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Abstract: This study examines the repercussions of the COVID-19 pandemic on Moroccan companies
by employing the K-means clustering algorithm to classify them based on their performance. Owing to
its efficiency, this algorithm excels in segmenting complex datasets, making it an ideal tool for
clustering companies according to their size, sales volume, resilience, and adaptability to new economic
realities. The literature indicates that sustainable governance practices are crucial in fostering resilience
during crises. In this context, the study adopts a methodology that combines the K-means algorithm
with data normalization techniques, which facilitate the creation of homogeneous groups of companies.
The results reveal distinct clusters with varying sales performance and strategic orientations. On the
one hand, high-performing companies tend to embrace digitization and diversification strategies,
thereby reinforcing their resilience. On the other hand, clusters with weaker performance exhibit limited
adoption of such measures, opting instead for approaches such as reducing working hours. These
insights highlight the importance of adopting digital transformation and innovation as pivotal strategies
to increase competitiveness. Ultimately, the study offers actionable recommendations to strengthen
corporate governance and resilience, particularly in times of crisis.
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1. Introduction

The K-means algorithm, first introduced in 1967 and further refined in 1982, has emerged as a
cornerstone of clustering techniques, largely owing to its simplicity and operational efficiency.
Essentially, this algorithm categorizes data into homogeneous groups, making it an invaluable tool
across various domains such as economics and management. I'or example, it is extensively utilized to
classify companies on the basis of their financial performance, revealing clusters of businesses with
comparable behavioral patterns [17. In addition, the banking sector leverages K-means to evaluate
financial risk, underscoring its relevance in business analytics [27].

In the context of unprecedented challenges, the COVID-19 pandemic has significantly aftected
Moroccan businesses, particularly SMEs. These entities have demonstrated remarkable resilience
amidst economic and operational pressures. From a methodological perspective, clustering
techniques such as K-means hold particular relevance for analysing organizational responses to a
crisis. Through this lens, K-means can segment companies on the basis of their adaptive capacities,
helping identify those more resilient to disruptions [87]. As a case in point, this algorithm has been
applied to assess the technological adaptability of companies during the pandemic, pinpointing those
that embraced digital transformation effectively [47]. In addition, similar clustering methods have
been employed in the study of supply chains, highlighting the diverse resilience strategies adopted by
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different firms [57.

Nevertheless, K-means is not without its limitations. One critical drawback lies in its sensitivity
to the initial positioning of centroids and the necessity of predefining the number of clusters. To
overcome these challenges, the K-means++ algorithm was developed to optimize centroid
initialization, thereby improving its overall performance [67]. Alternatively, alternative algorithms
such as DBSCAN are often preferred for more intricate analyses, particularly when dealing with
irregularly shaped clusters, a frequent occurrence in nonlinear economic data [[77].

Given this context, the current study aims to explore the commercial performance of Moroccan
companies during the COVID-19 pandemic by employing the K-means algorithm. By delineating
clusters on the basis of company size, sales volume, resilience, and adaptability to new economic
realities, this approach seeks to uncover valuable insights into the differentiated resilience and
adaptation strategies of firms to the crisis.

Accordingly, the research problem centers on the following question: how can classification
algorithms be employed to assess and enhance the resilience and adaptation strategies of Moroccan
companies in response to the economic disruptions caused by the COVID-19 pandemic?

2. Theoretical Background

The COVID-19 pandemic has exerted significant pressure on companies' sales performance
across various sectors and regions, thereby revealing disparities in their adaptability. To illustrate,
microenterprises in Querétaro demonstrated substantial vulnerability during this period, undergoing
marked declines in sales [87]. From a broader perspective, companies across many countries have
generally experienced notable sales, exports, and liquidity declines, with the service sector being
particularly aftfected compared with manufacturing [97. For example, noncore businesses experienced
an average loss of 17% of their sales in 2020, with more severe declines in sectors such as hospitality,
whereas online sales surged by 180% [107. According to ARIMA models, the personal care and
healthcare sectors in the U.S. presented correlations between COVID-19 cases and sales variations
[117. Simultaneously, owner demographics significantly influenced the pandemic's impact on U.S.
businesses, although online sales experienced an average decline of 29% [127. Similarly, the
Indonesian financial sector was not immune, registering a drop in share performance and return on
investment [137].

In terms of methodologies, clustering techniques such as K-Means, K-Medoids, and DBSCAN
have proven effective in enabling nuanced business segmentation, thereby refining sales strategies.
For example, K-means divides customers on the basis of RIFM parameters, enhancing loyalty
strategies [147]. Conversely, nonlinear data and outliers necessitate approaches such as DBSCAN,
which is adept at identifying dense clusters [15]. More recently, hybrid models that integrate
clustering methods with embeddings, such as LLM and DICE, have allowed for more precise
segmentation [16].

Another noteworthy point is that standardizing sales data has become indispensable for
enhancing the accuracy of analyses and forecasts. Moreover, classification algorithms such as naive
Bayes and k-means facilitate sales data segmentation, which is crucial for optimized strategies [17].
As a result, data standardization captures trends and seasonal patterns, improving forecasting [187.
Importantly, preprocessed data minimize bias and increase the precision of predictive models [197.

Interestingly, analysing the distribution and attributes of business groups has garnered
increasing research interest, revealing critical dynamics between affiliated and independent firms.
Business groups, often under the influence of a common shareholder, offer advantages in forecasting
and social capital, although economic performance depends on size and structure. For instance, in
family businesses, group size significantly affects financial management by curbing opportunistic
behaviors within closely related companies [20, 217]. In the same vein, group affiliation impacts
market competition, restricting new entrants and heightening economic concentration [227]. During
turbulent times, companies often explore strategic approaches to navigate uncertainties. In this
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context, Brazil's regional disparities and innovative resources highlight the varying potential for
innovation [237. Moreover, Moroccan firms implemented crisis strategies such as stakeholder
engagement and social innovation, fostering resilience [247]. Likewise, effective supply chain
management and adaptable processes reinforce organizational strength in challenging circumstances
[257. Notably, while innovation underpins resilience in the energy sector, a multifaceted strategy is
vital for sustainable recovery [267]. Additionally, government financial support has been instrumental
in reducing business failure [277].

By extension, digital transformation functions as a pivotal tool for enhancing companies'
adaptability to market fluctuations, whereas adaptive leadership further bolsters resilience, ensuring
more efficient uncertainty management [287]. Undeniably, businesses leverage digital technologies to
optimize operations and expand market reach [297. In particular, adopting technologies such as
cloud computing and the Internet of Things strengthens organizational flexibility, enabling swift
responses to market dynamics [(307].

First, the COVID-19 pandemic underscores the necessity of resilience strategies, where tailored
interventions such as technological adoption and financial assistance are pivotal in increasing SMEs’
resilience, especially in Indonesia and Malaysia [317]. When aligned with social and environmental
practices, these strategies have proven effective during crises, highlighting the role of sustainability
in performance improvement [327]. Simultaneously, businesses with high circularity scores have
demonstrated increased resilience during crises, suggesting that circular strategies are integral to
strengthening organizational resilience [337.

Moreover, data standardization remains critical for improving business performance by
bolstering strategic decision-making [847]. By streamlining processes, standardization reduces
transaction costs and enhances operational efficiency, ensuring competitiveness in the digital
economy [357]. Furthermore, the standardization of work processes has a positive effect on project
performance, although its effectiveness depends on variables such as technical complexity and
environmental stability [867]. Consequently, efficient data management via standardization enhances
big data analytics, translating into financial and operational gains, particularly in sectors where data
governance influences capital market outcomes [37, 387. Through this lens, data standardization
strengthens business performance and provides a lasting competitive edge [397].

In light of this, product diversification and distance-selling channels serve as effective
countermeasures against crises. For example, digital diversification mitigates declines in physical
sales channels [407]. Correspondingly, European agricultural producers leveraged distance selling
during confinement periods to increase sales [417]. That said, excessive diversification may backfire,
necessitating strategies tailored to specific markets [427].

Unquestionably, operational flexibility emerges as another essential resilience factor. Specifically,
the manufacturing and digital sectors have adapted their product offerings, enabling improved sales
performance [437. In uncertain environments, flexibility safeguards operational efficiency and
sustains competitive advantage, although operational disruptions can sometimes undermine efficiency
without directly affecting the competitive edge [44]. In addition, integrating risk management with
flexibility fosters sustainability and adaptability, as demonstrated by theoretical models linking
resilience to sustainable development [457. Nonetheless, innovation combined with flexibility
enhances supply chain resilience, minimizing disruptions [467]. In contrast, service industries benefit
from transparency and agility in improving resilience [47].

To summarize, the constraints of traditional sales performance models emphasize the necessity of
adapting to uncertain contexts. Admittedly, conventional forecasting models often lack precision
with dynamic data, reducing their reliability [487. However, incorporating temporal and contextual
variables into deep learning models enhances their accuracy, albeit with increased complexity and
costs [497. In the future, integrating factors such as creativity and salesperson eftectiveness will be
pivotal in increasing sales performance, underscoring the need for models that account for individual
and contextual elements [507]. Ultimately, future prospects include optimizing models using
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unstructured data and addressing decision-making barriers to encourage the adoption of predictive
torecasting [517].

3. Methodology

The COVID-19 crisis has confirmed significant disparities in the resilience and adaptability of
Moroccan companies, particularly SMEs, to economic disruption. Despite this, there is a lack of in-
depth analysis regarding the specific strategies adopted by these companies to navigate through this
crisis. Moreover, analytical methods such as the K-means algorithm to rank these companies
according to their performance and governance are still underexplored. This lack of understanding
limits companies' ability to identify vulnerabilities and strengthen governance practices to better cope
with future crises.

3.1. Database Selection

The dataset utilized for this study comprises 4,388 organized companies spanning various sectors,
including manufacturing, construction, energy, mining, fishing, trade, and nonfinancial market
services. In July 2020, a survey was conducted to assess the activities of these companies in the
context of a complete lockdown. Data were gathered through a questionnaire distributed to
Moroccan companies and were initially formatted in Excel. This dataset encompasses both qualitative
and quantitative information, incorporating variables that pertain to the characteristics of the
companies involved.

3.2. Search Strategy

This study seeks to classify Moroccan companies into homogenous clusters by examining their
key characteristics via the application of a K-means algorithm (section 4.1). It focuses particularly on
sales volume and governance attributes pertaining to sustainability. The primary objective is to
uncover shared risks, vulnerabilities, and latent correlations among these companies. A maximum
normalization approach was employed to facilitate sales comparisons across different sectors (section
4.2). This analysis subsequently delves into the strategic adaptations adopted by Moroccan firms
during the COVID-19 containment period, highlighting their resilience and innovative responses to
unprecedented challenges (section 4.3). The results of this study enhance our understanding of the
factors that influenced company performance during the COVID-19 crisis and offer a framework for
strengthening governance and resilience during future crises.

4. Results

The COVID-19 crisis revealed notable differences in how Moroccan companies, especially SMEs,
demonstrated resilience and adaptability to economic disruptions. While this issue is evident,
comprehensive analyses of these businesses' strategies during the crisis are still lacking. Indeed,
applying advanced analytical methods, such as the K-means algorithm, to classify companies on the
basis of their performance and governance remains underutilized. This gap in understanding restricts
companies from identifying weaknesses and improving governance practices, limiting their
preparedness for future challenges.
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4.1. Clustering of Moroccan Companies
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Figure 1.
Scatter diagram illustrating the clustering of companies according to their common characteristics.

The scatter diagram presented in Figure 1 vividly illustrates the presence of three distinct and
well-defined clusters within the data. This clear differentiation indicates the significance of the variables
employed in our analysis, as they effectively delineate the groups. Clearly, each cluster is visually
distinguishable, utilizing distinct colors and shapes to enhance clarity. Specifically, the first cluster,
designated as cluster 0, is represented by red circles, whereas cluster 1 is depicted with green triangles.
Finally, cluster 2 is illustrated via yellow squares. The layout and organization of these clusters in the
scatter diagram highlight their unique characteristics and suggest underlying patterns worthy of
further exploration.

Table 1.

Distribution of companies across the defined clusters.
Clusters Distribution Percentage
Cluster 0 1 269 29%
Cluster 1 1577 36%
Cluster 2 1 542 35%
Total 4 388 100%

Table 1 presents a comprehensive analysis of the population distribution resulting from the
clustering methodology applied to the dataset. In this way, the data features that cluster 1 is the most
prominent grouping, containing 1 577 companies, which corresponds to approximately 36% of the total
population under consideration. This substantial representation highlights the potential significance of
the characteristics associated with this cluster. Cliently behind, cluster 2 consists of 1 542 companies,
accounting for approximately 35% of the total dataset. In fact, the proximity in size between clusters 1
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and 2 suggests a competitive landscape among these groups, indicating that both clusters may share
similar attributes or face similar market conditions that affect their formation. In contrast, cluster 0 is
identified as the smallest cluster, comprising 1 269 companies and accounting for approximately 29% of
the total population. Additionally, the relative size of this cluster may imply distinct characteristics or
challenges that differentiate it from the larger clusters, potentially warranting further investigation into
the factors that contribute to its smaller size. Overall, the distribution of companies across these clusters
indicates a well-balanced representation of Moroccan firms, indicating that no single cluster
overwhelmingly dominates the population. Consequently, this equilibrium points to healthy diversity
within the dataset and reflects the varied natures of the companies included in the analysis. Thus, the
clustering results affirm that the underlying attributes defining each group effectively capture the
complexity of the Moroccan business landscape, validating the robustness of the clustering method
employed.

4.2. Standardizing Sales Data

In this section, we implemented maximum normalization to create a more uniform dataset, allowing
for better comparability of values across different companies. This approach is particularly beneficial
because it enables us to pinpoint the companies that presented the highest sales within each cluster
during the COVID-19 pandemic. By utilizing this normalization technique, we effectively categorize the
data, ensuring that the metrics accurately reflect each company's performance in relation to its peers.
Through this method, we not only improve the clarity of our analysis but also provide a more nuanced
understanding of market dynamics during these unprecedented times, leading to deeper insights into
how various companies have navigated the challenges brought about by the pandemic.

Table 2.

Five-level categorization of companies by sales volume.

Level 1(N1) Companies with sales > 0.8

Level 2(N2) Companies with sales > 0.6

Level 3(N3) Companies with sales > 0.4

Level 4(N4) Companies with sales > 0.2

Level 5(N5) Companies with sales < 0.2 (for others)

According to the insights presented in Table 2, companies classified as level 1 emerge as the
foremost performers in terms of sales volume, exhibiting remarkable resilience and commercial
efficiency. Their ability to effectively manage disruptions during periods of crisis emphasizes their
capacity for adaptation and strategic foresight, positioning them as exemplary models for other
organizations. In contrast, while level 2 companies do not achieve the same level of performance as their
level 1 counterparts do, they nonetheless display significant resilience and adaptability. These
companies have managed to sustain relatively high sales levels amidst market disruptions, reflecting a
moderate degree of success. Despite this, they face a greater array of challenges than level 1 companies
do and must engage in strategic adjustments to further enhance their sales efficiency. On the other
hand, level 3 companies operate at an average performance level and face more substantial difficulties in
maintaining their business activities. Effectively, crisis management strategies appear to be less
impactful than those utilized by level 1 companies are, as evidenced by a greater decline in sales.
Nevertheless, these corporations display a form of resilience, and by drawing on robust approaches
employed by higher-performing organizations, they have the potential to improve their market position
and better navigate future crises. At the lower end of the spectrum, level 4 companies are characterized
by underperformance, with declining sales figures indicating ineffective crisis management and strategic
tforesight. In stark contrast to the resilience and efficiency of level 1 companies, these organizations face
vulnerabilities that jeopardize their survival. Consequently, to withstand these challenges, level 4
companies must adopt more robust business strategies, potentially by integrating the successtful
practices of their more prosperous peers. Finally, level 5 companies grapple with the most critical
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challenges, as their sales volumes are insufficient to sustain operations in the long term. This situation
strongly contrasts with the resilience and sales effectiveness observed in level 1 companies. In fact, the
significant decline in sales highlights to the urgency of immediate intervention and strategic re-
evaluation. When level 1 companies serve as a compelling example of the resilience and adaptability that
level 5 companies must achieve to recover and establish a sustainable presence in the market.

4.8. Strategic adaptations of Moroccan Firms During Containment

Moroccan companies have demonstrated remarkable adaptability in navigating the challenges
brought about by the COVID-19 pandemic. In light of significant economic and health disruptions,
businesses across various sectors have rapidly developed and implemented diverse strategies to sustain
operations and ensure their employees' safety and well-being. To address these challenges, many
companies have adopted flexible work arrangements, including remote working opportunities and
staggered shifts, to minimize the risk of virus transmission. Additionally, organizations prioritized the
implementation of stringent health protocols, such as the regular sanitization of workspaces, the
provision of personal protective equipment, and health screenings for employees. In addition to health
and safety measures, Moroccan businesses also pivoted their focus to align with shifting market
demands. Many companies have embraced digital transformation, enhancing their online presence and
adopting e-commerce solutions to reach customers unable to shop in person. Additionally, some
enterprises explored new product lines or services tailored to the current environment, thereby not only
adapting to and overcoming immediate obstacles but also positioning themselves for future growth in a
postpandemic world. Overall, Moroccan companies' resilience and innovative spirit during this crisis
highlighted their commitment to safeguarding their workforce while effectively responding to the
evolving landscape of market expectations.

Table 3.

Strategies employed by Moroccan companies during the lockdown.
Notation Strategy Answers Percentage
STRAT1 Flexible working (telecommuting) 1790 25%
STRAT?2 Recruitment of profiles with I'T skills 776 11%
STRATS Digitization of internal and external services 1282 18%
STRAT4 Diversification of the supply chain 910 13%
STRATS5 Development of distance commerce (internet, telephone...) 1282 18%
STRATSs6 Offering new products and services 1023 14%
STRAT7 Other 129 2%
Total 7192 100%

The strategies adopted by Moroccan companies during the period of total containment testify to
their ability to adapt to the multifaceted challenges posed by the COVID-19 pandemic, with a focus on
adaptability, digital transformation, and operational efficiency. According to Table 3, teleworking was
the most striking change, with 25% of companies adopting it as a critical strategy during this period.
This measure was aimed at maintaining operations while guaranteeing employee safety. The move to
remote working addressed immediate health concerns and reflected a long-term trend toward more
flexible working patterns. At the same time, although recruitment of I'T-skilled profiles reached only
11%, this strategic choice, albeit a minority one, proved essential. Improving their technological capacity
was crucial to implementing other digitization and distance commerce strategies for these companies. In
this way, 18% of companies were concerned with digitizing internal and external services. They turned to
digital solutions for workflow management and customer interaction. This underlines the importance of
service continuity via online platforms despite physical restrictions. In addition, 13% of companies have
adopted supply chain diversification, reflecting the impact of the pandemic on global supply chains.
Faced with these disruptions, companies have sought to diversify their sources to maintain stability and
reduce risk, giving preference to alternative or local suppliers. Indeed, 18% of companies have adopted
remote commerce (internet, telephone), reinforcing the importance of online sales platforms and
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telephone ordering, particularly with the closure or limitation of physical stores. This shows the shift in
customer interactions toward digital channels, which requires rapid innovation for companies. In
addition, 14% of companies innovated by offering new products and services adapted to pandemic
conditions, such as hygiene products, delivery services, or other essential products, demonstrating their
agility in changing consumer needs. Finally, a modest 2% of companies opted for different strategies,
such as partnerships, financial restructuring, or strengthening corporate communications. This limited
percentage indicates that the majority of companies concentrated their efforts on the aforementioned
primary strategies.

Other

Offering new products and services
Development of distance commerce (internet,...

Diversification of the supply chain

Digitization of internal and external services

Recruitment of profiles with IT skills

Flexible working (telecommuting)

0% 5% 10% 15% 20% 25% 30%

Figure 2.
Percentage view of strategies adopted during the lockdown.

As illustrated in Figure 2, many companies prioritize strategies linked to teleworking and
digitization. This shift reflects a broader trend toward creating a more technological and flexible
working environment, which is increasingly essential in today’s fast-paced business landscape. In
addition to these initiatives, many firms also adopt diversification and remote commerce strategies.
Effectively, this perspective draws attention to a growing awareness of dependency risks and the need to
adapt sales models. Thus, IT skill recruitment prioritizes investing in human capital to ensure a
successful digital transition. Furthermore, the results show that Moroccan companies' strategies during
the containment period focused primarily on digital transformation and operational resilience. At the
same time, teleworking, digitization, and remote commerce were vital to ensuring business continuity
while diversifying supply chains and offering new products, demonstrating their ability to adapt.
Although the recruitment of specialized I'T profiles has been less frequent, it remains fundamental to the
long-term viability of these digital initiatives. These strategies are part of a broader global trend in which
companies are asked to demonstrate greater agility, focusing on technological innovation and resilience
planning.

5. Analysis and Discussion
5.1. Commercial Performance Analysis of the Best-Performing Companies Across Defined Clusters with
Normalization-Based Categorization

The data derived from applying the maximum normalization technique to a sample of 4388
Moroccan companies yield the distributions detailed in the tables below. To effectively illustrate the
categorization into distinct clusters, we identify the companies with the highest sales figures within each
category and thus understand the strategy adopted by these companies to determine the critical
elements of success in times of crisis. I'igure 3 below summarizes these discoveries and provides a
clearer understanding of the critical factors that contribute to their success.
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Figure 3.
Comparative analysis of commercial performance in high-performing companies across clusters.

First, cluster 0, as detailed in Figure 3, includes a total of 1 269 companies distributed among
various performance categories: 501 classified as "N1," 491 as "N2," 271 as "N3," and 6 as "N4," with no
representation in the "N5" category. Strikingly, 78% of the companies fall within the "N1" and "N2"
classifications, signifying a dominant presence of firms demonstrating noteworthy sales performance.
Companies in the "N3" category exhibit metrics that align closely with industry averages, indicating a
moderate level of sales activity. In contrast, the "N4" category comprises firms with below-average sales
performance, hint at challenges that may undermine their financial outcomes. The absence of "N5"
companies underscores the cluster's concentration of businesses with robust sales capabilities. Taken
together, the composition of cluster 0 indicates a preponderance of high-performing companies, offering
meaningful perspectives for stakeholders aiming to grasp the dynamics of success in this group.

By comparison, cluster 1 is composed of 1 577 companies, with no representation in the "N1"
category, a single firm in "N2," 216 in "N3," 557 in "N4," and 803 in "N5." This distribution paints a
strikingly different picture from that of cluster 0, revealing a glaring lack of companies achieving strong
sales performance. The overwhelming presence of "N4" and "N5" companies, which collectively account
tor 86% of the cluster, features a significant concentration of firms struggling with sales eftectiveness.
The limited representation in the higher-performing categories highlights the cluster's overall weak
performance and competitiveness. Hence, these data accentuate the necessity of targeted measures to
address sales-related challenges and enhance the market position of these companies.

Cluster 2 comprises 1 542 companies, presenting a comparatively balanced distribution across
performance categories. Specifically, 369 companies are classified as "N1" and 366 as "N2," jointly
making up nearly 50% of the cluster. This finding indicates that a considerable proportion of firms
achieve high sales performance. Furthermore, 870 companies fall under the "N3" category, reflecting a
notable presence of medium-performing firms and contributing to the cluster's overall diversity. Thus,
"N4," with 298 companies, and "N5," with 189 companies, constitute approximately 30% of the cluster,
suggesting that a significant portion of companies perform below average. This composition reveals a
varied sales landscape, encompassing both exceptional performers and those with substantial room for
improvement.

When the optimal performance categories, are assessed, "N1" serves as the benchmark for clusters
0 and 2, whereas cluster 1 aligns most closely with "N2" as its highest-performing classification.
Consequently, for firms in the lower-performing categories, particularly "N4" and "N5," the adoption of
innovative strategies aimed at enhancing sales effectiveness is imperative. Strengthening these
approaches will not only facilitate their progression to higher performance levels but also enable them
to establish resilience in competitive markets, thereby securing a more advantageous position in the
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future.

5.2. Strategic Approaches of Best-Performing Companies Across Defined Clusters

This section delves into the distinct strategic approaches of the top-performing companies across
the three clusters (Table 4). Significantly, it shows how differences in digital innovation, operational
flexibility, and resource strategies shape resilience and performance. This comparison offers nuanced
insights into the essential drivers of success during periods of transformation and disruption.

Table 4.
Comparative analysis of strategic approaches in high-performing companies across clusters.
Cluster 0
Parameters |- Q191 Q19.2 019.3 019.4 019.5 019.6 019.7

STRAT1 | STRAT?2 STRAT3 | STRAT4% STRAT5 |STRATe6 |STRAT?
175008457 Yes No Yes No Yes No Reduced working hours
653049971 No No No No No Yes Reduced working hours
407759203 Yes No No No Yes No Reduced working hours
613005947 No No No No No No Reduced working hours
Cluster 1
305774615 Yes Yes Yes Yes Yes Yes Reduced working hours
450111120 No No No No No Yes Reduced working hours
842665470 No No No No No No Reduced working hours
714428137 No No No No No Yes Reduced working hours
Cluster 2
181112538 No No No No No yes Reduced working hours
228420650 No No No No No No Reduced working hours
104668151 No No No No yes yes Reduced working hours
154025387 yes No No No No No Reduced working hours
524823348 No No No No No No Reduced working hours

Table 4 presents a detailed comparison of the strategic approaches adopted by companies across the
three clusters, highlighting notable differences in their emphasis on digital innovation and operational
flexibility. In cluster 0, a considerable number of companies demonstrate an active pursuit of digital and
innovation strategies. Nevertheless, flexible work arrangements, such as telecommuting, and the
development of remote commerce initiatives remain limited. Among the common measures in this
cluster, reducing working hours stands out as a recurring practice, whereas supply chain diversification
and digitization are comparatively uncommon. On the other hand, companies in cluster 1 display a more
robust dedication to digital and innovation strategies. These firms employ a diverse range of methods,
including teleworking, the recruitment of IT professionals, service digitization, supply chain
diversification, and remote commerce development. Despite this comprehensive adoption of strategies,
reducing working hours remains as a widely implemented approach within the cluster. In contrast,
companies within cluster 2 exhibit a limited uptake of digital and innovation strategies. Only a few
exceptions are observed, such as the development of remote commerce and the introduction of new
products and services. Even so, reducing working hours remains a key measure adopted by most
companies in this cluster.

To summarize, the analysis reveals that companies achieving the best performance across clusters
have implemented critical strategies, including teleworking, service digitization, and remote commerce
development. For cluster 0, the top-performing company has successfully integrated these approaches,
whereas the underperforming firms have largely neglected them, indicating that embracing such
strategies could increase resilience during crises. In cluster 1, the leading firms combine several
strategies, such as digitization, supply chain diversification, I'T talent acquisition, and remote commerce,
which are crucial for building adaptability. Conversely, the weakest performers in this cluster lack a
comprehensive approach, confirming the need for wider adoption of these methods to achieve better
outcomes. Although cluster 2 shows limited adoption of strategic practices, the success of its leading
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companies can be attributed to innovations in product offerings, coupled with remote commerce
initiatives. These approaches, alongside digitalization and product development, emerge as fundamental
drivers of resilience and operational effectiveness. Companies that have yet to adopt these strategies
should prioritize them to improve their competitiveness and performance, particularly in the face of
future disruptions.

6. Conclusion

This research delves into the sales performance of Moroccan companies over a timeline that
transcends the COVID-19 pandemic, aiming to dissect sales patterns and illuminate the distinctive
traits of each cluster. The ultimate ambition is to refine decision-making frameworks and craft impactful
strategies for nurturing an economy better equipped to withstand global pandemics or external shocks.
The outcomes underscore the pivotal role of clustering in extracting latent insights from expansive
datasets. By grouping elements with analogous features, this technique paves the way for a more
nuanced analysis while unravelling the complexities of intricate data structures.

Beyond that, the normalization process proves indispensable, as it ensures that variables are
assessed on an equal footing. This approach facilitates the ranking of companies ranging from those
with the weakest performance to those with the most robust performance, thus providing an unclouded
perspective on their relative standing.

The scoring methodology, forged in a context laden with critical challenges, integrates variables
that may either fortify or destabilize the market environment. This has yielded a framework of
exceptional utility, one poised to act as a blueprint for evaluating sales performance amid similar market
upheavals. Extending this model to other nations would serve not only to test its versatility but also to
establish it as a universal tool for refining sales strategies across diverse markets.

The study’s contributions manifest in two significant dimensions:

1. It highlights the theoretical underpinnings of the total lockdown phase that ensued from the
COVID-19 outbreak, in tandem with a cluster analysis methodology, normalization strategies, and
measures employed to maintain business continuity during turbulent times.

2. It presents an innovative perspective for regulators and policymakers, offering a roadmap for
crafting targeted interventions to support companies in the face of severe economic stagnation.

To conclude, this research stands as a compass for organizations striving to fine-tune their sales
approaches, fortify financial resilience, and cultivate sustainable growth, even amidst uncertain and
unpredictable circumstances.

Abbreviations

The following abbreviations are used in this manuscript:

SMEs Small and Medium-Sized Enterprises

DBSCAN  Density-Based Spatial Clustering of Applications with Noise
ARIMA Autoregressive Integrated Moving Average
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RFM Recency, Frequency, Monetary

LLM Large Language Model
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IT Information Technology
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