria):

⊗gij =
⊗xij

maxi
(
xij
) = (

xij

maxi
(
xij
) ;

xij

maxi
(
xij
) ) (17)
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⊗gij = 1−
⊗xij

maxi
(
xij
) = (1−

xij

maxi
(
xij
) ; 1−

xij

maxi
(

xij
) ) (18)

where xij denotes interval’s lower value and xij denotes the interval’s upper value.
Step 6: Compute the positive ideal alternative Ak+

i and a negative ideal alternative
Ak−

i using Equation (19), and Equation (20), respectively.

Ak+
i =

{(
max gij

i

∣∣∣∣∣j ∈ J

)
,
(

min
i

g
ij

∣∣∣∣j ∈ J′
)∣∣∣∣∣i ∈ n

}
=
[
g+1 , g+2 , g+3 , . . . , g+m

]
(19)

Ak−
i =

{(
min

i
g

ij

∣∣∣∣j ∈ J
)

,

(
max gij

i

∣∣∣∣∣j ∈ J′
)∣∣∣∣∣i ∈ n

}
=
[
g+1 , g+2 , g+3 , . . . , g+m

]
(20)

where J denotes benefit-type criteria (larger the better), while, J′ represents cost-type criteria
(smaller the better).

Step 7: Compute alternatives’ positive ideal solution distance dk+
i and negative ideal

solution distance dk−
i using Equation (21), and Equation (22), respectively.

dk+
i = {1

2

m

∑
j=1

wj[|gk+
j − gk

ij
|p + |gk+

j − gk
ij|

p
]}

1/p

(21)

dk−
i = {1

2

m

∑
j=1

wj[|gk−
j − gk

ij
|p + |gk−

j − gk
ij|

p
]}

1/p

(22)

In Equations (21) and (22), p = 2 (Euclidean distance function), and wj is the weight
of jth criterion determined using Grey AHP.

Step 8: Obtain relative closeness (C+
i ) to the ideal solution using Equation (23).

C+
i =

d−i
d+i + d−i

, (i = 1, 2, 3, . . . , n) (23)

Step 9: Rank the strategies based on C+
i score; the larger score of C+

i indicates the
better alternative.

4. Results and Discussion

This section presents the findings of the Grey Analytic Hierarchy Process (Grey AHP)
and Grey Technique for Order of Preference by Similarity to Ideal Solution (Grey TOPSIS)
models, applied to measure the relative importance of opportunities, impacting factors,
and prioritize strategies. The results are divided into two subsections: the first subsection
discusses the outcomes of Grey AHP, while the second subsection focuses on the Grey
TOPSIS findings.

4.1. Grey AHP

The Grey AHP model was utilized to evaluate the relative significance of opportunities
and impacting factors in the context of our study. The first step was to build a hierarchical
structure, as well as to define the issue that needed to be solved. The hierarchical structure
that was used in this study can be seen shown in Figure 4 and comprises three separate
levels. Assessing the factors that contribute to steady expansion in the selected industry
is the primary objective of this research, which brings us to the first level of the hierarchy.
The second level is comprised of the impacting elements and opportunities that lead to this
kind of sustainable development. The third and final level is comprised of the strategies or
alternatives that have been developed to make the most of these possibilities and to lessen
the impact of the causes that are impacting them. This hierarchical structure serves as the
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foundation for the Grey AHP analysis, enabling a systematic evaluation of the relevant
factors and subsequent prioritization of strategies.
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Later, pairwise comparison matrices were developed for opportunities and impacting
factors separately, and both matrices were computed using Grey AHP computational steps.
The consistency ratio for both matrices was less than 0.1, which indicates that the matrices
were consistent.

First, the relative importance of opportunities was computed, as depicted in Figure 5.
The large market potential, with a weight of 0.175, stands out as the most significant
opportunity, highlighting the vast potential for businesses to expand and capture a more
considerable market share. In comparison, the underserved market, at a weight of 0.171,
presents a similarly crucial opportunity for businesses to target niche segments and address
unmet needs, thereby further strengthening their market presence. The growing middle
class, with a weight of 0.153, signifies a burgeoning target market with increased purchasing
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power. This group represents an attractive consumer base that can drive business growth
and success. In tandem, the increased internet penetration, weighted at 0.141, underscores
the importance of adopting digital strategies to reach a wider audience, enhance customer
engagement, and streamline business operations.
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Moreover, government support, with a weight of 0.110, showcases the benefits of
aligning business practices with favorable policies and taking advantage of incentives to
promote growth. Convenient and accessible shopping, at a weight of 0.099, emphasizes the
need for businesses to invest in creating seamless customer experiences to retain clients
and foster loyalty. The diversification of the economy, at a weight of 0.081, highlights
the value of adapting to the evolving economic landscape and exploring new markets or
industries. This strategy can serve as a catalyst for businesses to innovate and maintain
their competitive edge. In contrast, increased competition, with a weight of 0.070, serves
as a reminder that businesses must continually refine their strategies to stay ahead in a
dynamic market. These findings suggest that businesses should capitalize on the large
market potential and underserved markets, cater to the growing middle class, harness the
power of the internet, improve customer experience, align with government initiatives, and
adapt to the competitive landscape to maximize their potential.

Next, the relative importance of impacting factors was computed, as presented in
Figure 6. Economic and political instability emerged as the most impactful factor, carrying a
weight of 0.171, highlighting the importance of businesses navigating uncertain conditions
and adjusting their strategies accordingly. Logistical challenges, with a weight of 0.153,
ranked second, indicating that businesses must address transportation, warehousing, and
supply chain management to remain competitive. The lack of trust in online payments,
at a weight of 0.115, surfaced as the third most crucial impacting factor, suggesting that
businesses need to address customer concerns about security and reliability to foster the
adoption of digital payment methods. Other impacting factors, such as limited access to
credit (0.106), competition from established players (0.090), and lack of consumer awareness
(0.111), underscore the challenges businesses encounter in securing funding, differentiating
themselves in the market, and informing potential customers about their products and
services. Cybersecurity risks, with a weight of 0.097, highlight the importance of safeguard-
ing sensitive business and customer information. Government regulations, at a weight of
0.100, emphasize the need for businesses to remain updated on and adhere to relevant laws
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and policies. Lastly, the shortage of investment, weighted at 0.057, brings attention to the
necessity of securing adequate funding for business growth and operations.
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Figure 6. Relative weights of impacting factors.

After determining the relative importance of opportunities and impacting factors, the
study calculated their final weights by multiplying the Grey AHP weights of opportunities
with 0.5 (weightage of opportunities) and the Grey AHP weights of impacting factors
with 0.5 (weightage of impacting factors). The final weights are provided in Table 5. The
highest weighted opportunity was the large market potential (0.088), and the most critical
impacting factor was economic and political instability (0.086). These findings provide a
foundation for prioritizing strategies based on their relevance to the identified opportunities
and impacting factors. The detailed analysis of the opportunities and impacting factors
allows for a more in-depth understanding of the challenges and potential avenues for
growth. The next subsection will present the results of the Grey TOPSIS model, which
further refines the prioritization of strategies.

Table 5. Final weights of opportunities and impacting factors.

Weight Final Weights

Opportunities Large market potential 0.175 0.088
Underserved market 0.171 0.086
Growing middle class 0.153 0.077
Increased internet penetration 0.141 0.071
Government support 0.110 0.055
Diversification of economy 0.081 0.041
Convenient and accessible shopping 0.099 0.050
Increased competition 0.070 0.035

Impacting Factors Economic and political instability 0.171 0.086
Logistical challenges 0.153 0.077
Lack of trust in online payments 0.115 0.058
Limited access to credit 0.106 0.053
Competition from established players 0.090 0.045
Lack of consumer awareness 0.111 0.056
Cybersecurity risks 0.097 0.049
Government regulations 0.100 0.050
Shortage of investment 0.057 0.029
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4.2. Grey TOPSIS

Grey TOPSIS is applied to rank the strategies, taking into account the weights of
opportunities and impacting factors computed using Grey AHP. Opportunities are treated
as benefit-type criteria, while impacting factors are treated as cost-type criteria. The initial
decision matrix and normalized decision matrix are given, respectively, in Tables A1 and A2
in Appendix A. The results of Grey TOPSIS are given in Table 6, while the ranking of strate-
gies is depicted in Figure 7. The evaluation ranks the top three strategies for e-commerce
startups in Yemen as building strategic partnerships, offering secure payment and deliv-
ery options, and targeting the underserved market. These strategies are paramount in
overcoming the most significant challenges and leveraging the key opportunities in the
Yemeni market.

Table 6. Distance from positive and negative ideal solution; closeness coefficient; and final ranking.

d+ d− C+ Rank

Build Strategic Partnerships 0.555 0.587 0.514 1
Target the Underserved Market 0.562 0.577 0.507 3
Access Funding 0.615 0.521 0.459 8
Differentiate from Competitors 0.578 0.561 0.493 5
Stay Abreast of Government Regulations 0.593 0.545 0.479 7
Focus on Cash-on-Delivery 0.576 0.564 0.495 4
Increase Consumer Awareness 0.587 0.552 0.485 6
Offer Secure Payment and Delivery 0.559 0.58 0.509 2
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The strategy deemed most pivotal is the formation of strategic partnerships (0.23).
Given the unstable political and economic landscape in Yemen, this finding underscores
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the importance of collaborative efforts in the realm of e-commerce. Entrepreneurs can
tap into the experience and resources of established entities in the e-commerce, logistics,
and finance sectors by forging strategic alliances. This broadens their capacity to navigate
various challenges. Such alliances can aid new businesses in reducing operational costs,
expanding their customer base, and enhancing supply chain management. Moreover, these
partnerships can help startups surmount regulatory hurdles and augment their credibility
in the customers’ perception. Within Yemen’s unpredictable economic and political context,
associating with well-established firms provides a competitive edge and bolsters a startup’s
resilience against unforeseen issues.

By comparison, secure payment and delivery mechanisms rank as the second most cru-
cial concern (0.20), underlining the necessity to build trust with customers and address the
risks posed by cyber threats. Notably, regional consumers have significant apprehensions
regarding cybersecurity risks and harbor reservations about transacting online. Conse-
quently, startups need to prioritize the establishment of secure payment channels and the
engagement of trustworthy logistic partners. By offering a secure and reliable purchasing
environment, e-commerce companies can foster customer trust, bolster their reputation,
and encourage increased consumer spending. The third most critical strategy is focusing
on underserved markets (0.18), emphasizing venturing into untapped areas to capitalize
on the extensive market potential and the growing middle class. There is a considerable
opportunity for startups to offer products and services to regions with limited or no access
to traditional retail alternatives, fueled by a vast potential market and a burgeoning middle
class. By centering their efforts on these overlooked areas, startups can carve a distinct niche
for themselves, cultivate a loyal customer base, and simultaneously fulfill the unsatisfied
needs of customers. This approach also allows startups to capitalize on the diversification
of the economy and the convenience and accessibility of online shopping. When comparing
the top three strategies, it becomes evident that building strategic partnerships provides a
more holistic approach to address multiple challenges and opportunities simultaneously.
In contrast, secure payment and delivery and targeting the underserved market focus on
more specific aspects of the e-commerce landscape in Yemen.

The middle-ranking strategies, focusing on cash on delivery (0.14) and differentiating
from competitors (0.10), deal with essential aspects of customer preferences and competitive
advantage. While COD addresses the prevalent mistrust in online payments and limited
access to credit, differentiation ensures that startups stand out in an increasingly competitive
market. Although these strategies are ranked lower than the top three, they still hold
significant importance for startups to thrive in the Yemeni market. For instance, the
convenience and familiarity of COD can encourage consumers, especially those who are
hesitant to engage in online transactions, to adopt e-commerce services. Differentiation
can also help startups attract investment, as a strong value proposition and a clear market
position make the business more appealing to investors.

The least important strategies according to the TOPSIS evaluation are increasing
consumer awareness (0.07), staying abreast of government regulations (0.05), and accessing
funding (0.03). Although ranked lower, these strategies are still crucial for the long-
term success of e-commerce startups in Yemen. Increasing consumer awareness can help
bridge the knowledge gap and expand the customer base, while staying informed about
government regulations ensures compliance and smooth business operations. By raising
awareness, startups can capitalize on the increased internet penetration and large market
potential in Yemen. By staying informed about regulatory changes, startups can avoid
potential penalties, maintain a positive relationship with authorities, and ensure the smooth
functioning of their businesses. Accessing funding, despite being the least important
strategy, remains essential for startups to fuel growth, expand operations, and remain
competitive. To attract investment, startups must develop a solid business plan and
demonstrate a clear path to profitability. By securing funding, startups can ensure long-
term growth, expand their operations, and remain competitive in the market.
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4.3. Discussion

The research findings, derived from the Grey Analytic Hierarchy Process (Grey AHP)
and Grey Technique for Order of Preference by Similarity to Ideal Solution (Grey TOPSIS),
are pivotal in understanding the unique challenges and opportunities facing the Yemeni
e-commerce market. The strategies discerned in the current study, such as building strategic
partnerships, offering secure payment and delivery options, and targeting the underserved
market, are in line with previous research on e-commerce in emerging markets. The
emphasis on collaboration and trust as foundational elements of e-commerce success
resonates with studies conducted in other politically and economically unstable regions.
However, this research uniquely examines these concepts within the particular context
of Yemen, with its distinct challenges of political instability, logistical issues, and broad
market potential.

Compared to other international studies, the emphasis on building strategic partner-
ships stands out as a universal concern. Several studies have highlighted the importance
of collaboration in the e-commerce industry, citing it as a vital component in market
expansion and growth. However, the current study extends this understanding by
identifying specific strategic alliances suitable for the Yemeni context. Offering secure
payment and delivery options is another area where this study aligns with the inter-
national perspective on e-commerce. The global surge in cybersecurity threats has
necessitated robust payment and security protocols, an issue that is magnified in Yemen
due to prevalent mistrust in online transactions. This highlights an area of commonality
between the study’s findings and the broader e-commerce landscape. The strategy of
targeting the underserved market is more unique to this research. While many studies
on e-commerce highlight the importance of market segmentation and targeting, the
current study’s emphasis on the specific needs and potential of Yemen’s underserved
regions is distinctive. This approach can be considered a significant addition to the body
of knowledge on e-commerce in emerging markets.

The originality of this paper lies in its rigorous focus on the Yemeni e-commerce sector.
Previous research on e-commerce has often focused on well-established markets, leaving a
gap in understanding the dynamics in emerging and conflict-affected regions like Yemen.
This study bridges that gap, offering insights that can be generalized to other markets with
similar challenges. Furthermore, the theoretical contribution of this research is significant
as it provides a framework that can be employed to assess and strategize e-commerce in
other emerging markets. This study has three key limitations. First, the confinement to
the Yemeni market, while providing in-depth insights, restricts the generalizability of the
findings. The complex socio-economic dynamics of Yemen may not be directly applicable
to other emerging or developed markets. Second, the techniques employed, Grey AHP,
and Grey TOPSIS, though rigorous, are not without drawbacks. They are reliant on expert
judgment and the quality of input data, and any inconsistencies or inaccuracies in these
areas may affect the final outcomes. This highlights the need for careful consideration and
potential triangulation with other methods in future studies. Finally, the volatile nature
of the Yemeni market, characterized by political unrest and economic uncertainty, implies
that the findings may be subject to rapid changes. The e-commerce landscape can shift
dramatically in response to political, economic, or technological changes, underscoring the
need for ongoing monitoring and adaptation of strategies.

5. Conclusions

This research aimed to probe the factors contributing to the sustainable development
of e-commerce in Yemen and to propose feasible strategies for e-commerce startups. Addi-
tionally, the study sought to identify the elements fostering the growth of e-commerce in
Yemen. A methodical approach was employed to ensure the successful attainment of the
research’s objectives, encompassing a comprehensive review of pertinent prior literature
and data analysis using the Grey Analytic Hierarchy Process (Grey AHP) and the Grey
Technique for Order of Preference by Similarity to Ideal Solution (Grey TOPSIS) models.
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The literature review illuminated the global surge of online commerce as well as the unique
challenges and opportunities facing e-commerce enterprises in Yemen. Moreover, it under-
scored the significance of strategic planning and the role various factors play in driving the
growth of the sector.

The Grey Analytic Hierarchy Process facilitated an evaluation of the relative im-
portance of opportunities and barriers. Utilizing Grey AHP to establish a hierarchical
structure enabled a systematic scrutiny of the factors impacting sustainable development
in the e-commerce industry. The study identified the broad market potential, the under-
served market, and the expanding middle class as the most significant opportunities.
Conversely, economic and political instability, logistical challenges, and lack of trust in
online payment systems emerged as the most influential impediments. Subsequently, the
Grey TOPSIS model was utilized to rank the strategies that e-commerce enterprises in
Yemen could adopt to exploit these opportunities and mitigate the detrimental impacts
of the identified hurdles. The top three strategies discerned included focusing on the
underserved market, forging strategic relationships, and implementing secure payment
and delivery options. These strategies address the major challenges and opportunities
in the Yemeni market, encompassing the country’s volatile economic and political envi-
ronment, logistical concerns, and broad market potential. The findings of this research
furnish Yemen’s e-commerce entrepreneurs, governmental authorities, and investors
with valuable insights, enhancing their understanding of the market dynamics and the
potential strategies for sustainable growth in this burgeoning sector. By prioritizing the
identified strategies, businesses can effectively navigate the challenges and capitalize
on the opportunities available in the Yemeni market. The successful implementation
of these strategies can contribute to sustainable growth and, ultimately, support the
region’s economic development.

Understanding the complex and volatile economic environment in Yemen presents
a unique challenge for e-commerce entrepreneurs. Further investigation is warranted
to explore the role of governmental policies, regulations, and support mechanisms in
fostering or hindering the growth of e-commerce startups. Analyzing how governmental
engagement can bridge the trust gap in online payment systems, facilitate better logistical
solutions, and enable secure collaboration with international partners can add value to the
strategic planning within the e-commerce sector in Yemen.
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Appendix A

Table A1. Grey TOPSIS decision matrix.

O-1 O-2 O-3 O-4 O-5 O-6 O-7 O-8 IF-1 IF-2 IF-3 IF-4 IF-5 IF-6 IF-7 IF-8 IF-9

Build Strategic
Partnerships

8,
9.667

8.5,
9.833

7.417,
9.25

8,
9.167

7.417,
9.25

6.417,
7.75

7.583,
9.083

1.167,
2.583

1.5,
2.833

2.833,
4.333

3.333,
4.583

2.25,
3.333

1.417,
2.833

0.417,
1.583

5.167,
6.833

5.417,
6.417

8.167,
9.5

Target the
Underserved
Market

5.333,
7.167

5.583,
7.917

5.75,
7.25

5.917,
8.25 5.5, 7 4.75,

6.417
6.083,
7.583

1.917,
3.167

2.667,
3.833

3.417,
4.583

2.917,
4.083

5.417,
6.5

4.167,
5.833

5.667,
7.167

0.25,
1.5

3.833,
5.25

5.5,
7.667

Access
Funding

2.333,
3.75

2.25,
3.667

1.667,
3.417

1.417,
3.25

1.917,
3.5

2.083,
3.667

2.417,
3.833

3.917,
5

4.583,
5.75

5.167,
7.167

4,
5.333

4.25,
5.583

4.833,
6.333

3.417,
5.25

1.667,
3.333

2.667,
4.083

2.25,
3.667

Differentiate
from
Competitors

4, 5 4, 5 4.083,
5.083

3.833,
4.917

3.75,
5

2.833,
4

4.333,
5.583

3.083,
4.167

4.083,
5.083

4.167,
5.167

3.917,
4.917

4,
5.083

3.75,
4.833

4.25,
6

4.417,
6.083

4.167,
5.167

4.083,
5.083

Stay Abreast
of
Government
Regulations

1.083,
2.667

1.25,
2.917

0.667,
2.333

1.083,
2.583

1.25,
2.667

0.917,
2.583

1.667,
3.417

4.667,
5.833

5.167,
7

6.583,
8.083

5.333,
7

6,
7.5

5.5,
7.5

5.083,
6.75

1.917,
3.167

0.833,
2.417

1.167,
2.833

Focus on Cash-
on-Delivery

0.75,
2.5

0.917,
2.25

0.5,
1.75

0.5,
1.75

0.5,
1.75

1.333,
2.667

0.833,
2.333

4.833,
6.833

5.667,
7.667

6.833,
8.333

5.833,
8

4.833,
7.083

5.583,
6.75

6.833,
8.167

4.583,
6.417

0.25,
1.5

0.75,
2.167

Increase
Consumer
Awareness

3.333,
4.417

3.583,
4.667

3.417,
4.5

3.333,
4.417

3.25,
4.333

2.417,
3.833

3.75,
4.833

3.667,
4.667

4.167,
5.167

4.917,
6.25

4.167,
5.167

2.833,
4.25

3.833,
4.833

4.083,
5.083

5.417,
7.083

3.5,
4.5

3.5,
4.583

Offer Secure
Payment and
Delivery

1.917,
3.417

3.417,
4.5

3.5,
4.75

2.25,
3.583

3.167,
4.25

2.583,
3.833

3.667,
4.917

3.833,
4.833

5.417,
6.417

5.167,
7

4,
5.25

4.917,
6.417

5.25,
7.25

5.333,
7

5.5,
6.5

2.083,
3.583

2.167,
3.75

Table A2. Grey TOPSIS normalized decision matrix.

O-1 O-2 O-3 O-4 O-5 O-6 O-7 O-8 IF-1 IF-2 IF-3 IF-4 IF-5 IF-6 IF-7 IF-8 IF-9

Build Strategic
Partnerships

0.828,
1

0.864,
1

0.802,
1

0.873,
1

0.802,
1

0.828,
1

0.835,
1

0.171,
0.378

0.63,
0.804

0.48,
0.66

0.427,
0.583

0.556,
0.7

0.622,
0.811

0.806,
0.949

0.035,
0.271

0,
0.156

0,
0.14

Target the
Underserved
Market

0.552,
0.741

0.568,
0.805

0.622,
0.784

0.645,
0.9

0.595,
0.757

0.613,
0.828

0.67,
0.835

0.28,
0.463

0.5,
0.652

0.45,
0.59

0.49,
0.635

0.133,
0.278

0.222,
0.444

0.122,
0.306

0.788,
0.965

0.182,
0.403

0.193,
0.421

Access
Funding

0.241,
0.388

0.229,
0.373

0.18,
0.369

0.155,
0.355

0.207,
0.378

0.269,
0.473

0.266,
0.422

0.573,
0.732

0.25,
0.402

0.14,
0.38

0.333,
0.5

0.256,
0.433

0.156,
0.356

0.357,
0.582

0.529,
0.765

0.364,
0.584

0.614,
0.763

Differentiate
from
Competitors

0.414,
0.517

0.407,
0.508

0.441,
0.55

0.418,
0.536

0.405,
0.541

0.366,
0.516

0.477,
0.615

0.451,
0.61

0.337,
0.467

0.38,
0.5

0.385,
0.51

0.322,
0.467

0.356,
0.5

0.265,
0.48

0.141,
0.376

0.195,
0.351

0.465,
0.57

Stay Abreast
of
Government
Regulations

0.112,
0.276

0.127,
0.297

0.072,
0.252

0.118,
0.282

0.135,
0.288

0.118,
0.333

0.183,
0.376

0.683,
0.854

0.087,
0.326

0.03,
0.21

0.125,
0.333

0,
0.2

0,
0.267

0.173,
0.378

0.553,
0.729

0.623,
0.87

0.702,
0.877

Focus on Cash-
on-Delivery

0.078,
0.259

0.093,
0.229

0.054,
0.189

0.055,
0.191

0.054,
0.189

0.172,
0.344

0.092,
0.257

0.707,
1

0,
0.261

0,
0.18

0,
0.271

0.056,
0.356

0.1,
0.256

0,
0.163

0.094,
0.353

0.766,
0.961

0.772,
0.921

Increase
Consumer
Awareness

0.345,
0.457

0.364,
0.475

0.369,
0.486

0.364,
0.482

0.351,
0.468

0.312,
0.495

0.413,
0.532

0.537,
0.683

0.326,
0.457

0.25,
0.41

0.354,
0.479

0.433,
0.622

0.356,
0.489

0.378,
0.5

0,
0.235

0.299,
0.455

0.518,
0.632

Offer Secure
Payment and
Delivery

0.198,
0.353

0.347,
0.458

0.378,
0.514

0.245,
0.391

0.342,
0.459

0.333,
0.495

0.404,
0.541

0.561,
0.707

0.163,
0.293

0.16,
0.38

0.344,
0.5

0.144,
0.344

0.033,
0.3

0.143,
0.347

0.082,
0.224

0.442,
0.675

0.605,
0.772
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