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Abstract
Globally, business and operational capabilities of Small and Medium Enterprises (SMEs) have been enormously affected by the Covid-19
pandemic, forcing many to use technology and innovation rather than the more traditional methods of operations. Although we do not yet know
to the extent to which Oman’s SMEs have adopted these technological transformations, we investigate this, and assess the impact of it, in this
study. We empirically examine how Covid-19 accelerated technology use in the SMEs in Oman and test nine hypotheses applying paired t-test
and Pearson correlation. The results show strong correlations between technology use before and during Covid-19 (r = .823, p < 0.01);
technology use during Covid-19 and in future (r = .659, p < 0.01); and technology use before Covid-19 and in future (r = .612, p < 0.01). We
conclude that this use of technology has been a survival strategy during the pandemic and that highly digitized SMEs are more likely to adopt
Industry 4.0 technology.

1. Introduction
Small Medium Enterprises have been negatively affected globally in the Covid-19 pandemic. Huge �nancial losses and even closures of some
companies have resulted from enforced lockdowns and limited demand and purchasing power. In the United States the number of active small
businesses reduced by 22% from February to April 2020 (Fairlie, 2020). To a large extent, a country’s economic growth depends on its SMEs
(Belsito and Reutzel, 2019; Didonet and Diaz-Villavicencio, 2020; Na-Nan and Wongsuwan, 2020; Ra�ki, 2020). Zafar and Mustafa (2017)
support this view, with evidence showing SMEs in high-income countries contribute to over 55% of GDP and over 65% of total employment,
whilst in low-income nations; they contribute over 60% of GDP and over 70% of total employment. Ninety �ve percent (95%) of the total
employment and approximately 70% of GDP come from SMEs in middle-income countries.

SMEs face an uncertain future, despite fundamental efforts from governments and large companies to keep them a�oat, according to a recent
study conducted in the USA, which evaluated Covid-19’s impact on them (Bartik et al., 2020c). Some SMEs have survived through the pandemic
by stimulus programs and contributions; however, it is di�cult to ensure they will endure if the negative impacts continue. Bartik et al. (2020a)
also feared that Small Medium Enterprises may suffer long-term Covid-19 impacts. Lu et al. (2020) support this conclusion by pointing out that,
although China was �rst to recover from the pandemic, SMEs still face a challenging future there considering the risk that other waves may
continue for years.  

Innovation will be required to bring about desperately needed changes for SMEs. Although many analyses recommend �nancial support from
the governments, including Juergensen et al. (2020) and Pedauga et al. (2021), it will be technology that leads SMEs to superior performance
and competitive advantage. Abed (2021) systematically reviewed the literature on Covid-19’s impact and technology role in reducing the effect
on businesses and perceived that technology was an essential element in SMEs’ survival. Unfortunately, however, there are only 11 studies
which examined this role of technology in developed countries and there is a larger research gap on the digital transformation of SMEs in
developing countries (Amornkitvikai and Lee, 2020; Hassen et al., 2019). In the Covid-19 era, SMEs’ survival depends on the ability to adapt to
new market mechanisms in a way that helps them to gain a competitive advantage in the global market (Baporikar and Shikokola, 2020).
Consumers were able to continue many of their tasks with the help of Amazon, Google Cloud, Facebook, Microsoft Azure, Zoom, Net�ix, and
Slack. Small companies, however, did not seem to grasp the bene�ts of, and have not acquired the digital skills for, running their businesses
online (Antonescu, 2020). There is a higher probability of SMEs adopting technology once they realize the bene�ts and impact on performance
(Scupola, 2009; Shah Alam et al., 2011). 

In Oman, regrettably, many businesses are either temporarily or permanently closed due to the indirect or direct impacts of Covid-19 (A�� and
Negm, 2020). The Omani government made critical decisions to overcome negative effects of the pandemic. Ali and Mukhaini (2020) believed
Oman would contain the pandemic based on its success in containing other outbreaks, such as SARS and H1N1 between 2002 -2012. Magd
and McCoy (2014) studied the contributions of SMEs to the national economy in Oman and concluded that SMEs need to improve in the arena
of technological innovation if they are to �ourish. According to Abed (2021), there has only been one research paper from the Arab world (MENA
and GCC) and this was in Saudi Arabia, where Salem and Nor (2020) investigated SMEs and technology adoption during Covid-19. Surprisingly,
there has been little empirical research globally on this aspect of the pandemic (Billore and Billore, 2020; Doyle and Conboy, 2020; Salem and
Nor, 2020), hence there is a need to conduct study using primary data for the role of technology and adoption in SMEs’ survival during Covid-
19. 

In light of this, it is critical to understand any current technological transformations by Oman’s SMEs and the issues they have faced, and are
facing, whilst undergoing these changes. We will seek to answer the following research questions 1) How has Covid-19 accelerated
technological transformation and new technologies the SMEs introduced during Covid-19? 2) How has the technological transformation helped
SMEs to manage their operations during the Covid-19 crisis? Furthermore, we will investigate the levels of satisfaction and future technological
innovation plans in SMEs. 
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Although the qualitative research method is useful for in-depth and detailed analysis, it does not help much in generalization. Consequently, in
addition to interviews, an online questionnaire was distributed covering various industries to test the hypotheses. Because this is the �rst
investigation on this topic conducted in Oman and GCC, the results of this study would help the Omani SMEs to better understand the digital
transformation concept and its role on business performance. In addition, the Omani government will bene�t from the �ndings, which can be
used to develop strategy and policies for helping the national SMEs. We expect this research to also be bene�cial in assisting other developing
countries in exploring better strategies and developing future plans. 

There are seven sections: Section 2 communicates the literature review; Section 3 describes the research method; Section 4 presents analysis
and �ndings; Section 5 offers our discussion; Section 6 summarizes the �ndings; and the last section suggests recommendations. 

2. Literature Review
2.1 Impact of Covid-19 lockdowns on SMEs

 All manner of businesses has been negatively affected by Covid-19 lockdowns: restaurants, supermarkets, �tness centers, traditional food
markets, cinemas, car dealerships, or any operation which requires physical space as opposed to online markets. Countries’ investment, trade,
and economy have all been affected by the pandemic (Gössling et al., 2020), culminating in a decreased cash �ow due to lesser consumer
demand (Priyono et al., 2020).  

Verma and Gustafsson (2020) analyzed 107 published papers in Scopus, then summarized the business situation during Covid-19 lockdown
into four categories: overall impact on business, technology, supply chain management, and service industry. Over 5,800 small businesses were
surveyed by Bartik et al. (2020b). The results highlighted huge numbers of layoffs, closures, �nancial loss, and funding expectations. A
qualitative study using interviews, conducted by Nyanga and Zirima (2020), found that SMEs encountered disrupted operations and employees’
layoff due to Covid-19. Seetharaman (2020) agreed that decreased revenue in small businesses led to employees losing their jobs.  Lu et al.
(2020) assessed 4,807 SMEs in China by conducting online surveys and interviews. Their study indicates SMEs’ operational problems were due
to unavailability of materials, supply chain disruptions, unavailability of workforce, reduced market demand, and cash �ow. Belghitar et al.
(2021) examined the performance of a further 42,401 SMEs across 28 industries during Covid-19 with research indicating that 59% of the UK’s
SMEs will have negative earnings unless the government funds them. SMEs in Serbia were investigated by Beraha and Duricin (2020). The
empirical analysis of online surveys showed the impact on SMEs’ daily operations having varying intensity due to lockdowns. Scottish SMEs
showed loss of revenue and the need for �nancial assistance for enterprises with higher risk of bankruptcy and closure (Brown, 2020).
Antonescu (2020) highlighted impacts on the Romanian SME sector. Pakistan’s SMEs are forecast for slow growth, higher costs of production,
and a more intense impact due to the pandemic lockdowns (Javed and Ayaz, 2020). 

A survey of 748 Malaysian SMEs by Ratnasingam (2020) on the Covid-19 assessment reported �nancial management and supply chain
disruptions as the major challenges. Robinson and Kengatharan (2020) interviewed 14 SMEs in Sri Lanka, with the result indicating material
shortages, a decline in the global and local demand for products and services, di�culties when repaying loans and interest, order cancellations,
and a lack of savings. The 456 households and 144 small �rms from both urban and rural areas in Nord Kivu underwent telephone surveys by
Desbureaux et al. (2020).   The analysis found a decline in economy. In short, thousands of SMEs are in the process of closure. We suggest, for
a start, communication between entrepreneurs and local or central authorities, increasing the guarantee ceiling, and higher �exibility between
funds, private, and public investments.

2.2 Technology as a survival strategy adopted by SMEs 

While reviewing the literature that examined the strategies and role of technology in SME survival, we identi�ed the following studies. A study
into how business strategies are affected by differences in gender, age, education, and income level was undertaken by Untaru and Han (2021),
concluding with the suggestion that retailers should develop dissimilar communication strategies for different customer segments, in
accordance with these targeted demographic pro�les. The intention would be to increase protective measures against Covid-19, endure the
pandemic and avoid too many losses. Thorgren and Williams (2020) conducted a study on 456 struggling SMEs to explore the survival
strategies adopted during Covid-19. The result demonstrates that SMEs deferred investments, reduced labor costs and other expenses, and
negotiated contracts and terms.  Survival strategies adopted by Malaysian SMEs because of Movement Control Order (MCO) were examined by
Omar et al. (2020). The qualitative analysis of six telephonic interviews indicates changes in �nancial and marketing approaches. 

Fitriasari (2020) presented a business model for SMEs to handle pandemics. This model consists of product excellence, public behavior, and
process reliability. It highlights factors necessary for digital transformation as digital skills, infrastructure testing, and tools adoption. Hussain,
Shahzad et al. (2021) assessed the impact of technological (relative advantage and technology readiness), organizational (cost of adoption
and top management support), and environmental (government support and competitive pressure) factors on B2B e-commerce for
manufacturing SMEs in Pakistan. The multi-group analysis of the collected data predicted signi�cant impact of technological factors on B2B e-
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commerce. In the Indonesian SMEs’ business model, Priyono et al. (2020) investigated changes and digital transformations with the help of a
multiple case study involving seven manufacturing enterprises. Observations, interviews, and �eld visits were used as techniques. The result
demonstrated dissimilar degrees of digital transformation in SMEs with a high level of digital maturity, those experiencing liquidity issues with
a low level of digital maturity, and the SMEs that have a very limited level of digital literacy. 

Big data analytics is the technology designed to economically extract value from massive volumes of a wide variety of data by enabling high-
velocity capture, discovery, and analysis (Khan and Al-Badi, 2020a). This technology facilitates innovative and customer-centric post-sale
services and offers feedback for better product design and marketing (Akpan et al., 2020). Big data and predictive and visual analytics enable
complex business decisions, while Arti�cial Intelligence (AI) involves learning, reasoning, and self-correction. Computer Vision is an essential
enabling technology that sensibly enhances the outcomes, acting as a unifying element in many applications and a facilitator and integrator of
other techniques (Khan and Al-Habsi, 2020). As recently as this year, Luo (2021) conducted a study using Deep Recurrent Neural Network
(DRNN) on clickstream information for exploring the effect of social networks and online shopping behavior on E-Business performance during
the pandemic. Results showed that this deep learning technique is effective in modelling consumer behavior, and the model was able to
improve the pro�tability ratio by 98.5%, the performance ratio by 97.5%, the accuracy ratio by 96.7%, the prediction ratio by 97.9%, and give less
error rate than the other approaches by 11.3%.

Although Papadopoulos et al. (2020) presented an opinion paper and discussed the research on the role of digital technologies in improving
productivity and performance in SMEs during Covid-19, they argued limited research on the use and adoption of these technologies to deal with
the challenges of the crisis. Their paper further highlights issues of infrastructure, �nance, skilled workforce, and security constraints.   After
proposing a digital transformation and sustainability framework for SMEs to handle pandemics. Winarsih  et al. (2021) reported lack of
knowledge amongst the enterprises on the bene�ts of digital skills. The leaders from 15 Indian hi-tech start-ups from various industries were
interviewed on understanding the role of technology in business survival, in a case study by Jha (2020). The result indicates acceptance of new
technologies and major transformation in the business model. Marin Bustamante (2020) reviewed the literature on the role of new technologies
(big data and analytics, arti�cial intelligence, mobile payments, internet of things, and block chain) in business during the lockdowns. The
review revealed that 65 papers published from 2011 to 2020 show no study on the in�uence of new technologies in �rms' internationalization
in the context of the Covid-19 pandemic. Dwivedi et al. (2020) examined twelve subject experts’ views on Covid-19 and information
management research and practice. These specialists presented different perspectives regarding digital strategy, arti�cial intelligence,
information management, social interactions, cyber security, big data, block chain, privacy, mobile technology, and strategy. IoT refers to the
connections of machines, computers, and people enabling intelligent industrial operations for transformational business outcomes, with
bene�ts closed-loop design, increased consumer value, predictive maintenance, new service lines, and reduced labor cost (Khan and Al-Badi,
2020b; McKnight, 2017). The paradigm of cloud computing enables the leasing of computing resources in real-time, with minimal interaction
with the provider for cost-saving, seamless implementation, and simpli�cation (Attaran and Woods, 2019; Thames and Schaefer, 2016).

During the Covid-19 crisis, FinTech companies helped workers, entrepreneurs, and entire economies. Smeets and Zeisberger (2020) argued the
bene�ts and use of FinTech in Latin America during this period.   Simultaneously, in Saudi Arabia, Salem and Nor (2020) investigated consumer
intention to adopt e-commerce. The research empirically identi�ed factors of perceived lack of alternatives, perceived behavioral control, and
government support, which signi�cantly in�uence the embracing of online spending. In Bangladesh, 665 consumers were surveyed on the
attitude of digital marketing of branded cosmetics, and Akter and Sultana (2020) discovered a positive attitude towards digital platforms during
the lockdown. Commerce and business involve a transaction of goods and services between buyers and sellers, as de�ned by Alharbi and de
Doncker (2019) and Taleby Ahvanooey et al. (2020), while E-business is described as an Internet based transaction (Galindo-Martín et al.,
2019). Social media and E-commerce shops have seen growth during the pandemic and consumers regularly searched for essential products
online. Companies are using social media and online techniques to distribute product information for sales and to predict revenue trend (Lv et
al., 2020). The effectiveness of a social network-based E-business strategy is measured by how well consumers use retreats, likes, and shares
to engage with the company’s advertisements. Social networking is used in advertising and promotional activities (Sathishkumar et al., 2020)
and online marketing (Kumari et al., 2020). 

Through necessity, the shopping habits of various regions have changed (Bartik et al., 2020a; Bartik et al., 2020b) and digital transformation
requires moving from o�ine stores to online, for consumer health, safety, and convenience. Fletcher and Gri�ths (2020) suggested technology
as the best solution for business sustainability during the pandemic. It is important for companies not to look at Covid-19 as an obstacle, since
adoption of online digital channels can increase their promotion and sales (Doyle and Conboy, 2020). Each business, whether large or small, is
crucial for the economy and therefore their sustainability, by adopting technologies, is essential in the current and future environment (Ameen et
al., 2021).

3. Research Method
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In this study, broad literature on technology and SMEs has been referenced. We used mixed methods, consisting of both qualitative and
quantitative approaches, for in-depth analysis and to add a broader set of aspects and skills that help researchers to collect, analyze, compare,
and conclude �ndings. Mixed methods research provides strengths to both quantitative and qualitative methods, enhancing the research to be
more explored and diverse (Shorten and Smith, 2017). It also develops relationships between the research questions and connects the results to
reach coherent conclusions, in addition to enriching understanding of the business �eld (Molina-Azorin, 2016). The mixed method employed
gives a very comprehensive and varied analysis through using interviews and questionnaires. International sources from databases and
journals were also very useful in compiling the results of this paper.

3.1. Research hypotheses
The survey questionnaire and interviews were designed to meet the research objective and designed in a manner to conduct the analysis and
hypotheses testing. The study seeks to tests the following null hypotheses.

H1: There is no correlation between technology use by SMEs before and during Covid-19

H2: There is no correlation between technology use by SMEs before Covid-19 and in future

H3: There is no correlation between technology uses by SMEs during Covid-19 in future

H4: There is no correlation between customer satisfaction and technology use by SMEs during Covid-19

H5: There is no correlation between customer satisfaction and SMEs’ performance during Covid-19

H6: There is no correlation between SMEs’ company size and digitalization during Covid-19

H7: There is no correlation between Industry 4.0 technology use by SMEs during Covid-19 and in future

H8: There is no difference in the technology use by SMEs before and during Covid-19

In addition, we will seek to �nd answers to the following intuitions: What level of digitalization do SMEs currently have? Which Industry 4.0
technologies do SMEs plan to use in the future?; What is the rate of company satisfaction with the quality of its E-Service?; and What is the rate
of customer satisfaction with the quality of the company’s E-Service.

3.2. Statistical models for hypotheses testing
The paired t-test and Pearson correlation were used here. The hypotheses were tested at p < 0.01 or p < 0.05. The correlation r values are: .00-
.19 “very weak”; .20- .39 “weak”; .40- .59 “moderate”; .60- .79 “strong”; .80- 1.0 “very strong” (Evans, 1996). The thematic and content approach
was employed to generate the results of textual data and initial general themes were pre-determined before starting the coding process. These
general themes (innovation, operation, and strategy) guided the analysis, but an open coding was also deployed for new emerging themes.

Pearson correlation coe�cient (bivariate correlation): It is a measure of linear correlation between two sets of data. It not only indicates the
presence or absence of a correlation between two variables, but it also assists in determining the strength of the association between the two
variables (Rice, 2006). It also determines the direction of correlation, or whether two variables have a negative or positive correlation. The
Pearson correlation presupposes that data is sampled at random and that the variables have a continuous and normal distribution. The
formula to calculate Pearson correlation is as follows:

rxy =
n(∑ xy) − (∑ x)(∑ y)

√[n∑ x2 − (∑ x)2]. [n∑ y2 − (∑ y)2]

1
……….
Where, r = Pearson coe�cient, n= number of the pairs of the stock, ∑xy = sum of products of the paired stocks, ∑x = sum of the x scores, ∑y=
sum of the y scores, ∑x2 = sum of the squared x scores, ∑y2 = sum of the squared y scores

The 'r' can take on any value between '-1' and '+1'. The value '0' denotes that there is no link between the two variables. A value greater than '0'
indicates a positive relationship between two variables, suggesting that an increase in the value of one variable raises the value of the other. A
value less than '0' indicates a negative relationship between two variables, indicating that raising the value of one decreases the value of the
other.

T-test
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It is an inferential statistical analysis approach invented by William Sealy Gosset in 1908. A t-test is conducted to see if there is a difference
between the means of two groups that are related in some way (Kendall, 1946). The assumptions for t-test distribution include random
sampling, independent sampling of data from the same population, and normal distribution (e.g., tested applying Kolmogorov–Smirnov test).
Additionally, when the standard deviations of samples are almost equal, homogeneous, or equal, variance exists.

Paired t-test (t-test with correlation) examines the difference between two paired samples i.e. the difference in the sample means used for a
paired t-test should be 0. It is used when the samples are made up of matched pairs of similar units, or when there are repeated measures. It's
possible, for example, that the same object/entity will be examined multiple times—both before and after a treatment. This method can also be
used in situations when the samples are related or have similar traits. The formula to calculate paired t-test for two sample groups (1 and 2) is
as follows:

t =

−
X1 −

−
X2

S2
1+S2

2−2ρS1S2

n

2
……….

Where, n = sample size, 
−
X1,

−
X2 = means of samples, S1

2, S2
2 = variance

3.3. Data collection
We gathered data from SMEs all over Oman. Both online and o�ine modes were used in survey questionnaire distribution and conducting
interviews from February 10, 2021, to April 20, 2021. The CEO, directors, managers, and executives from both private and public sectors were
interviewed, with the consent of each respondent taken before interviewing and completing surveys. We explained to them the purpose of the
study and they were assured of complete con�dentiality of their personal data. The collected data were cleaned for missing and incomplete
values. The total number of relevant samples used for the analysis was 214. In addition to this data a qualitative analysis of 10 interviews was
also performed. The SPSS 26.0 and NVivo 12.0 software packages were used in quantitative and qualitative data analysis, to establish the
relationships between variables and constraints. Following data analysis, the results were brainstormed, then visualized as graphs and charts.
The research team discussed and evaluated the results before �nal documentation. The main characteristics and percentages of valid
responses of the survey participants are explained in Table 1.

 

√
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Table 1
Characteristics of Survey Participants and Companies

Gender Percent   Business Operation Percent

Male 67.76   Oil and gas 0.93

Female 32.24   Electricity service 0.93

Total 100.00   Marine and �shing 0.93

Position Percent   Food service 10.75

Director 41.59   Manufacturing 5.61

CEO 16.82   Finance 0.93

General Manager 14.49   Healthcare 1.40

HR Manager 1.40   Education 3.27

Finance Manager 1.40   Travel and Tourism 3.74

Operation Manager 0.93   social clubs 12.15

Employee 6.54   Media and entertainment 2.80

Other 16.82   Construction 14.02

Total 100.00   logistics and supply chain 1.87

Number of O�ces Percent   ICT 1.40

One 60.28   Wholesale (Food and others) 2.34

Two to �ve 33.18   Consultancy 2.80

Six to ten 3.74   Home business 7.94

More than ten 2.80   Sanad o�ce 0.93

Total 100.00   Other 25.23

      Total 100.00

4. Results
We used a wide variety of companies and respondents for our data collection, sampling from public and private companies, Omani and non-
Omani owners, male and female, local and international traders, and from CEOs to employees. The Cronbach alpha is 7.1, which is under the
acceptable range. The surveyed companies comprise public (84.58%), private (11.21%), public-private (2.80%), and non-pro�t (1.40%), with
o�ces in Muscat (37.85%), Al-Batinah South (7.48%), Al-Batinah North (39.25%), Al-Dakhaliyah (7.48%), Al-Buraimi (1.40%), Musandam
(3.27%), Dhofar (1.40%), Al-Dhahirah (1.40%), Al-Wusta (0.47%). Most of these companies are more than 10 years (40.19%), some 3 to 5 years
(27.57%), 6 to 10 years (19.63%), and less than 2 years (12.62%). They serve the public (49.53%), business-to-consumer (37.85%), and
business-to-business (12.62%). Most of them trade locally and few of them export goods. The Omani owners account for 90.19% and non-
Omanis 9.81%. There are 67.76% male respondents and 32.24% female, their positions in the companies vary form Director, CEO, General
Manager, HR Manager, Finance Manager, Operation Manager, to employee. Majority of the SMEs has low level of digitization such as payment
via VISA card etc. For instance, high (e.g. using cloud system, online payment, and no printing (8.4%), moderate (e.g. cloud system, online
payment, and less printing (22.9%), low (e.g. traditional way of communicating and cash/VISA payment only (68.7%). Figure 1 shows the level
of digitization in SMEs in Oman.

The paired t-test for technology use before and during the pandemic shows strong positive correlation (r =.823, p < 0.01) and there is a
signi�cant average difference between technology use before and during the pandemic (t213 = -2.153, p < 0.05). On average score technology
use during Covid-19 was 13.1 points higher than technology use before the pandemic (95% CI [1.1, 25.1]). This indicates that the mean
technology use score during Covid-19 (M= 2.54) was signi�cantly higher than the mean before Covid-19 (M = 2.41). The technology use was
independent of the number of branches and company's age. Table 2 shows Pearson’s correlation matrix of selected variables.
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Table 2
Pearson’s correlation between selected variables

    Customer
type

Type of
business

Impact on
performance

Impact
on
sales

Customer
satisfaction

Technology
use before
pandemic

Technology
use during
pandemic

Technology
use in
future

Customer
type

Pearson
Correlation

1              

Sig. (2-
tailed)

               

Type of
business

Pearson
Correlation

.156* 1            

Sig. (2-
tailed)

0.023              

Impact on
performance

Pearson
Correlation

.273** .173* 1          

Sig. (2-
tailed)

0 0.011            

Impact on
sales

Pearson
Correlation

0.127 -0.02 .322** 1        

Sig. (2-
tailed)

0.063 0.776 0          

Customer
satisfaction

Pearson
Correlation

.146* .143* .237** -0.015 1      

Sig. (2-
tailed)

0.032 0.037 0 0.828        

Technology
use before
pandemic

Pearson
Correlation

.218** .139* 0.118 0.096 .156* 1    

Sig. (2-
tailed)

0.001 0.042 0.084 0.164 0.023      

Technology
use during
pandemic

Pearson
Correlation

.203** .215** .138* .174* .209** .823** 1  

Sig. (2-
tailed)

0.003 0.002 0.044 0.011 0.002 0    

Technology
use in future

Pearson
Correlation

.168* .159* 0.07 .217** .159* .612** .659** 1

Sig. (2-
tailed)

0.014 0.02 0.305 0.001 0.02 0 0  

*. Correlation is signi�cant at the 0.05 level (2-tailed). **. Correlation is signi�cant at the 0.01 level (2-tailed).

There is strong correlation between technology use before and during Covid-19 (r = .823, p < 0.01), technology use during Covid-19 and in future
(r=.659, p<0.01), and technology use before the pandemic and in future (r = .612, p < 0.01). There is also correlation between customers
satisfaction and sales (r = .175, p < 0.05) and technology use before Covid-19, during Covid-19, and in future (r = .156, p < 0.05; r = .209, p <
0.01; r = .159, p < 0.05). On further investigation, we learned that different SME owners and entrepreneurs found some innovative ways to
overcome pandemic impacts and to reduce effects on their pro�ts. Around half of the interviewees said that using technology such as E-
marketing helped to reach out to the customers during the lockdown:

“Whatever I have done until today is almost enough to come out of any situations. To have more of online communications with customers.
Wherever I put my products, people online already know about it. This communication is very important to come out of any situation. Plus, I am
planning to export outside as well. Also, we tied up with Mazoon Souq and online websites that charge for registration and commission as per
the sale of the products. They pay you after 45 days.” [RC034]

Another interviewee explained how the pandemic helped them learn new technology and explore other tools even from outside Oman:

“We use a Russian software, and it is perfect for everything. We design innovative tools ourselves and the workers make them using machines.”
[T-RC024]
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The customer and company have high level of satisfactions with the eService. For instance, satisfaction of company from eService- strongly
dissatis�ed (6.1%), dissatis�ed (9.8%), neutral (40.7%), satis�ed (28.0%), and strongly satis�ed (15.4%), Satisfaction of customer from
eService- strongly dissatis�ed (6.1%), dissatis�ed (3.7%), neutral (43.0%), satis�ed (28.5%), and strongly satis�ed (18.7%). Figure 2 shows the
satisfaction of customers and companies with eService during Covid-19.

In line with some recent studies that argue the pandemic has hastened technology transfer in various economic sectors, including SMEs, the
data we gathered shows innovation development in business and SME sectors in Oman: this is indeed positive progress. Supporting this, some
scholars argue that innovative technologies such as FinTech, which is a crowdfunding platform, not only provide competitive advantages but
also offer “a means for survival, by improvising existing business models” (Akpan et al., 2020: 7). Two of the interviewees mentioned a high
cost of using technology and innovation in the present time; this could be attributable to the limited market access to innovation and
technology solutions. Unfortunately, not many companies provide innovative products and services, as it is a new �eld in business and SME
sectors. There are, however, many opportunities for new start-ups in innovation solutions that the private sector, entrepreneurs and even the
government should consider.

Many businesses survived this pandemic by learning and adopting new technical strategies. For example, the business-to-business marketing
strategy uses retailers sharing information about stock levels and involves technological collaboration between businesses of similar industrial
sectors. Crick and Crick (2020) recognize this helped to limit the negative impacts of the Covid-19 pandemic. A similar strategy of forming
business alliances can be adopted in Oman to help the SMEs sector survive this crisis. We questioned the respondents about the current state
of Industry 4.0 technology and future use and discovered there exists a strong correlation between the industry 4.0 technology current use and
future use (r = .322, p < 0.01). One business owner’s perception of Industry 4.0 technology follows:

“We are planning to invest in Arti�cial Intelligence, big data, machine learning, and biometrics soon. We will hire a consultant to help us
improving in these areas. Our systems are ready for data analysis, so when we are ready to use it, we will be able to analyze the market and
avoid technical problems.” [T-RC024]

While the company size and level of digitalization are related, albeit weakly (r = .189, p < 0.01), this is not related to Industry 4.0 technology
current and future use. Table 3 shows this correlation.

Table 3
Correlation between Industry 4.0 technology current and future use

  Level of
digitalization

Industry 4.0 technology
current use

Industry 4.0 technology use in
future

Industry 4.0 technology
current use

Pearson
Correlation

.322**    

Sig. (2-tailed) 0.000    

Industry 4.0 technology use in
future

Pearson
Correlation

.226** .572**  

Sig. (2-tailed) 0.001 0.000  

Company size Pearson
Correlation

.189** 0.106 0.113

Sig. (2-tailed) 0.006 0.123 0.099

**. Correlation is signi�cant at the 0.01 level (2-tailed).

The survey questionnaire analysis on the use of Industry 4.0 technology in future found that more preference of cloud computing (48%),
followed by Arti�cial Intelligence (23%), and big data (23%). Figure 3 shows the participants willingness to use Industry 4.0 technology in terms
of types and percentage.

Overcoming challenges during the pandemic have improved the strategies used in businesses and SMEs. Moreover, strategizing skills of
entrepreneurs and business owners have also advanced. Four out of ten interviewees con�rmed that they had to change their strategy and
explore new ones and therefore started learning new approaches to survive this pandemic. This entrepreneur said of their explorations:

“We know Oman is a small market, and our technology is borderless. Since day one, we have been planning to sell our product aboard. We have
already started to study the licenses and operation process in other countries, and we have already talked to some companies from GCC and
maybe will reach agreement with some of them soon.” [T-RC004]
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Our data show more issues related to operation than other themes. We found that the companies’ operation (r = .146, p < 0.01) and
performance (r = .237, p < 0.01) were in�uenced by customers’ satisfaction. Revenue was affected due to operation (r = .456, p < 0.01),
performance (r = .299, p < 0.01), and type of business/company (r = .134, p < 0.05).

Additionally, risk of insolvency was associated with operation (r = .468, p < 0.01), performance (r = .303, p < 0.01), and revenues (r = .313, p <
0.01). Figure 4 shows the relationship between selected variables.

The null hypotheses (H1 to H8) proposed in the study are rejected. Table 4 shows the results of the hypotheses upon testing.

Table 4
Results of hypotheses testing

Hypotheses Correlation values Accept/Reject

H1: There is no correlation between technology use by SMEs before and during Covid-19 r = .823, p < 0.01 Reject

H2: There is no correlation between technology use by SMEs before Covid-19 and in future r = .612, p < 0.01 Reject

H3: There is no correlation between technology use by SMEs during Covid-19 and in future r = .659, p < 0.01 Reject

H4: There is no correlation between customer satisfaction and technology use by SMEs during
Covid-19

r = .209, p <0.01 Reject

H5: There is no correlation between customer satisfaction and SMEs performance during Covid-19 r = .237, p < 0.01 Reject

H6: There is no correlation between SMEs’ company size and digitalization during Covid-19 r = .189, p < 0.01 Reject

H7: There is no correlation between Industry 4.0 technology use by SMEs during Covid-19 and in
future

r = .322, p< 0.01 Reject

H8: There is no difference in the technology use by SMEs before and during Covid-19 t213= -2.153, p <
0.05

Reject

5. Discussion
It is clear from the study that the SMEs acted swiftly, embracing measures such as technology adoption and product and marketing
innovations. The Omani Government has been able to curtail the effects of the Covid-19 pandemic and responded well in the healthcare area,
however it also needs to act quickly to prevent economic and societal devastation to SMEs in Oman. The study offers several insightful and
potentially useful policy interventions, alongside practical implications for SMEs. The research recommends actions based on how the SMEs
addressed and responded to the challenges presented during an unforeseen external shock.

The pandemic has been an opportunity for SMEs to re-invent themselves by adopting modern technologies. Furthermore, SMEs have less
competition from foreign companies, thus they can enhance production to meet local demands in the areas of manufacturing, food and
beverage, and agriculture. As a direct result of Covid-19, manufacturing �rms in developed countries have moved from a conventional to an e-
commerce business model (Shahzad et al., 2020), with Oman following suit and applying technological innovation. In general, the way SMEs
have been using digital solutions for e-commerce has completely changed. In Oman, SMEs adopted new strategies and business models, which
ensured their survival and enabled them to market their products during the Covid-19 era. Many industries have changed their business model
to online, helping them to remain competitive (Hussain et al., 2021). The four common perspectives which have been considered by SMEs in
industrialized countries to establish e�ciency and sustain their businesses are: infrastructure development, technological investments,
technology implementation, and technology adoption.

5.1. Infrastructure and management support
Oliveira and Martins (2010) declared the IT infrastructure and technical skills of employees to be crucial factors in an organization’s success for
technology innovation in the value chain. The implementation of technology in SMEs requires top management support (Singh et al., 2019). In
addition, advanced IT infrastructure in these enterprises contributes more towards competition and position. Fletcher and Gri�ths (2020)
studied the digital transformation among businesses during Covid-19and concluded there is a need to attain digital maturity; less digitally
mature organizations have greater fragility, and a higher level of digital maturity among organizations allows greater �exibility.

5.2. Technological investment
The regulatory support from the government and �nancial support from commercial institutions could help SMEs in accepting and using the
latest technologies for their operations. Usually, organizations complain of the high cost of technology adoption, although the relative
advantage overshadows the conventional business processes (Shahzad et al., 2020). Promotion of �nancing schemes, training, reskilling and
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development programs are needed in parallel with simpli�ed �nancing and support centers at governorate and regional level for legal and
�nancial advice, human resources, digitization, and business model innovation. The surveyed organizations complained that technology
adoption in SMEs is low due to higher cost and shortage of adequate funds. In developing countries, adoption cost of technology usage is a
substantial factor for SMEs (Elahi and Hassanzadeh, 2009; Mohtaramzadeh et al., 2018). To improve the overall technology implementation
and adoption climate signi�cantly, the SMEs will need to address trainings, workshops, and aggressively follow the persuasion policies.

5.3. Technology implementation
Digital transformation needs to be conducted continuously for sustaining customer satisfaction and an edge over competitors. With
digitization, as the volume of data grows, the business needs to develop resources for data governance and management. The digital
transformation for SMEs must be supported by governments and stakeholders, yet �nance with supplementary funds for digitization,
technological transfer, and innovation cannot be elucidated since the number of affected SMEs remains unknown. Development of online
platforms for these enterprises to sell their products is required to provide support for domestic producers and local businesses.

5.4. Technology adoption
The lockdown has forced many retail outlets worldwide to provide online shopping and it is expected that this trend will continue post
pandemic. E-commerce has created a competitive advantage, increased productivity, and improved scheduling for the number of staff,
campaigns, acquisitions, and other costs. In an empirical study by Hussain et al. (2020) competitive pressure led to e-commerce adoption.
Increased competitive pressure leads to more use of the information system in SMEs (Ocloo et al., 2018). Baporikar (2015) said SMEs are the
lifeblood of any economy. In light of this, Oman should create a suitable system for entrepreneurship, which is considered globally to be the raw
fuel for creating jobs. Furthermore, considering Omani people have only two ways of securing a job, by entering the public or private sectors,
entrepreneurship could be the third option for self-employment and youth employment. In this way, SMEs in Oman would gradually begin to
lead in creating jobs for the people.

6. Conclusion
This study underscores the importance of technology in business and economic development, especially where countries face economic
situations emanating from crises such as COVID-19 or move fast towards the fourth industrial revolution. Cutting-edge technologies add
competitive advantages by improving existing business models and business strategies drive the innovation and reengineering processes. The
power of AI, machine learning, IoT, robots, and data analytics can be leveraged by businesses for sustainability, resilience, and improved
business continuity. The Covid-19 pandemic caused SMEs to take up new strategies that effectively and e�ciently added value to their
businesses. This is illustrated through quantitative and qualitative analyses of technological transformation in SMEs.

The study offers substantial contributions to literature on the roles of innovative or advanced technologies to enhance the operations activities,
create competitive advantages, and enhance growth. These have become the survival means for many businesses, which were compelled to
adopt technologies due to unusual disruptions in commerce. The lockdowns have accelerated, projected, and magni�ed the impact of
technology. We found strong correlations between technology uses pre- Covid-19, during Covid-19, and in future. The use of technology leads to
higher satisfaction among customers, SME performances, and sales. We also found that highly digitized SMEs are more likely to adopt Industry
4.0 technology in future.

The study acknowledges its limitations of the coverage of only Omani SMEs and the short duration of eighteen months since the outbreak of
Covid-19. It also realizes the emergence of several new Covid-19 strains that makes it di�cult to have a �rm conclusion on the technology
acceleration rate and their impacts on SMEs. Thus, we recommend the conduct of similar studies in the ensuing weaves of Covid-19 for
comparison.
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Figures

Figure 1

Level of digitization in SMEs in Oman
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Figure 2

Satisfaction of customers and companies with eService during Covid-19

Figure 3

Participants’ willingness to use Industry 4.0 technology in terms of types and percentage
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Figure 4

Relationship between selected variables
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