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Abstract. This paper assesses empirically the COVID-19 effect on businesses and the potential dynamic 
changes regarding post-COVID-19 automation and technology penetration using various logistic re-
gression models. A field survey was used to collect the necessary data for testing various hypotheses. This 
study demonstrates the severity of the pandemic on businesses and how it has changed their perspectives 
on technology as a critical aspect of survival and future success. The results showed that capital-intensive 
firms are more resilient to the crisis. In addition, the firms that were affected severely in terms of employ-
ment due to the pandemic believe that technology will significantly impact hiring, investment, and value 
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added. This paper investigates a unique phenomenon represented by COVID-19, its impact on businesses 
in a resource-rich context and their responsiveness concerning technology deployment and automation.  
Keywords: innovation, COVID-19, automation, technology, productivity

1. Introduction

The COVID-19 pandemic created a public health crisis and triggered a significant eco-
nomic crisis, immediately disrupting production and consumption. Thus, the COV-
ID-19 pandemic delivered a double whammy to economic activity. The pandemic led 
to a reduction in labor supply (which leads to a drop in output) due to restrictions on 
people’s movements and the loss of labor due to COVID-19 deaths, quarantine, and 
hospital admissions laborers. Containment measures such as total or partial lockdowns 
exacerbate the loss of labor. On the other hand, consumers lost their income due to 
containment measures and workers’ layoffs. However, some sectors, such as tourism, 
leisure centers, entertainment, restaurants, and transportation, were affected more than 
others. 

Many firms opted for technology as a life-saver to carry on their business activi-
ties to minimize disruption to their operations. This surge in the use of digital tech-
nologies enabled people and organizations worldwide to adjust to new ways of work 
and life (Brem et al., 2021; Cruz-Cárdenas et al., 2021; Pandey & Pal, 2020). Cloud 
computing, Internet-of-Things (IoT), Artificial Intelligence (AI), and automation are 
key examples of what organizations adopt as part of their transformational journey. For 
instance, the Intelligent Internet of Things which applies IoT jointly with Artificial In-
telligence has emerged as a key factor in the pandemic’s wake, especially in the health 
sector (López-Vargas et al., 2021). 

A vast flow of literature documents the accumulated enormity and dragging effects 
of the COVID-19 pandemic shock and its widespread impact on global businesses 
(Apedo-Amah et al., 2020; Bloom et al., 2021). Locally, in the case of Kuwait, the pan-
demic has provoked serious health, social, and economic disruptions, including strict 
social distancing, curfews, and travel restrictions that culminated in a serious recession 
where GDP contracted by around 9%, and its protracted severity lasted longer than 
any of the historical recessions that Kuwait had experienced before (Al-Qudsi et al., 
2021). In the private sector, the pandemic hit Kuwait’s business and labor market hard 
and displaced many foreign workers, estimated at 200,000 by 2021. Kuwaiti businesses 
rushed to automation as a substitute for physical labor in the workplace to safeguard 
their businesses during curfews and strict social distancing. They deployed remote 
working, training, and learning in schools and universities. 

According to Mishna et al. (2021) and Singh et al. (2020), ICT adoption appeared 
as a business strategy for micro, small and medium-sized enterprises (MSMEs) dur-
ing the COVID-19 pandemic. Several studies reported that firms benefited from ICT 
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adoption during the crisis (Guo et al., 2020; Shiralkar et al., 2021; Wendt et al., 2021). 
More specifically, Kumar et al. (2023) aimed to investigate the impact of ICT adoption 
factors on MSMEs. A total of 393 responses from Indian small and medium-sized en-
terprises (SMEs) were collected; 48.6% of respondents believed that COVID-19 accel-
erated the process of digitization, and 70% indicated increased use of ICT due to the 
COVID-19 conditions. Also, about 64% indicated that their digitization expenses had 
increased due to COVID-19. Also, Wicaksono and Simangunsong (2022) argue that 
the COVID-19 epidemic appears to have accelerated digital technology adoption in 
Indonesia as digital technologies  helped MSMEs handle the COVID-19 shock better. 
Their preliminary analysis suggests that utilization of the internet and being part of the 
supply chains were critical determinants for lessening the impact of COVID-19.

Zutshi et al. (2021) examined how SMEs can deal with the COVID-19 crisis 
through a review of 34 articles. They suggest that new technological advancements can 
enhance SMEs’ ability to survive in the context of the COVID-19 pandemic. 

Several studies have suggested that Industry 4.0 adoption enabled manufacturers to 
deal with the effects of the COVID-19 pandemic (Akpan et al., 2021; Hopkins, 2021; 
Spieske & Birkel, 2021). More specifically, Bianco et al. (2023) studied whether In-
dustry 4.0 implementation improved companies’ resilience, performance and stability 
during the COVID-19 shock. They utilized structural equation modeling to analyze 
data collected from 207 manufacturing companies in Brazil from October to December 
2020. Their findings suggest that operational responses based on Industry 4.0 helped 
manufacturers to sustain their performance during the COVID-19 crisis, which sup-
ports the development of resilience characteristics for a company (flexibility, reliability, 
robustness, and responsiveness). Their study suggests that manufacturers’ resilience 
characteristics helped ease the effects of the COVID-19 crisis.

As discussed above, the literature entertained the idea that COVID-19 has contrib-
uted to accelerating technology deployment and digitization in particular (Kutnjak, 
2021). For instance, Egana-delSol et al. (2021) examined how COVID-19 catalyzed 
the automation process. This paper contributes to this direction of work and tests spe-
cific hypotheses regarding the potential of automation due to COVID-19 based on the 
perspectives of the businesses in Kuwait. Unlike previous studies, this paper links the 
severity of the impact of COVID-19 with influencing the business perspective of the 
outlook of AI, productivity, and creativity, which are key future capabilities for any firm.  

Limited published studies have investigated the possible link between COVID-19 
and automation, especially in a resource-rich economy context. This study addresses a 
contemporary issue explored in recent literature concerning the correlation between 
COVID-19 and the adoption of technology and automation. The literature review has 
highlighted a consensus on the significant impact of COVID-19 on businesses. Howev-
er, its role in expediting technology deployment, including AI, is still unclear, and there 
is a scarcity of empirical studies addressing this aspect. 
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2. Background 

2.1 The Impact of COVID-19 on Business Performance

Numerous scholars have investigated the effect of the COVID-19 pandemic on the 
overall macroeconomic performance of an economy and business. Apedo-Amah et al. 
(2020) investigated the short-term effects of the pandemic on over 100,00 businesses 
across 51 developing countries. The authors concluded that the shock of the pandemic 
had had a severe and persistent negative impact on sales across various sectors. The 
findings indicate that over 90% of the open firms show an 84% reduction in sales and 
employment. Similar negative impacts of SMEs on liquidity, business activity, and clo-
sure are demonstrated in the literature (Barrero et al., 2020; Bartik et al., 2020). Bloom 
et al. (2021) used survey data of around 2,500 US small businesses to gauge the bearing 
of COVID-19 on businesses. They found that sales plummeted steeply in the second 
quarter of 2020 by an average of 29%. They forecast that these impacts seem to be per-
sistent up to the middle of 2021. Their analysis uncovers heterogeneity in the impact 
of COVID-19 on different types of firms and owners. Firms with little or no internet 
presence experienced a decline of over 40% in sales compared to less than 10% for on-
line firms. Alessa et al. (2021) surveyed 445 male and female entrepreneurs in Riyadh, 
Saudi Arabia, using a simple random sample over four months. They found that the 
pandemic negatively impacted business productivity and profits, forcing many busi-
nesses to physically close permanently in Saudi Arabia.

2.2 COVID-19 as a Catalyst for Digitization and Automation

The lockdowns and the health restrictions of the pandemic forced businesses even 
in developing countries to shift from conventional sales to digital sales. Patma et al. 
(2020) studied the adoption of internet and e-business technology on the performance 
of SMEs during the pandemic by applying structural equation modelling-based vari-
ance partial least square on 123 SMEs in Indonesia. The findings obtained in this study 
showed a positive impact of adopting e-business technology to boost profits and sales. 
Effiom and Edet  (2020) have assessed Nigeria’s adoption of financial technologies. The 
study applied an autoregressive distributed lag methodology to investigate the effect 
of automated financial clearing on business performance. The results indicate that au-
tomated financial clearing can positively impact firms’ productivity and performance. 

The COVID-19 pandemic seems to have catalyzed digitization. New technolo-
gies have replaced the mode of operations in almost every industry and have changed 
consumer behavior. Craven et al. (2020) indicate a substantial surge in e-commerce, a 
change in brand preferences and a decline in non-essential expenditure. According to 
Puttaiah et al. (2020), there has been an extreme increase of business and videoconfer-
encing apps, and 58% of US consumers indicated that they have been spending more 
money online since the start of the COVID-19 pandemic. 

https://www.koreascience.or.kr/article/JAKO202112748674924.page#ref-10
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2.3 Technology Penetration Impact on Businesses due to COVID-19 

COVID-19 came out of the blue and allegedly accelerated the new era of integrated 
technologies (Industry 4.0), which include robotics, artificial intelligence, 3D printing, 
and the Internet of things (Martinelli et al., 2021). Apart from its technological impact, 
it is expected to affect job opportunities in the future (WEF, 2016).    

During the pandemic, the pressure due to the supply shortages of critical medical 
equipment forced countries to reconsider the global value chain of these products and 
others in the future. Localized supply sources and Industry 4.0 technologies such as big 
data are key examples of effective strategies to overcome the challenges posed by COV-
ID-19 (Belhadi et al., 2021). Such a shift could change the global manufacturing game 
and increase polarization within and across countries, especially if these new technolo-
gies reduce the importance of low-wage labor (Hallward-Driemeier & Nayyar, 2017). 

A recent econometric study on Industry 4.0 showed that back-shoring is linked with 
high technology industries (Dachs & Adnan, 2019). Hence, the R&D-intensive firms 
are the ones that are keen to bring back operations that can be performed effectively 
utilizing Industry 4.0 capabilities.   

The initial indication is that COVID-19 will most likely induce technological change 
and advance automation  (Lund et al., 2021). This will increase productivity and wages 
in some occupations and negatively affect other workforce groups (Warman & Cher-
noff, 2020). The negatively affected jobs are the ones that are usually identified as jobs 
at risk in the near future. These include jobs such as mortgage brokers, paralegals, ac-
countants, and some back-office staff, according to a McKinsey study (Manyika et al., 
2017), which suggests that by 2030, from 75 million to 375 million workers will need 
to switch occupational categories, but this varies across countries. 

COVID-19 brought a new dimension to the equation where jobs in work areas 
with higher levels of physical proximity are likely to see a greater transformation after 
the pandemic (Lund et al., 2021). However, the automation story in the United States 
and the past hype did not meet the expectation. According to Acemoglu and Restrepo 
(2020), adding one additional robot per 1,000 workers reduced the national employ-
ment-to-population ratio by about 0.2 per cent from 1990 to 2007.  

2.4 AI, Productivity, and Creativity 

Productivity gains encourage accelerating technology deployment further, and COV-
ID-19 is another new incentive. However, only those developing, investing, and work-
ing in Industry 4.0 technologies will benefit by accumulating capital and increasing 
their income significantly, increasing the wage gap and income inequality (Prettner & 
Strulik, 2020).   

Apart from the specific impact of COVID-19 due to the added incentives to auto-
mate to protect workers’ health and mitigate risks to their operations, recessions proved 
to result in an economic transformation. Pieces of evidence from the US and Canada, 
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for instance, showed that the main routine job losses have occurred over the last three 
recessions and that these jobs do not return (Blit, 2020). However, the COVID-specific 
incentives are going to affect sectors differently. For example, in the retail sector, there 
has been a significant impact on the retail real estate business in general (Nanda et al., 
2021), and hence the jobs associated with high street stores. 

AI has been an essential part of Industry 4.0, and COVID-19 has increased its im-
portance due to its broad applications, including healthcare, such as Digital healthcare 
wearables, which were used heavily during the pandemic (Brem et al., 2021). The de-
velopment of modern AI is related to the recent advancement in computing technolo-
gies and machine learning processes (Martinelli et al., 2021). Such development is es-
sential since the technology is becoming surprisingly capable in domains that are only 
for humans and not just to substitute for routine manual and cognitive tasks (Autor et 
al., 2003). Pedota and Piscitello (2022) argue that new dynamics of complementarity 
are also likely to emerge and rise in importance. The complementarity, according to 
Pedota and Piscitello, represents a relationship between two entities that enhance the 
value of each other as part of creative tasks that are a subset of non-routine cognitive 
tasks. Therefore, the demand for creativity for businesses is not just offered by humans 
but also the machine-made competencies (Kirstetter et al., 2013). Amabile (2020) an-
ticipates that AI might eventually yield creative breakthroughs with a high impact on 
businesses and society. Therefore, researching empirically the AI outlook is necessary, 
and this study contributes to this effort.  

3. T﻿heoretical Framework and Hypotheses

As discussed in the Background Section, COVID-19 and similar events affected the 
economy, spurred automation, and increased technology adoption in general (Belha-
di et al., 2021; Brem et al., 2021; Lund et al., 2021). The review of previous studies 
demonstrated a consensus on the negative impact of COVID-19 on the performance 
of enterprises (Apedo-Amah et al., 2020; Barrero et al., 2020; Bartik et al., 2020). 
However, unlike most reviewed studies, our study tested such phenomena using three 
dimensions: the effect on sales, liquidity and employment. In a few studies that have 
investigated the potential of COVID-19 to accelerate technology deployment in gen-
eral, the emphasis was mainly on how COVID-19 “pushed” digital transformation into 
specific industries (Kutnjak, 2021). This paper examined those firms severely affected 
by COVID-19 and measured the expected response and outlook of technology deploy-
ment. This part fills the gap in the literature by focusing on the impact of COVID-19 on 
accelerating technology adoption using micro-level data that distinguishes between the 
views of those affected by the pandemic and their prospective reaction. For instance, 
the paper links the impact of COVID-19 on businesses with future demand for critical 
emerging technologies such as AI.  
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The two central research questions of this paper are as follows:

Question 1: How did COVID-19 impact on business performance in Kuwait? 

In the first question, the performance was measured in terms of sales, liquidity, and 
employment. The corresponding hypothesis to this question was developed as follows:

Hypothesis 1: The impact of COVID-19 (measured by sales, liquidity, and employment) differs 
based on firm age, sector, labor/capital intensity. 

Question 2: What is the anticipated impact on technology deployment?.

Three sub-questions were derived from the second central research question, each 
relating to different aspects of the future impact of COVID-19 on technology deploy-
ment. Corresponding hypotheses were developed from the three sub-questions. These 
three sub-questions and hypotheses are explained below.   

Sub-Question 2.1: What is the potential of automation due to COVID-19? 

This research question tries to determine whether automation was a temporary 
solution during the pandemic or whether it will extend beyond to achieve other objec-
tives, such as productivity improvement. 

Hypothesis 2.1: The severity of the impact of COVID-19 influenced the firms’ views of the speed 
of automation anticipation. 

Sub-Question 2.2: How will technology deployment affect employment (in Kuwait and else-
where), investment, and value added?

This research question addresses the view of the business on the role of technology 
penetration in changing employment, investment and value added, and whether COV-
ID-19 played a role or not.  

Hypothesis 2.2: The severity of the impact of COVID-19 influenced the firms’ views of future 
employment, investment, and value added due to technology penetration.

Sub-Question 2.3: What is the impact of COVID-19 on the demand for AI, productivity, and 
creativity?

AI has been on the rise recently, along with creativity and productivity. This research 
question takes care of this recent trend and checks if COVID-19 has enhanced this 
perspective.  

Hypothesis 2.3: The severity of the impact of COVID-19 influenced the firms’ views of the de-
mand for AI, productivity, and creativity. 

4. Methodology 

The paper utilizes survey data to determine the COVID-19 impact on Kuwait’s busi-
nesses and how the pandemic affected technology deployment. The data was analyzed 
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statistically using STATA software to test a set of hypotheses mentioned in the Theoret-
ical Framework and Hypotheses Section. 

4.1 The Dataset 

The field survey of a sample comprising 262 CEOs (business leaders) was polled be-
tween September and December 2020. The sample broadly represents Kuwait’s over-
all business leaders in terms of size of business companies, paid-up capital and broad 
industrial and sector classifications. The response rate was 66% (262 firms out of 397 
targeted firms). Due to the COVID-19 partial lockdown and restrictions, different data 
gathering approaches were utilized, although the objective was to conduct face-to-face 
interviews. The additional approaches included telephone interviews and an online 
questionnaire while maintaining the same contents of topics discussed in the interview 
questions. The interviews were conducted with CEOs or senior managers.  

The survey collected information on the impact of COVID-19 on the Kuwaiti econ-
omy and its ramifications on their companies in terms of specific indicators such as 
sales, liquidity, and employment. Also, the survey sought to glean information from 
Kuwait’s CEOs regarding the anticipated role of technology in their operations, em-
ployment of Kuwaiti and non-Kuwaiti workers, investment and value added. 

4.2 The Specifications of the Models

Several logistic models were derived to test the hypotheses identified in the Theoretical 
Framework Section (Wooldridge, 2006). The first group of these models were designed 
to measure the impact of COVID-19 on sales, liquidity, and employment using binary 
logistic regression models, as was the case for the second group, which were designed to 
measure automation potential and its relationship with the COVID-19 impact. 

The logit model was as follows:

Pr(Yi = 1 ∨ Xj ) = F(B0 + B1X1 + ⋯ + BiXj)

where 
Yi  is the dependent variables representing the impact of COVID-19 in the first 

group of models and automation in the second group as described in Table 1;
Xj is the independent variables representing indicators such as firm age in the first 

group of models and the same for indicators in the second group, but including the 
impact of COVID-19 as described in Table 1;

B1to Bi are coefficients to be estimated.

The third group focused on measuring the relationship between the severity of 
COVID-19 and its impact on future employment, investment, and value added. In con-
trast, the fourth measured the demand for AI, productivity and creativity post COV-
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ID-19 utilizing the ordered logistic regression. Since the latter group models have an 
ordinal dependent variable, ordered logistic regression was used (Fullerton, 2009).  

Table 1 lists the variables defined in the models. The first group of variables meas-
ures the impact of COVID-19. The second group of variables measures different di-
mensions related to technology and automation, and the third describes the basic firms’ 
demography.  

Table 1
List of Variables Used in the Models 

Variable name Description 
Impact of COVID-19

Impactsevs Dichotomous variable equal to 1 for firms with sales decreased more than 
40% due to COVID-19, and 0 if sales decreased less than 40%;

Impactsevl Dichotomous variable equal to 1 for firms with liquidity decreased more 
than 40% due to COVID-19, and 0 if sales decreased less than 40%;

Impactseve Dichotomous variable equal to 1 for firms with employment decreased more 
than 40% due to COVID-19, and 0 if sales decreased less than 40%;

Technology and Automation 

Autop Dichotomous variable equal to 1 for firms expecting 40% or more reliance 
on automation in 2024, and 0 for less than 40%;

Techk
Categorical variable represents the impact of technology penetration on 

hiring Kuwaiti, equal to 1 if it increases, 2 if there is no change, and 3 if it 
decreases. 

Technk
Categorical variable represents the impact of technology penetration on 

hiring non-Kuwaiti, equal to1 if it increases, 2 if there is no change, and 3 if 
it decreases.

Techi
Categorical variable represents the impact of technology penetration on 

investment volume, equal to 1 if it increases, 2 if there is no change, and 3 if 
it decreases.

Techv Categorical variable represents the impact of technology penetration on 
value added; 1=increase, 2=no change, and 3=decrease;

Demai Categorical variable represents demand for AI in the future; 1=very high, 2= 
high, 3=medium, 4=low, and 5=very low.  

Demprod Categorical variable represents demand for productivity in the future; 
1=very high, 2=high, 3=medium, 4=low, and 5=very low.  

Demcreat Categorical variable represents demand for creativity in the future; 1=very 
high, 2=high, 3=medium, 4=low, and 5=very low.

Firm and sectors indicators
Firmage  Continuous variable representing the age of the firm in years;

Sector A set of dummy variables: 1 indicates the sector a firm belongs to (manufac-
turing, construction, trade, non-finance, and finance ) and 0 otherwise.

Lintens Dichotomous variable: 1 stands for firms which are labor intensive, and 0 if 
they are not. 

Cintens Dichotomous variable: 1 stands for firms which are capital intensive, and 0 if 
they are not.
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To avoid any selectivity bias, the authors ran parallel regression models utilizing 
Heckman selection models (Heckman, 1979) using a probit link function (Agresti, 
2015), and the results of the models were very similar to the original regression models 
which are presented in this paper. This has given the authors of this paper further con-
fidence in the robustness of the models in addition to the standard test reported in the 
Analysis and Results Section. 

5. Analysis and Results 

The CEO sample was mainly from the private sector (84%), while 10% were in the 
government sector and 6% were in the public-private sector. Nearly 29% of responding 
CEOs represent medium-sized companies that employ 50–249 workers. 37% of total 
CEOs represent CEOs of large companies employing more than 250 workers, while 
those in charge of small companies constitute 33% (Figure 1). 

Figure 1
Company Size by Number of Total Workers

 
 

33%
29%

37%

1% Small (1-49)
Medium (50-249)
Large (>=250)
NA

The survey covered all the major sectors, as shown in Figure 2. The results show that 
29% of the surveyed firms are from the non-finance sector (business services), followed 
by the manufacturing sector and the finance sector, both at 21%, while trade activi-
ties constitute 20%, and the remaining 10% are in the construction sector (Al-Fulaij & 
Al-Qudsi, 2021).  
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Figure 2
TED CEO Survey: Company Size by Economic Sector

5.1 The Impact of COVID-19

About 72% of Kuwaiti CEOs believe that the 2020 coronavirus cum oil price collapse 
has severely impacted the Kuwaiti economy. This is comparable to findings of a recent 
international survey by the World Economic Forum (WEF), which showed that near-
ly 70% of business leaders expected a long-drawn-out recession worldwide resulting 
from the pandemic outbreak, which has shocked and wrecked livelihoods (Franco et 
al., 2020). 

The great majority of Kuwaiti CEOs indicate that since coronavirus first hit their 
companies, its impact on their companies’ sales volumes has been harsh, with 88% in-
dicating a negative sales impact. This is similar to previous SMEs surveys in Kuwait 
(the majority of our surveyed firms are SMEs), which were published at the beginning 
of the pandemic and showed that COVID-19 has severely impacted Kuwait SMEs and 
forced many firms to suspend or shut down their operation, particularly non-financial 
sectors (Al-Rowaih et al., 2020; Bensirri, 2020). A similar impact on businesses has 
been reported across geographies and sectors at the global level, and SMEs were the 
most affected sector (Apedo-Amah et al., 2020). 

The negative impact of sales reduction was considered substantial, greater than 40% 
reduction in sales by 36%, while only 10% of the CEOs indicated the increase in sales 
was greater than 40% (Figure 3). However, a small minority of Kuwait’s business lead-
ers, 4%, indicated that coronavirus positively impacted their company sales. Moreover, 
the magnitude of the indicated increase in company sales was relatively small, 20% in-
dicating a sales gain in the range of 20% to 40%. 
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Figure 3
The Impact of COVID-19 on a Company’s Sales

In terms of the impact of coronavirus on company liquidity, the majority of Kuwaiti 
CEOs, 82%, indicated that their company liquidity declined. Only 3% stated that com-
pany liquidity increased, 12% indicated no change, and 3% had no response. Nearly 
36% of CEOs asserted that the negative impact on liquidity exceeded 40%. 

In terms of employment, 68% of total responses indicated that the 2020 coronavirus 
recession had a negative impact on employment size, with 64% of them rating the extent 
of the diminished employment demand to be over 20%. This was a direct and short-term 
effect on employment. Still, the long-term and permanent COVID-related layoffs could 
be devastating as they were estimated to be 42%, according to Barrero et al. (2020). 

The results of the logistics regression models to measure COVID-19 impact on 
sales, liquidity and employment show that most of the factors considered were not sta-
tistically significant in predicting the impact except capital-intensive firms in the case of 
impact on sales (p < .01) and liquidity (p < .1). The sign of the coefficient confirms that 
capital-intensive firms are more resilient. In a similar crisis situation, an empirical study 
showed that access to capital was one of the key factors that enabled firms in Sweden 
to survive difficult times, including the 1990–93 and 2007–09 crises (Pal et al., 2014). 
Another specific econometric study on COVID-19 in the UK found a significant rela-
tionship between resilience and entrepreneurs’ management and financial capabilities 
(Greene et al., 2020). 

It is worth mentioning that we have dropped the firm size in these models due to 
the high correlation with labor-intensive variables (0.88). In terms of sectors, only the 
construction sector was significant (p < .1) concerning the impact on sales only (the 
sales of 80% of the sampled firms in construction sectors declined by at least 20%). 
Therefore, it seems that since we have aggregated all sectors to five sectors, the differ-
ence was not apparent. The three models were tested using receiver operating char-
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Table 2
The COVID-19 Impact in Terms of Sales, Liquidity and Employment    

(1) (2) (3)
VARIABLES impactsevs impactsevl impactseve

lintens
-0.274 -0.227 0.0316

(0.396) (0.374) (0.389)

cintens
-0.986*** -0.591* -0.384
(0.367) (0.345) (0.363)

2.sectorid
1.237* 0.555 0.566

(0.745) (0.627) (0.608)

3.sectorid
0.0537 0.124 -0.823
(0.529) (0.510) (0.553)

4.sectorid
0.868 0.686 0.402

(0.528) (0.495) (0.481)

5.sectorid
-0.252 -0.0221 -0.791

(0.506) (0.491) (0.525)

firmage
0.00171 -0.00496 -0.00572
(0.0101) (0.00942) (0.00970)

Constant
0.892* 0.628 -0.0861

(0.517) (0.490) (0.495)
AIC 220.7434   239.5567   228.1919   
BIC 245.9233 264.7367 253.3719
Pesudo R -Square 0.0797 0.0383 0.0564
 Prob > chi2 0.0133 0.2601 0.0804
Observations 172 172 172

Note. Standard errors in parentheses. ***represents p<0.01, ** p<0.05, * p<0.1.

acteristic (ROC) curves which measure the model’s ability to discriminate between 
observations. The value was close to 0.7 for all of them, which is considered acceptable 
(Mandrekar, 2010). For the goodness of fit (GOF), the Hosmer-Lemeshow test was 
used, and the p-value for all the models indicated that there is no significant difference 
between observed and predicted values (Zhang, 2016).  

5.2 The Potential of Automation and Technology Penetration Post COVID-19 

The response of the Kuwaiti CEOs to the question “How much do you think your com-
pany will rely on automation in future dates by January 2024?” showed that the future 
is going to look very different since 43% expect that more than 40% of their operation 
will be automated. Only 6% of CEOs think they will not use automation, and 6% think 
they will use it less than 5%. Interestingly, this is not specific to Kuwait; in their survey 
of Canadian citizens in 2020 and 2021, Loewen and Lee-Whiting (2021) found that 
the majority of the respondents think that the adoption of AI and automation will not 
stop when the pandemic ends. 
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Although the descriptive analysis showed that COVID-19 had changed the mind-
set of CEOs in terms of investing in automation, interestingly, this view was not sig-
nificantly different between those affected more severely during the pandemic (Table 
3). The only significant relationship was with the labor-intensive firms (p < .1), which 
showed that those firms are more keen and aware of the need for automation, and this 
pandemic proved this point for now and in the future. Although the ROC curves were 
not as good as the previous models (about 0.6), the Hosmer-Lemeshow GOF test was 
acceptable except for Model 4. Our results are consistent with the findings in the litera-
ture. Beland et al. (2020) found that in the United States, COVID-19 has increased the 
unemployment rate for less-educated workers. Micco (2019) found that total employ-
ment in occupations at risk (primarily manual labor) declined at an annual rate of 1.5% 
compared to riskless occupations in the United States during the period 2004–2016. 
The literature suggests that this may be more profound for less developed countries 
that rely on labor (labor-intensive sectors). For instance, Arntz et al. (2016) found that 
the fraction of jobs at high risk of automation among member countries of OECD was 
9%, compared to Egaña-delSol and Joyce (2020) estimates of 11–42% for developing 
economies. 

Table 3
The Relationship Between COVID-19 and Automation 

(4) (5) (6)
VARIABLES autop autop autop

lintens
0.631* 0.617* 0.615*

(0.369) (0.369) (0.370)

cintens
-0.0597 -0.113 -0.0423
(0.355) (0.352) (0.350)

firmage
-0.000231 -0.000530 0.000107
(0.00915) (0.00919) (0.00916)

Impactsevs
0.0354
(0.348)

Impactsevl
-0.343

(0.332)

impactseve
0.363

(0.334)

Constant
-0.843** -0.584 -0.967***
(0.398) (0.378) (0.338)

AIC 229.133 228.0767   227.9686   
BIC 244.8705 243.8142 243.7061
Pesudo R -Square 0.0150 0.0198 0.0202
Prob > chi2 0.5026 0.3550 0.3420
Observations 172 172 172

Note. Standard errors in parentheses. *** represents p<0.01, ** p<0.05, * p<0.1.15.
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In response to the likely impact of technology penetration on investment in the 
post-coronavirus era, a sizeable majority (62%) of CEOs indicate that company in-
vestment will decline. This is consistent with the survey conducted on 500 firms in 10 
emerging markets, which showed that COVID-19 encouraged firms to reduce invest-
ment (Beck et al., 2020). 

In the inferential analysis, the severity of the impact of COVID-19 influenced the 
firms’ view about the impact of technology penetration on hiring, investment and value 
added. Still, it varied among the firms affected by COVID-19 in terms of sales, liquidity 
and employment. The severity measured by employment can predict the technology 
penetration impact on hiring non-Kuwaiti with significance (p < .05) and less signifi-
cance with hiring Kuwaitis (p < .1). This shows how the pandemic has influenced those 
affected severely in terms of employment of the future impact of technology, not just 
regarding hiring but also investment and value added, and both are highly significant 
(p < .01), as shown in Table 4. The severity in terms of liquidity was the only significant 
predictor of the value added. It is worth mentioning that all the models were tested 
using the customized GOF Hosmer-Lemeshow (HL), Pulkstenis-Robinson (PR), and 
Lipsitz test (Fagerland & Hosmer, 2017).

5.3 The Future Demand for AI, Productivity, and Creativity

According to our results from the logistic regression models, the impact of COVID-19 
cannot explain the demand for AI, productivity and creativity. None of the impact 
measures showed a significant predictor. However, a firm’s age was significant (p < .05) 
in predicting the demand for AI, and capital-intensive firms are also significant (p  < 
.05), but in predicting the demand for productivity and creativity. According to the 
Global AI Adoption Index 2021 of IBM, 43% of interviewed firms think that the COV-
ID-19 pandemic has accelerated their rollout of AI, and larger firms were 31% more 
likely than smaller ones to report that their company had accelerated their AI deploy-
ment programs as a result of COVID-19 (IBM, 2021). 

The literature indicates that mixed effects differ considerably across economic sec-
tors and countries (Dümcke, 2021; Florida & Seman, 2020; Travkina & Sacco, 2020). 
The Information Technologies (IT) sector is experiencing positive effects (Kim et al., 
2020), while libraries, museums, and arts and entertainment industries have experi-
enced negative effects (Agostino et al., 2020; Machovec, 2020). According to Belitski 
et al. (2021), the IT industry has expanded due to increased demand for IT and soft-
ware (e.g., online digital platforms). Additionally, the IT industry has aided the comple-
mentarity effect within other industries, buttressing firms’ resilience and performance. 
For instance, sales and delivery, education, and meeting migrated to online operations 
(Soni, 2020). 

In our survey, more than 85% of firms that are more than 20 years old indicated that 
demand for AI is medium and above. So although there is a consensus on the AI trends 
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and potential impact, it seems its economic impact and value for productivity are less 
conclusive (Damioli et al., 2021). 

6. Discussion 

The effect of COVID-19 was contagious, and developing countries exhibited economic 
vulnerability during the COVID-19 crisis due to the disruptions in global value chains, 
reducing GDP up to 5.4% for countries in sub-Saharan Africa, Asia and Latin America  
(Pahl et al., 2021). The anticipated long-term effect regarding the supply chain was that 
firms in developed countries started to amend future strategies and accelerate invest-
ment in technologies to lessen dependence on developing countries (Hallward-Drie-
meier & Nayyar, 2017). The Reshoring Initiative in the United States is an example of 
increasing investments in Industry 4.0 technologies to reduce dependence on China 
in manufacturing (Sauter & Stebbins, 2016). 3D printing is one of the key enabling 
technologies for countries with a strong manufacturing base in the past to revive the 
manufacturing sector and create new jobs in advanced manufacturing niches. It can also 
be an excellent opportunity for developing countries to leapfrog technological develop-
ments and indigenize their manufacturing industry, especially those with the financial 
resources for such ambitious goals as Kuwait. 

For Kuwait, although the direct negative impact measured by the financial aspect 
(e.g., sales and liquidity) was the primary concern, this paper argues that the long-term 
effect is the one that needs attention. This includes job creation and improving the hu-
man capital of Kuwait, which is the cornerstone of Kuwait’s 2035 Vision and its future 
socio-economic development path. 

Large firms in Kuwait seem more innovative, significant economic contributors, and 
more resilient to crises (Arman et al., 2022). The results of this study showed that these 
firms, the capital-intensive ones in particular, were better equipped to face all the types 
of negative impacts of COVID-19.      

Business leaders are usually aware of the importance of future trends and the rapid 
pace of technological developments. Still, the firms are habitually lacking when it comes 
to actions and implementation. In this study, most of the CEOs of Kuwaiti firms believe 
and anticipate the high role of automation to be embedded in their operations, and the 
possibility of replacing labor is high, yet very few initiates are taking place on their shop 
floor for different reasons. Firms had a similar view of the future of automation regardless 
of the recent impact of COVID-19, except those firms with a large number of employment 
(labeled in this study as labor-intensive firms). This could mean that even those firms who 
were poorly affected by COVID-19 have witnessed the pandemic wave on businesses, 
which has changed their thinking and increased the future automation outlook. 

The analysis and the insights from the study highlight the difference in the impact 
of technology penetration on the two types of employment in the unique context of 
Kuwait and GCC at large. It seems businesses believe that national employees will be 
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safeguarded even with high technology penetration in Kuwait. This could be attributed 
to the businesses’ view of the expected role of government to protect these jobs, or the 
skill level is within the category that is immune to technology change impact. However, 
the adverse reactions to investment and value added due to technology penetration are 
expected to bounce back, but the time and shape remain uncertain. 

Although CEOs think highly of AI and are willing to invest in improving their hu-
man capital through training, it seems COVID-19 did not spur high demand for AI in 
businesses in Kuwait, according to our survey results. Only well-established firms that 
have been in business for a long time (more than 20 years) predict the future accurately 
compared to the fresh eyes of the new firms. 

7. Conclusions 

This paper made a significant contribution by addressing the recently explored issue 
of how COVID-19 has influenced companies, either by prompting them or at times, 
necessitating them to invest in technology and automation. This investment is aimed at 
adapting to future disruptions while enhancing business performance. Our analysis re-
vealed that the majority of the surveyed companies, even those minimally impacted by 
COVID-19, share the belief that technology and automation will become increasingly 
prevalent in the future. However, limitations of the study dictate cautious interpretation 
of the results since the data was collected in the middle of the crisis. Hence, there is a 
need for replication studies to test if such a trend is persisting and if there have been any 
structural changes post the crisis.   

The demand for productivity and creativity is part of the future plans of businesses 
in Kuwait, and capital-intensive ones seem to be leading the way toward building pro-
ductive human capital in Kuwait. The results regarding the impact of technology on em-
ployment are unique in GCC, including Kuwait as a case, due to Kuwait’s labor struc-
ture dichotomy of national and foreign labor. Hence, the treatment of such phenomena 
needs to be unique. The reliance on low-skilled labor seems to slow the adoption of 
new technologies in production and operations. Although there is awareness of the new 
technologies and their future such as that of AI, Kuwait businesses are still reluctant to 
invest and pursue such technological developments. The lack of skilled labor and the 
ability to attract talents is also a factor. 

A few managerial implications can be derived from this study. These include advanc-
ing the firms’ understanding of the anticipated role of technology and automation in the 
future for their business and how they can take advantage of such transformation. Firms 
in Kuwait should accelerate their investment in Industry 4.0 technologies such as AI 
and 3D printing to improve their resilience to crises. These technologies can enhance 
efficiency and reduce dependence on labor, making firms more adaptable to sudden 
disruptions such as the COVID-19 crisis, which has highlighted the vulnerability of 
developing countries, including Kuwait, in global supply chains. Hence, Kuwaiti firms 
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should consider diversifying their supply chains and reducing dependence on a single 
source, especially for critical inputs. This can mitigate the risk of future disruptions. An 
important practical implication is the need to invest in skill development and creating 
employment opportunities to contribute to job creation and enhance human capital. 
Given their resilience, large firms can play a crucial role in this. Finally, in the wake of 
COVID-19, firms should focus on building resilience regarding supply chains and tech-
nology adoption and financial stability, liquidity management, and crisis preparedness, 
such as introducing business contingency management systems. 

Despite rigorous inferential analysis and empirical findings of this study, some lim-
itations must be acknowledged. First, the empirical part only included Kuwait, and it 
would be ideal for matching the GCC analysis with cross-country surveys. Second, a 
more extensive survey sample could have increased the coverage of sub-sectors. Third-
ly, the study relied only on quantitative analysis; a complementary qualitative data ap-
proach could have highlighted additional business insights. 

This paper has opened the door for future studies. A qualitative study can be con-
ducted to dig deeper into how businesses consider risks and are able to develop strate-
gies to be ready for other future disturbances; for instance, whether COVID-19 encour-
aged firms to adopt business continuity management systems. Since this survey did not 
include start-ups, it will be interesting to see their views on this topic in future studies 
focusing on high-tech firms. Moreover, a dedicated study on AI potential and challeng-
es in Kuwait is recommended for future studies to examine Kuwait’s potential to catch 
up with the wave of development and not be left behind.     
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