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Abstract 

The COVID-19 pandemic brought CDTs to the forefront of business life. This study provides an 
important insight into a specific country's context, which has not been sufficiently investigated. 

This paper aims 1) to investigate how companies’ general characteristics impact the use of 

contactless digital technologies (CDTs) in Hungary; 2) to examine employees’ attitudes regarding 
the use of CDTs; and 3) to explore how firms have tried to enhance employees’ acceptance of 

CDTs. A computer-assisted data collection (CAPI) was carried out during the coronavirus 

(COVID-19) period. The online questionnaire was completed by employees of Hungarian 
companies. Descriptive statistics and relationship analyses (Cramer's V and Kendall's Tau) were 

used to analyse the collected data (𝑛 = 151). Results indicate that 1) the general characteristics of 
companies, such as their profile and size, have a significant impact on the use of CDTs; 2) the 

typical attitude of employees towards CDTs is rather positive; and 3) the acceptance of the use of 

CDTs can be supported by practical rather than theoretical solutions. The result can add value and 
stimulate new research related to the usage of CDTs, potentially serving as a useful benchmark for 

other countries. 
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1- Introduction 

Digital transformation has become an imperative for most organisations in our world of emergent and continuous 

change. This generates a disruptive effect with respect to traditional procedures in terms of the way products are 

produced and exchanged as well as how business is carried out [1]. Advances in digital technologies occur at breath-

taking speed, such as cloud-based applications [2], big data analytics [3], social media [4], artificial intelligence [5], 

machine learning, Internet of things [6], autonomous robots [7], 3D printing, virtual and augmented reality (VR & AR), 

and the platforms built with these technologies [8]. In this context, digitalisation refers to the adoption of digital 

technology for turning interactions, communications, business activities, and business models into (more) digital 

versions, interconnecting people, products, systems, and industries through real-time data exchange [9–11]. Thus, a 

digital company is an organisation that partially or fully manages significant business processes and relationships with 

its stakeholders (suppliers, customers, employees, and business partners) by digital means [12]. 

The global outbreak of the coronavirus pandemic (COVID-19) has led to an exponential boost in the growth and use 

of contactless digital technologies (CDTs) [13]. CDTs have been a powerful enabler for business continuity in the 

context of confinement. Most organisations have been forced to implement new ways of remote working using CDTs 

for communication and to completely rethink their business models to adapt to the realities of the COVID-19 
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environment [14]. For example, with the rise in teleworking, videoconferencing tools such as Apple’s FaceTime, 

Microsoft’s Skype, or Zoom, have experienced huge growth [15]. Flexible manufacturing systems have helped 

companies to quickly change their production processes and produce some of the tools urgently needed to treat patients 

in hospitals, for example, ventilators for patients and hand sanitisers for medical staff [13]. Ford has started to produce 

face shields using its 3D printing capabilities [16]. Finally, Amazon recently opened a convenience store with no human 

cashier in Seattle [17]. 

Recent studies have investigated the use of CDTs in many countries, such as South Korea and Japan [18], UK [19], 

US [20], Australia [21], China, and France [22, 23]. However, studies regarding Central European countries are missing. 

Central European countries such as the Czech Republic, Hungary, Poland, and Slovakia (hereafter, the CE4) play a key 

role in the European supply chain, especially in relation to Germany [24]. German firms shifted large parts of their 

production to these countries, thereby deepening economic integration within the region. The coronavirus (COVID-19) 

pandemic has profoundly disrupted supply chains throughout the world and in Europe as well [25–27]. The CE4 

companies also experienced heavy disruptions in nodes of their supply chains, especially in Hungary, where the rate of 

disruptions in supply chain nodes was extremely high (95.92%) compared to the other three countries [28]. While 

Hungary is among the most industrialised countries in Europe in terms of manufacturing output versus GDP, the country 

is below the European average in terms of using digital technologies and the degree of automation [29]. This paper 

therefore seeks to investigate the use of CDTs at company level in Hungary during the COVID-19 crisis. Current studies 

also show that these technologies are mainly used by large and manufacturing companies [30–32], but the COVID-19 

pandemic has accelerated the organisations' implementation of CDTs regardless of company characteristics. This raises 

the question as to whether organisational factors such as profile and size influence the use of CDTs. The answer to this 

question is important since organisations that include large companies and small-and medium-enterprises (SMEs) are 

considered the engine of economic growth in Hungary [33, 34]. 

In addition, recent studies highlight the importance of the human dimension to using digital technologies [35, 36] 

revealing that human resources are identified as one of the main barriers to implementing new digital technologies [37]. 

Organisations have had to adopt CDTs during the pandemic, thereby changing their traditional business models and 

moving to online services and products and have had to implement alternative workspaces to comply with social 

distancing requirements [38, 39]. The increased use of CDTs has caused several problems from a human perspective. 

Companies have been forced into rapid ‘big bang’ introduction of contactless technologies in an unprecedented and time 

pressured manner [14]. In many cases there has been little training on how the practices and associated technology 

should be introduced and integrated or adopted to suit the new workplace context. This can cause problem to employees, 

who may be afraid of not having the appropriate skills to use new CDTs [33]. In addition, the increasing use of new 

digital technologies will decrease the number of jobs [40, 41], which creates the fear of job loss [42, 43]. An important 

source of negative attitudes towards new digital technologies can be traced back to employees’ fear of losing their jobs 

because technology may replace human work [44]. Therefore, a lack of understanding of the new CDTs, and employees’ 

fear of losing their jobs can be critical factors affecting the successful implementation of CDTs. As employee attitudes 

play a key role in the implementation of CDTs, in this paper we explore the typical attitude of employees regarding their 

implementation. For practitioners and companies venturing into CDTs implementation, this study also provides a 

fundamental understanding and identifies factors that can enhance employees' acceptance in terms of using CDTs. For 

example, several studies have highlighted that one of the biggest challenges in using new digital technologies is the 

requirement to retrain employees to fit changed circumstances [45–47]. Exploring employees’ attitudes and factors 

enhancing employees' acceptance regarding CDTs are even more important given that CDTs are likely to continue to 

play an increasing role in the way that companies operate in a safer post-COVID-19 world [48]. 

Consequently, this study seeks to investigate the following research questions: 

RQ1. Is the use of CDTs influenced by general characteristics of the companies, such as their profile and size? 

RQ2. What is the typical attitude of employees regarding CDTs? 

RQ3. How can employees’ acceptance in terms of CDTs be enhanced? 

This paper contributes to CDT research in the following aspects. First, we investigate how companies’ general 

characteristics impact the use of CDTs in Hungary. Based on the DESI 2020 report (Digital Economy and Society 

Index), Hungary ranks 21st out of 28 EU Member States, lagging behind in the integration of digital technologies in 

businesses [49]. To improve the current situation, the Digital Workforce Programme including IT training supports 

companies to have digitally skilled workforces in Hungary [49]. Our paper discusses the use of CDTs and explores the 

current situation in Hungary. Relationship analyses are applied to address this topic. Second, we empirically examine 

employees’ attitude regarding the use of CDTs. Previous literature finds that workers are afraid of new digital 

technologies in the context of manufacturing industry [42, 44]. However, our paper finds that Hungarian employees’ 

attitude in that respect is positive. Third, the study explores how firms have tried to enhance employees’ acceptance of 

CDTs. This is highly relevant because CDTs will play an increasing role in companies’ operation after the COVID-19 

world [48]. 
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The following flowchart (Figure 1) summarises the process of the research. Section 1 listed the research questions 

(see above). Section 2 provides the theoretical background of the study. In Section 3, the research methodology of 

empirical data collection is outlined, and statistical analysis is introduced. This is followed by the empirical results in 

Section 4. We conclude the study in Section 5 by summarising key findings, practical implications, limitations of this 

study, and future research needs. 

 

Figure 1. Flowchart of the research methodology 

2- Theoretical Background 

2-1- Contactless Digital Technologies 

The new digital age is characterised by unstoppable change in the business environment. The “Contactless Economy” 

made the COVID-19 crisis different from previous ones, as this crisis was unprecedented and a “new normal” was being 

created. The most important factor differentiating this crisis is the rise of the contactless economy [50]. With the 

appearance of COVID-19, the contactless economy has been driven by the rise of the contactless (touchless/ 

remote/untact) digital technologies, which have become the new normal. The necessity for innovations and entirely new 

technologies has increasingly demanded more collaboration between humans and technologies [51]. These technologies 

play a central role in organisational innovation [52, 53] and enhance the dynamic capabilities of organisations, affording 

them the agility, flexibility, and adaptability required to align corporate strategies to changes in the environment [17]. 

Organisations are already adopting new concepts using CDTs, both to promote their businesses and grapple with 

pandemic-induced impacts [51]. 

Many studies have been conducted on digital technologies in the last decade. However, most of the research has been 

in fields related to large companies of manufacturing industry [30–32], and few have been in SMEs or in the service 

sector [54–57]. Huge opportunities lie in better flexibility and scalability of manufacturing systems through digital 

technologies and industrial automation [58]. By adopting digital technologies, manufacturing businesses create 

connections between their machinery, supply chain systems, and production facilities [30]. Advanced digital 

technologies allow manufacturing companies to reduce production, logistical and quality management costs [31], as 

well as to increase productivity, improve product development, achieve faster time-to-market, add value to products, 

and enhance customer focus [32]. 

In this paper, we investigate the usage of the following CDTs: Enterprise Resource Planning (ERP) system, social 

media, cloud-based collaborative technologies, flexible manufacturing systems/production planning and scheduling, 

autonomous robots, big data, and data mining. 

2-1-1- ERP System 

ERP is a comprehensive integrated system that governs all aspects of a business and provides remote automation and 

integration for core business processes such as taking customer orders, planning operations, and maintaining inventory 

records and commercial data. ERP may be hosted on a server outside the country and the services made available most 

of the time through the network as a contactless technology [59]. In most cases, the ERP system is used by large 

manufacturing companies, but nowadays it is extended to other sectors too [60]. 

2-1-2- Social Media 

Social media equips organisations with powerful tools that are changing the means of communicating and 

collaborating. The rapid spread of social media can be characterised by three factors namely, interactivity, speed, and 
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cost-effectiveness [61, 62]. In a contactless environment, since transactions do not require human interaction, value is 

created using digital technologies [63]. Social media is adopted by both large companies and SMEs; however, large 

firms can readily use social media and develop competences more rapidly on account of their superior resources, which 

place them ahead of social network curve compared to smaller firms [61, 64]. Social media offers powerful channels for 

collaboration and contactless digital cooperation with clients, suppliers, and partners [65, 66]. 

In the EU, seventy-five percent of large organisations used social media as a part of their operations in 2019, to 

support image building and product marketing, as well as to build and maintain customer relationships [67]. The main 

purposes of using social media tools were communicating directly with clients (57.8%), and sharing marketing messages 

(53.4%) [68]. In Hungary there are 8.01 million internet users and 7.09 million social media users (the total population 

is 9.65 million), which means that more than 70% of the population use social media [69]. The most popular social 

media platforms, which are based on the number of people that marketers can reach using adverts are Facebook (6 

million), Messenger (5.1 million) and Instagram (2.5 million) [69]. 

2-1-3- Cloud-Based Collaborative Technologies 

These tools and systems are designed to better facilitate group work remotely. Collaborative tools use the Internet 

and central remote servers to maintain shared documents, files, software and applications through a cloud-based service 

that computers or mobile devices can access on demand. These technologies trim the costs and time associated with 

facilitating group work, in areas ranging from designating roles and responsibilities to routing in-situ documents to 

checking and approving project parts [70]. In recent days, virtual collaborative technologies have received increased 

attention from manufacturing industries. Collaborative infrastructure facilitates an effective integration of internal and 

external manufacturing resources, and supports business collaboration, where clients and providers are interfaced with 

each other virtually [71]. 

2-1-4- Flexible Manufacturing Systems/Production Planning and Scheduling 

Flexibility of manufacturing systems has become an important issue which has led to the development of flexible 

manufacturing systems (FMS). This unique production system encapsulates various components such as computer 

programmed machine tools, automated material handling systems and robots [72]. FMS is a highly automated 

technology machine cell consisting of a group of processing workstations interconnected by an automated material 

handling and storage system and controlled by a distributed computer system [73]. Remote controlling and monitoring 

of the manufacturing through the automated systems negates the necessity of human presence [40]. FMS has supported 

organisations to quickly change their production processes and produce some of the tools that suddenly became an 

urgent requirement when COVID-19 appeared [13]. 

2-1-5- Autonomous Robots 

An intelligent, autonomous robot is a machine directed to obtain information from its environment and apply the 

knowledge about its word to remote safely in a purposeful and significant manner [74]. Industrial robots are becoming 

more autonomous and cooperative, interacting with one another to improve productivity and product quality. These 

autonomous systems play an essential role in the successful digital transformation of manufacturing [75]. In production, 

autonomous robots are required for repetitive operations of high volume, where a robot has unrivalled advantages in 

terms of its speed, precision, and durability. Meanwhile, robots used to assist humans with more complicated activities 

afford further industrial automation solutions, allowing humans to concentrate on creativity, productivity, and other 

dynamic processes [76]. Moreover, as compared with a human workforce, autonomous robots have obvious advantages 

such as intrinsic immunity to the COVID-19 virus and the impossibility of a human-robot-human spread of any disease-

causing pathogens, though there are still many technical hurdles for the robotics industry to overcome [40]. 

2-1-6- Big Data and Data Mining 

The increased use of digital technologies comes from the growing amount of digital data. Big volumes of data 

processing and storage require infrastructure and resources. These volumes of data are called "Big Data" [77]. The 4V 

(Volume, Variety, Velocity, and Value) definition is recognised because it highlights the meaning and necessity of big 

data [78]. Data mining is the process of finding patterns and correlations within big data sets to predict outcomes [79]. 

Big Data gives, both SMEs and large companies, the inestimable opportunity to perform novel, dynamic and scalable 

data analysis more quickly than before [54]. However, their results showed that handling and enhancing Big Data is 

particularly relevant for large companies, as they are more affected by a huge growth of data. Big Data is stored in local 

servers if instant access is required, while confidential data can be stored in secured private cloud databases. The data 

can be retrieved or accessed from remote locations by authorised users leveraging the appropriate remote connection 

frameworks [51]. 

H1. The use of CDTs is significantly influenced by the general characteristics of the companies, such as the profile 

and the size. 
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2-2- Human Perspective 

Digital transformation is associated with a high level of uncertainty, involves risks, and can lead to negative human 

reactions [80]. There are growing fears that automation will start displacing jobs at a very fast rate and leave less room 

for human work [44]. For now, though, automation is determining only a typical structural change and digital 

technologies will not have a deep impact on employment [81]. As manufacturing has moved from manual processes to 

automation, this will be followed by low-skilled jobs becoming redundant [82]. Hence, total automation is unbelievable, 

as digital technologies cannot completely replace human abilities. Human factors will still play a crucial role [83, 84]. 

Digital transformation increases the possibility for processes to be controlled remotely, using CDTs, thus allowing 

continuous adjustment of production and consumption cycles. These technologies provide a communication flow at all 

stages of the business process. The advent of digital technologies will decrease the number of jobs in assembling lines 

and productions [41], and in the meantime will increase the demand for high-skilled workers [85]. In dealing with human 

capital restructuring [86], all companies should retrain and upskill their workers to enhance their readiness to combat 

increases in unemployment and shortages of talent [87]. 

Companies have tried to implement digital technologies, but their workers often have refused to collaborate [29]. 

The resistance mostly originated from unskilled and low-skilled workers with routine jobs [43], who may have felt the 

fear of job loss most acutely [42, 43]. In many cases the lack of understanding of the digital technologies, and the 

employees’ fear of the unknown are obvious. Employees are frightened of losing their jobs because of increasing 

digitalisation, and afraid of not having the appropriate skills to handle new technologies [33]. During the COVID-19 

pandemic, individuals were willing to consider social innovations they would not have accepted under normal 

circumstances. The control of travelling and the replacement of humans by artificial intelligence and robots, ideas which 

were quite unpopular before the crisis, are now considered effective solutions [13]. COVID-19 prompted workers to 

change their work practises rapidly and to conduct meetings remotely. The pandemic has therefore brought CDTs to the 

forefront of human life [48]. 

H2. Employees are afraid of using CDTs. 

3- Methodology 

The aims of the research are to investigate how companies’ general characteristics impact the use of CDTs in 

Hungary; to examine the employees’ attitude regarding the use of CDTs; and to explore how firms have tried to enhance 

employees’ acceptance of CDTs. 

3-1- Data Collection 

During the data collection process, a pilot questionnaire was compiled, which was tested by companies’ employees 

who had the opportunity to give feedback about the comprehensibility of the content. Based on the feedback, the 

questionnaire was finalised and sent out to approximately 1,000 Hungarian companies by the snowball sampling method. 

Computer-assisted data collection (CAPI) resulted in 151 evaluably completed questionnaires. The questionnaires were 

collected via the online LimeSurvey system. The study was conducted in 2021 from February 1 to June 30. Appendix I 

contains the complete questionnaire. All the main questions related to CDTs: how often they were used, the typical 

attitudes of employees of the implementation of CDTs, and the methods that can be used to bring workers closer to the 

adoption and application of CDTs. Three additional questions were included in the questionnaire about the general 

characteristics of the company: its profile (manufacturing or service provider), the number of employees (10 or less, 11-

50, 51-250, more than 250) and the annual net sales in EUR million (2 or less, 2-10, 10-50, more than 50). Each question 

was closed and only one of the possible answers could be marked. 

3-2- Sample 

As a first step, the general characteristics of the sampled companies are described. Regarding the profile of the 

companies (B1), 56% of the sample are service providers and 44% are manufacturers. In terms of ownership, 68% are 

nationally owned, 29% are foreign subsidiaries, and 3% are jointly owned. The 3 industries from which most fills came 

are the following: 21% from the manufacturing industry, 11% from building industry and 11% from other services. The 

sample consisted mostly of small enterprises (employing 50 or less people) and medium-sized (employing 51-250 

people), the least represented of large companies (see Figure 2). This reflects the entire Hungarian corporate sector in 

view of the predominance of small and medium-sized companies. 
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Figure 2. Number of employees (B2, n=151) 

Figure 3 describes that the annual net sales are in the smallest category (maximum 2 million EUR) for the most part 

of the sample. This is not surprising, as Figure 2 shows that the sample typically included SMEs (companies with up to 

250 employees). 

 

Figure 3. Annual net sales in EUR million (B3, n=151) 

3-3- Analysis 

The analysis is based on a quantitative methodology namely descriptive statistics and relationship analyses were 

applied. In the context of descriptive statistics, the distribution of answers for each question is illustrated in a diagram. 

Regarding relationship analyses Figure 4 shows the research model that categorises the questions of the survey into two 

groups: dependent (A) and independent (B) variables. 

 
Note(s): Italic fonts indicate variables that can be measured at only a nominal level.  

The measurement level of other variables is ordinal. 

B. Independent Indicators:  
General characteristics of the 

company 3 questions 

A. Dependent Indicators: 
Implementation of CDTs 19 questions 

  ? A2.-3. To what extent do you agree with the following 

statements?  

(Likert scale of 1 to 6, where 1: not at all, 6: completely). 

 

A1.1-A1.6. The frequency of the use of CDTs: ERP systems, 

collaborative technologies, social media, big data and data 

mining, autonomous robots, production planning and 

scheduling software (1: never, 2: less often than monthly, 3: 

monthly, 4: weekly, 5 daily). 

 B2. Number of employees  

(1:10 or less,  

2: 11-50,  

3: 51-250,  

4: more than 250) 

 

B3. Annual net sales in 

EUR million  

(1: 2 or less,  

2: 2-10,  

3: 10-50,  

4: more than 50) 

A3.1-A3.5. Solutions of enhancing the acceptance of the 

use of CDTs 

A2.1-A2.8. The typical attitude of employees regarding 

to the implementation of CDTs 

B1. Profile   

(1: manufacturing,  

2: service provider) 

 

Figure 4. Research model 
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All variables can be measured on an ordinal scale, except the profile of the company (B1), which is nominal only. 57 

relationships can be examined between the 19 dependent and 3 independent variables (3 ∙ 19 = 57). Their measurement 

scale determines the type of coefficient to be calculated for the relationship test. The effect of company profile (B1) on 

the implementation of new technologies (A) is interpreted as an association relationship and is quantified by Cramer’s 

V coefficient (V), which can take on a value in the interval [0, 1]. The effect of the number of employees (B2) or annual 

net sales (B3) on the implementation of new technologies (A) can be interpreted as rank correlations. Kendall’s Tau (τ) 

is suitable for exploring these relationships which vary in the interval [-1, 1]. The results were defined at a significance 

level of 5%. If the p-value of V or τ is less than 0.05, the relationship can be considered significant between the two 

variables. The absolute value of significant results indicates the strength of the relationship [88]: 

 0: there is no relationship 

 [0, 0.2[: weak relationship 

 [0.2, 0.7[: moderate relationship 

 [0.7 1[: strong relationship 

 1: deterministic relationship 

Since τ can take both positive and negative values, the sign of it can also be interpreted, which gives the direction of 

the relationship. Negative (positive) τ means that the higher the rank of one variable, the lower (higher) the rank of the 

other variable is expected to be. 

4- Results 

Figure 5 illustrates the frequency of application of six CDTs. Most companies use ERP system, social media, cloud-

based collaborative technologies daily. This is not surprising, given that ERP is the most widely used technology, and 

social media and cloud-based collaborative technologies are the most used CDTs by individuals, who made even greater 

use of them during COVID-19. 

 

Figure 5. The frequency of the use of CDTs (A1, n=151) 

If we distinguish the responses in Figure 5 by whether the company uses the CDT with any frequency (response 

codes 2-5) or has never used them (response code 1), it can be concluded that social media (A1.3) are used by most 

respondents, and the flexible manufacturing systems/production planning and scheduling (A1.6) have never been used 

by the majority. 

Figure 6 describes the typical attitude of employees when introducing new technology. They are waiting for the 

implementation of new technologies typically with interest. In Figure 6, distinguishing the answers in such a way that 

respondents tend to agree with it (4-6 coded answers) or not (1-3 coded answers), it can be concluded that most 

employees have a positive attitude regarding to the implementation of CDTs. They welcome these changes (A2.1) or at 

least await them with interest (A2.2), and do not reject (A2.8) or ignore them (A2.7). In addition, the fears of 

implementing CDTs are also clearly visible in Figure 6. Among the fears, employees are most afraid of the possibility 

of a failure (A2.4) and being controlled (A2.5), and they are less afraid of losing their job (A2.6). The reason for these 

findings may be that during COVID-19 employees were not taught how to use these technologies; working 

independently from home may also have caused some to fear being controlled more strictly. 
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Figure 6. The typical attitude of employees regarding to the implementation of CDTs (A2, n=141-150) 

Figure 7 illustrates that the workers typically can be brought closer to the use of CDTs most with practical training 

(A3.4), however, least with as part of a presentation on CDTs (A3.2). 

 

Figure 7. Solutions of enhancing the acceptance of the use of CDTs (A3, n=147) 

Separating the responses in Figure 7 by agreeing more (4-6 coded answers) or not (1-3 coded answers), the results 

show that the majority tend to agree that any of the 5 techniques listed can bring workers closer to implementing CDTs, 

the most popular options being testing in practice (A3.3), and practical training (A3.4). However, COVID-19 made this 

difficult to achieve, due to the decrease in physical contact. Theoretical methods were thought to be the least effective, 

such as presentation on CDTs (A3.2) information on the relevance of using CDTs (A3.1) and individual meeting (A3.5). 

In the second step, the results of the relationship tests are presented, which are summarised in Table 1. Based on the 

results, the companies’ profile can be analysed to see whether it influences the implementation and use of CDTs. 

According to the results of Cramer’s V, a statistically significant, moderate relationship was identified between the 

profile (B1) and the following variables: the frequency of use of CDTs (A1), workers’ fear of being controlled (A2.5) 

and loss of job (A2.6), bringing employees closer to the use of CDTs with individual meeting (A3.5). Comparing the 

service and manufacturing sectors, we can conclude that there is a higher proportion of companies within the 

manufacturing sector that: 

 Use the listed CDTs (A1) at any frequency (all answers but 1, which means never). 

 Employees are more afraid of CDTs (answers with 4-6 codes) because they fear being controlled (A2.5) or the 

loss of their job (A2.6). 

 Rather agree (answers with 4-6 codes) that workers can be brought closer to the use of CDTs with individual 

meetings (A3.5). 

According to Kendall’s Tau coefficients (the last two columns), several statistically significant, weak, or moderate 

positive relationships were identified between independent variables and company size (number of employees (B2) and 

sales (B3)). The more employees a company has and the higher its sales, the more often they use the listed CDTs (A1). 

The only weak, rather than moderate relationship can be noticed for social media. It means that firms with different 
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number of employees and sales use social media with similar frequency. The strongest relationships are experienced 

between variables such as using ERP systems (A1.1) and company size. This may be due to the facts that 1) ERP systems 

have been used for the longest time in organisations and 2) in large companies, the ERP system is an important condition 

for efficient operation [60]. 

Table 1. The results of the relationship analysis 

 

B. Independent variables 

B1. B2. B3. 

Profile Employees Sales 

V* τ** τ** 

A
. 

D
ep

en
d
en

t 
v

ar
ia

b
le

s 

A1. 

The frequency of the use of CDTs  

(1: never, 2: less often than monthly, 3: 

monthly, 4: weekly, 5: daily) 

ERP systems A1.1. 0.372 0.440 0.442 

Cloud-based collaborative technologies A1.2. 0.344 0.309 0.242 

Social media A1.3. 0.274 0.192 0.144 

Big data and data mining A1.4. 0.275 0.278 0.286 

Autonomous robots A1.5. 0.564 0.437 0.383 

Flexible manufacturing systems /  

production planning and scheduling 
A1.6. 0.569 0.298 0.325 

A2-3. 

To what extent do you 

agree with the 

following statements? 

(Likert scale of 1 to 6, 

where  

1: not at all,  

6: completely) 

A2. 

The typical 

attitude of 

employees 

regarding to the 

introduction of CDTs 

Welcome A2.1.    

Wait with interest A2.2.    

Treat with reservations A2.3.  0.268 0.199 

Afraid of the possibility of a failure A2.4.  0.222 0.189 

Afraid of being controlled A2.5. 0.282 0.196  

Afraid of loss of job A2.6. 0.280 0.243 0.207 

Ignore A2.7.    

Reject A2.8.    

A3. 

Solutions of enhancing 

the acceptance of the 

use of CDTs 

Information on the relevance of using CDTs A3.1.  0.176 0.212 

Presentation on CDTs A3.2.    

Test in practice A3.3.    

Practical training A3.4.  0.145 0.141 

Individual meeting A3.5. 0.324   

*V: Cramer’s V, **τ: Kendall’s Tau;  Colour Key: the strength of the significant results is weaker  stronger 

In addition, as Figure 6 shows, most employees have a positive attitude regarding the implementation of CDTs. In 

case of variables that show a positive attitude such as wait with interest (A2.2), welcome (A2.1), not reject (A2.8), and 

not ignore (A2.7) we could not find any significant relationship with company size. However, in case of variables that 

show a negative attitude such as treat with reservation (A2.3), afraid of the possibility of a failure caused by CDTs 

(A2.4), afraid of being controlled (A2.5), and afraid of loss of job (A2.6) we found a significant relationship with 

company size. This means that the smaller (larger) the company is, the lower (higher) the fear of their employees. In 

larger companies, the employees appear to be less cared about and they were more afraid of all the factors such as 

making failures, being controlled, and losing their job. In smaller companies, the culture was more cohesive, and the 

company could pay more attention to the employees; consequently, the employees were more loyal. 

Moreover, regarding efforts to enhance the acceptance of the use of CDTs, our results show a positive significant 

relationship with company size. The larger the company is, the more their employees think practical training (A3.4) and 

information on the relevance of using CDTs (A3.1) are important. However, we could not find any significant 

relationship in the case of a presentation on CDTs (A3.2) and testing in practice (A3.3). The distribution of responses 

was similar for manufacturing and service companies on the 1-6 scale, and there was no significant difference between 

companies' responses when the number of employees and sales categories were taken into account. 

5- Conclusions 

5-1- Key Findings 

The goal of this study was to investigate how companies’ general characteristics impact the use of CDTs in Hungary; 

to examine the employees’ attitudes regarding the use of CDTs; and to explore the firm’s solutions to enhance 

employees’ acceptance in terms of the usage of CDTs. Regarding the first research question (RQ1), we hypothesised 

that the use of CDTs is significantly influenced by the general characteristics of the companies, such as their profile and 
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size (H1). This hypothesis is accepted based on the results of relationship analyses (see Table 1), and the following 

statement can be formulated. The more the profile is geared towards manufacturing and the larger the company is, the 

greater the use of CDTs. Along similar lines to Ardito et al. [30], Rojko [31], and Savastano et al. [32], our empirical 

research results show that CDTs are used more often by large manufacturing companies. Other previous studies, such 

as Galati et al. and Pekkala and van Zoonen, indicated in parallel that most organisations use social media as a part of 

their operations [61, 67]. Our findings are also consistent with the Shamsuzzoha et al. empirical survey [71], as 

collaborative technologies are adopted by the manufacturing industry, which was the second most used CDT. The 

findings also agree with the results of Salih and Abdulrazaq regarding the large extent of use of ERP systems in the 

manufacturing sector, as it is the third most popular technology [60]. 

The second research question (RQ2) concerned the typical attitude of employees regarding CDTs. We hypothesised 

that employees are afraid of using CDTs (H2). This hypothesis is rejected by our research results. The typical attitude 

of employees towards CDTs is more positive than negative. The smaller the company is, the lower the fear of its 

employees. In terms of their attitude, most employees are not afraid of losing their job due to the increasing use of digital 

technologies, a discovery which contradicts the findings of Horváth and Szabó [33], Kinzel [42], and Sciutti et al. [43]. 

The third research question (RQ3) relates to the solution of enhancing the acceptance of the use of CDTs. Our results 

have shown that the acceptance of CDTs can be supported by practical rather than theoretical solutions. Along similar 

lines to the verdict of Molino et al. [89], we found that opportunities for information, practical training, and testing in 

practice can lead to greater technology acceptance. In addition, the larger the company is, the more their employees tend 

to expect practical training and information on the relevance of using CDTs. 

5-2- Practical Implications 

Our findings have a useful practical implication for the companies using CDTs. The advent of CDTs, investigated in 

this paper, is changing the nature of work and the future of employment and the job market. The recent COVID-19 

pandemic has accelerated the use of CDTs and put the emphasis on the skills and attitudes of workers. The use of CDTs 

changed the types of competencies needed in the workplace and demanded a shift in mindset among workers. Our 

research results show that employees are willing to get information on the relevance of using CDTs and need practical 

training and testing on digital technologies in practice. Moreover, as most of the respondents welcome these changes or 

at least await their implementation with interest, and they neither reject nor ignore them, companies may now adopt 

CDTs if they have the financial background. 

The European Commission monitors EU Member States’ digital progress through the Digital Economy and Society 

Index (DESI) [49]. In the DESI 2020 report, Hungary ranks 21st out of 28 EU Member States. According to the data, 

Hungary lags behind other countries in terms of the integration of digital technologies into businesses. Most Hungarian 

companies do not exploit the opportunities provided by digital technologies, such as cloud computing and big data. The 

use of ERP systems is the lowest in the EU. Unexpectedly, it does not match the findings of our results. On digital 

technologies, only 6% of companies rely on big data solutions and 11% use cloud computing. Most businesses, 

especially SMEs, still do not take advantage of digital technologies. Where human capital is concerned, over half of the 

population lacks basic digital skills and software skills. The COVID-19 pandemic affects companies and employees’ 

attitudes. The use of CDTs encourages workers to be much more independent. It can shorten the time of problem solving 

and learning with practical (online) training. One of the most important elements in digital transformation is the role of 

training employees and providing ongoing professional support to them. In Hungary, the Digital Workforce Programme 

includes different training programmes, such as general IT training, on-the-job training, and specific training for career 

changers, which can support companies to have digitally skilled workforces [49]. 

Based on our research findings, we wish to highlight two of the studied CDTs in particular: cloud-based collaborative 

technologies and social media. Cloud-based collaborative technologies are designed to facilitate group work remotely, 

and in the meantime, reduce costs and time. Social media tools could bring information sharing, communication, and 

marketing to a new level. It offers a great opportunity for high exposure at a low cost and the possibility for interactive 

communication. These findings also agree with the results obtained by Criado et al. regarding the use of collaborative 

technologies and social media, as these technologies had a significant role during the COVID-19 pandemic [90]. 

5-3- Limitation and Future Studies 

Despite these contributions, the current study has certain limitations that offer opportunities for further research. First, 

the study’s results were based on a sample drawn from Hungary. For further research, since the topic is relevant and 

under-researched, other countries should be analysed. Thus, the conclusions of this paper can be testified by samples in 

different countries' contexts and can be compared and extended. This would provide further validity to our study. 

Second, given the quantitative nature of the research, further qualitative research may be needed to produce more 

nuanced insights. A case study method, for example, would make it possible to investigate the phenomenon of interest 
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within its broad context [91]. A case study is suitable for exploring corporate best practices, especially where they 

concern workers’ skills and attitudes, and their practical training related to CDTs. Third, this study investigated the 

relationship between the usage of CDTs and organisational general characteristics and human attitudes during the 

COVID-19 pandemic. A longitudinal study would further develop our understanding of how the role of CDTs changed 

after the COVID-19 period. 

Despite these limitations, this study advances our knowledge of understanding the relationship between the use of 

CDTs and general company characteristics. Besides, as an important socio-technical phenomenon, we investigated the 

attitude of employees regarding the implementation of CDTs and explored the solutions that can lead to greater 

technology acceptance. 
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Appendix I: Questionnaire 

Companies’ contactless digital technologies research 

The survey aims to investigate how companies use contactless digital technologies (CDTs); to examine the employees’ 

attitude regarding the use of CDTs and to explore companies' solutions on enhancing employees’ acceptance in terms 

of the usage of CDTs. The research is supported by the TKP2020-NKA-10 project financed under the 2020-4.1.1-

TKP2020 Thematic Excellence Programme by the National Research, Development and Innovation Fund of Hungary.  

The survey should only take 5 minutes, and your responses are completely anonymous.  

You can only take the survey once, but you can edit your responses until the survey is closed on June 30, 2021. 

We really appreciate your input! 

Implementation of new technologies 

A1. How often are the following contactless digital technologies (CDTs) used within the organization? Please mark one 

in each row. 

 
 1: 

never 

2: 

less often than monthly 

3: 

monthly 

4: 

weekly 

5: 

daily 

A1.1. ERP systems ⚪ ⚪ ⚪ ⚪ ⚪ 

A1.2. cloud-based collaborative technologies ⚪ ⚪ ⚪ ⚪ ⚪ 

A1.3. social media ⚪ ⚪ ⚪ ⚪ ⚪ 

A1.4. big data and data mining ⚪ ⚪ ⚪ ⚪ ⚪ 

A1.5. autonomous robots ⚪ ⚪ ⚪ ⚪ ⚪ 

A1.6. flexible manufacturing systems / production planning and scheduling software ⚪ ⚪ ⚪ ⚪ ⚪ 

A2. To what extent do you agree that the following attitudes of employees are typical of the implementation of CDT? 

Please mark one in each row. 

 
 1: 

strongly disagree 

2: 

disagree 

3: 

slightly disagree 

4: 

slightly agree 

5: 

agree 

6: 

strongly agree 

A2.1. Welcome ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A2.2. Wait with interest ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A2.3. Treat with reservations ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A2.4. Afraid of the possibility of a failure ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A2.5. Afraid of being controlled ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A2.6. Afraid of loss of job ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A2.7. Ignore ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A2.8. Reject ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A3. To what extent do you agree that the following methods can be used to bring workers closer to the adoption and 

application of contactless digital technologies (CDTs)? 

 
 1: 

strongly disagree 

2: 

disagree 

3: 

slightly disagree 

4: 

slightly agree 

5: 

agree 

6: 

strongly agree 

A3.1. Information on the relevance of using CDTs ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A3.2. Presentation on CDTs ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A3.3. Test in practice ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A3.4. Practical training ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 

A3.5. Individual meeting ⚪ ⚪ ⚪ ⚪ ⚪ ⚪ 
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General Characteristics of the Company 

Please provide the following information about the company you work for! Mark one for each question! 

B1. Profile  

⚪ 1: manufacturing 

⚪ 2: service provider 

 

B2. Number of employees 

⚪ 1:10 or less 

⚪ 2: 11-50 

⚪ 3: 51-250 

⚪ 4: more than 250 

 

B3. Annual net sales in EUR million 

⚪ 1: 2 or less 

⚪ 2: 2-10 

⚪ 3: 10-50  

⚪ 4: more than 50 




