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Summary 
 

The goal of this research was to check what the influence of ICT investments would be on 

labor productivity and to check how this relationship would be influenced by training and 

development practices. This in order to contribute to the already existing debate within the 

literature about the proposed relationship between the variables. Within the literature, some 

researchers say that there is no relationship between investing in ICT and labor productivity 

and some who do say this relationship exists. To test this a quantitative analysis was 

conducted, based on data from the EMS (2018). The contribution of this research is twofold. 

First, no significant effect was found between ICT investments and labor productivity, 

indicating that investing in ICT will not lead to an increase in labor productivity. Second, no 

significant effect was found on training and development practices on the relation between 

ICT investments and labor productivity. This indicates that training and development 

practices in combination with ICT investments do not result in higher labor productivity. An 

additional analysis showed that organizational innovation did result in a significant effect on 

labor productivity, and therefore, by implementing organizational innovation labor 

productivity will increase. 

 

Key words: Labor productivity, ICT investments, Training and development practices, 

Organizational innovation.   
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Chapter 1 – Introduction 
 

ICT investments are globally considered as being a huge driver for reducing costs, enhancing 

productivity, and improving living standards. Furthermore, it is a key driver for economic 

growth in industrial societies. Despite this, during the 1970s the growth of productivity in most 

economies slowed down. Meanwhile, the investments and expenses within the field of ICT 

increased. This phenomenon where productivity growth stagnated, despite the increase in ICT, 

investments is known as the “IT productivity paradox” (Hajli, Sims Julian, & Ibragimov, 2015). 

According to Hajli et al. (2015), an end to this paradox is most likely due to rapid IT industry 

growth in the run up to the year 2000. The rapid growth of the IT industry can be explained by 

the increasing development of innovation and communication technologies (ICT), as well as 

the declining prices for its use, which have considerably enhanced the diffusion of ICT during 

the last few years (Bertschek & Kaiser, 2004). However, it has also been stated that ICT 

investments may lead to increases in product quality or variety which tend to be overlooked 

(Brynjolfsson & Hitt, 1996). 

 Inklaar (2019a) found that after the year 2005 the productivity growth was lower than 

the years prior. Together with growth account numbers from the CBS, Inklaar (2019a) showed 

the productivity growth in the Dutch commercial sector for the 1995-2015 period. Here, those 

companies that extensively invested in ICT showed a growth of 1,8% in the period 1995-2005. 

In the next ten-year period 2005-2015, this growth dropped to 0,5%, which indicates a 

difference of 1,3%. He gives two reasons for this drop in productivity growth. First, new 

technology makes it harder to adequately measure productivity. Inklaar (2019b) argues that 

these new technologies have implications that are not fully understood yet and therefore, make 

it harder to measure adequately. Second, current technology makes it harder for organizations 

to learn from each other (Inklaar, 2019a). Where a computer is the same for every business, 

investments in an organization model are harder to grasp. Therefore, they are also harder for 

other businesses to copy from each other. This means that most companies’ intangible 

complementary investments do not yield the desired results (Inklaar, 2019a). 

The stagnating productivity growth was also found in a study done by the McKinsley 

Global Institute (MGI) on labor productivity in the US. This study showed that labor 

productivity grew by 2,5% annually between 1995-1999. In contrast, from 1972-1995 this 

percentage was 1,4%, which shows that productivity grew by 1,1% harder after 1995 than 

before. However, neither the internet nor a new-economy technology was responsible for the 

growing productivity. Instead, product, service, and process innovations were the reason behind 



 6 

this growth. Their study also showed that many industries heavily invested in IT and this didn’t 

result in higher productivity growth (Lewis, 2002). Another researcher that found that ICT 

investments on their own do not increase labor productivity is Drucker (1991). He argues that 

technology on its own does not generate higher productivity. To put it in his words “whether 

tools help productivity or harm it depends on what people do with them” (Drucker, 1991, p. 

71). Drucker noticed that the so-called knowledge workers needed to work with the new 

technology effectively, now account for only one-fifth of the workforce, where 30 years ago 

they were a majority. The only way to increase productivity is to work smarter, without working 

harder or longer (Drucker, 1991). He argues that new technology has become more complex 

and has a bigger variety, that those who need to work with the technology are not skilled enough 

to do so.  

Although these new technologies have altered the nature of work, it is still dependent 

on the input and actions of humans, as mentioned by Drucker (1991). Human-originated 

initiatives remain a vital part of flexible and complex production lines that are not fully 

automated in the workplace. Therefore, human resources cannot be seen completely free from 

the impact of ICT investment on labor productivity. This also accounts for HR professionals 

and other stakeholders, who are in charge of critical leadership roles (Chuang & Graham, 2020). 

Furthermore, Bourke and Crowley (2015) found that productivity gains from adopting HRM 

practices are higher if supported by investments in ICT. Bourke and Crowley (2015) 

hypothesize that ICT and HRM are complementary inputs when it comes to innovation. Where 

they do not link it to labor productivity, they do link it to firm productivity and innovation and 

find that linking HRM and ICT together yields higher productivity gains. Here Bourke and 

Crowley (2015) show the positive effect of HRM together with ICT on productivity, where they 

do not specifically link it to labor productivity, it does indicate the positive effect of combined 

HRM and ICT. Where Bourke and Crowley (2015) link HRM practices to gains in productivity, 

supported by ICT investments in this present report, conceptually speaking HRM practices 

supports the relationship between ICT investments and labor productivity.  

Concluding, this indicates that ICT investments can have an influence on labor 

productivity and that this relation may be influenced by appropriate human resource 

management practices. 

The topic of ICT investments and their influence on labor productivity has been chosen 

because it is happening as we speak. Therefore, it is relevant today, tomorrow, next week, and 

so on. The ability of the findings of this research to contribute to a solution that could help 

overcome the “IT productivity paradox” is motivating. 



 7 

Labor productivity was found to increase living standards and productivity growth is 

the best way to reduce poverty rates, increase leisure quality, and ability of a country to finance 

its education system, health care, environmental safety, and art (Blinder & Baumol, 1993; 

Krugman, 1994). Therefore, the effect of ICT investments on the stagnation of the labor 

productivity growth is important, because increasing the labor productivity will be beneficial 

at the individual, firm, and national level. There has yet to be found a solution to the stagnating 

of labor productivity growth, where investing in ICT, and simultaneously considering the use 

of HRM practices, could offer a solution (Chuang & Graham, 2020). Therefore, by delving 

deeper, the results from this research could help organizations in dealing with their stagnating 

labor productivity growth by investing in ICT together with HRM practices.  

The problem started with the stagnation of labor productivity growth from the 1970s. 

Next to this, the expenditures in the ICT field kept increasing in the hopes of overcoming this 

stagnation creating the “IT productivity paradox” (Hajli et al., 2015). Within the existing 

scientific knowledge, multiple researchers have found conflicting results. Where some state 

that ICT investments do increase labor productivity (Hajli et al., 2015), some state that ICT 

investments do not increase labor productivity (Inklaar, 2019a; Lewis, 2002). This paper aims 

to delve deeper into the effect of ICT investments on labor productivity, by including the 

influence of HRM practices on this relation. Therefore, this research adds to this gap in the 

existing knowledge by including the role of HRM practices within the relationship between 

ICT investments and labor productivity.  

The goal of this research is to gain insight into what way ICT investments could be 

supported in order to give a new impulse to labor productivity growth. Therefore, the 

contribution of this paper to the existing literature is twofold. First, by showing how ICT 

investments could be used to overcome stagnating labor productivity growth. Second, to 

discover how this relation is influenced by HRM practices.  This leads to the following research 

question of this thesis “To what extent does investing in ICT influence labor productivity in 

Dutch manufacturing firms, and how is this relationship influenced by HRM practices?” Based 

on the results of this paper, organizations could make better choices whether they want to invest 

in ICT and whether they should simultaneously invest in HRM practices to improve their labor 

productivity. For this research, the data from the European Manufacturing Survey 2018 (EMS, 

2018) will be used. 

In the 1980s Volkswagen promised a fully automated factory, which they named “Halle 

54”. The new factory was considered an advanced computer-integrated manufacturing concept. 

Like today it was promised that it would be accompanied by higher productivity and elimination 
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of monotonous activities. However, it did not meet any expectations and failed. The reasons for 

the failure were given as “overengineering” trailed after the lack of quality, demotivation, lack 

of acceptance, and rise of absenteeism by its workers. This experience has taught researchers 

that social aspects need to be incorporated into the vision and architecture of technology design 

(Oeij, Pot, & Rus, 2015). Where the “Halle 54” factory failed for being technology-driven, a 

more recent example did overcome this failure. This was when a transformation took place 

from Enterprise 1.0 to Enterprise 2.0. Enterprise 2.0 changed from a technologically driven 

approach to a human-driven approach and became successful. Enterprise 2.0 is the use of 

emergent social platforms within or between companies and their partners or customers. The 

success of Enterprise 2.0 underlines the necessity to focus on the social aspect instead of 

technology (McAfee, 2006). This was furthermore established by the BMBF who said “today 

more than ever, being productive requires complex processes that need interaction with 

technological development, but also with human resource, organizational and skills 

development” (BMBF, 2014, p.22). Therefore, this research will add to the existing debate 

between technology and HRM by checking it in a new context, which is the context of 

manufacturing firms in the Netherlands. Furthermore, this research contributes to the existing 

debate by testing the added value of workplace innovation, specific ongoing digitalization, on 

continuous digitalization, giving it a more central place in the process of digitalization. 

The structure of this research is as follows, first, there needs to be a theoretical 

framework that describes and defines the key variables. This will be dealt with in chapter 2. 

Second, the research methodology will be described in chapter 3. In this chapter, the way the 

research will be conducted is given and explained. Third, the results will be presented that 

follow from the analyses of the data in chapter 4. Fourth, a conclusion will be given that answers 

the research question which is given above. Last, there will be a discussion that covers 

recommendations for further research and limitations that this paper faces. 
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Chapter 2 – Theoretical Framework 
 

In this chapter, the key variables will be defined and the presupposed relation between them 

will be explained. The definitions will be given based on the existing literature. Within the 

literature, a debate exists on whether ICT investments increase labor productivity or not. Both 

sides will be introduced and discussed, those who do say ICT investments increase labor 

productivity and those who say it does not. One will be chosen for this research and a hypothesis 

will be given about the influence of ICT investments on labor productivity. Besides this, some 

researchers found a connection between the use of HRM practices together with ICT 

investments and its effect on labor productivity. A second hypothesis will be formed on the 

influence that HRM practices have on the relationship between ICT investments and labor 

productivity. Concluding, from these hypotheses a conceptual model will be derived that shows 

the expected relationships in this research.  

 

2.1 – Labor Productivity 

For this research, labor productivity will be de dependent variable, which is influenced by the 

independent variable ICT investments. Moreover, HRM practices will have a moderating effect 

on this relation. 

 Productivity reflects a level of firms competitiveness (Mačiulytė-Šniukienė & Gaile-

Sarkane, 2014). Furthermore, Blinder and Baumol (1993) state that the growth of productivity 

is the best way to reduce poverty rates, increase leisure quality, and ability of a country to 

finance its education system, health care, environmental safety, and art. Next to this, labor 

productivity was also found to improve living standards within a country (Krugman, 1994). 

This indicates the importance of labor productivity for a firm, individual, but also for a country 

as a whole. The Fraunhofer Institute has defined labor productivity as, the added value per 

employee (Kinkel, Rieder, Horvat, & Jäger, 2015). Kinkel et al. (2015) define added value as 

the revenue of a company, minus the total purchasing divided by the number of employees. 

 The Centraal Bureau voor Statistiek (Central Bureau for Statistics) subdivided labor 

productivity in their report about the Dutch productivity between 2002 and 2014 into three 

factors (CBS, 2015). Each part can be a reason for an increase in labor productivity. The first 

factor is capital deepening. The second factor is the composition effect. The third and final 

factor is multifactor productivity.  
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 According to CBS (2015), capital deepening is when an organization needs less labor 

to reach the same production levels. This can for example be achieved by replacing labor with 

machines. They describe capital as being investment goods, such as buildings, machines, or 

software (CBS, 2015). Here, investing in for example ICT, can improve capital deepening and 

therefore improve labor productivity. 

 The second reason for increased labor productivity is an increase in the quality of labor, 

for example, more skilled and experienced workers. After all, a more skilled and experienced 

worker will be more productive than a worker with less skill and less experience. This is known 

as the composition effect (CBS, 2015). This effect quantifies the yearly change of age and skill 

of all the workers and corrects the worked hours for differences in quality and other background 

characteristics. Jablonski, Rosenblum, and Kunze (1988) add to the definition by the CBS that 

they indicate that labor composition comprises of work experience, education, and sex. Where 

CBS used age, Jablonski et al. (1988) state that experience is more suitable because it is better 

tied to on-the-job training and job skills. Here it is shown that the composition of labor can 

influence the productivity of an organization. 

 The last part of labor productivity that isn’t accounted for by the first two reasons is 

multifactor productivity. Brill, Chansky, and Kim (2018) state that multifactor productivity is 

the change in an industry’s real output to changes in the combined inputs used in producing that 

output. Where the output increases and the input remains constant, the multifactor productivity 

will increase. CBS (2015) adds here that multifactor productivity can increase through 

technological progress, scale advantages, increasing utilization rates and non-economic factors, 

for example, good weather has a positive influence on agriculture. Increasing multifactor 

productivity makes the economy work more efficiently as it is a measure of efficiency of a 

production process. Where it does not look at the quality of work or capital investments, it takes 

other factors into account, that together influence labor productivity. 

 This research looks at the relationship between ICT investments on labor productivity. 

The definition of labor productivity by Kinkel et al. (2015) is used, as this gives a good 

overview of labor productivity in a company. They define labor productivity as the added value 

per employee. 

 

2.2 – ICT Investments 

ICT investments will be the independent variable for this research. ICT investments are a huge 

driver for reducing costs, enhancing productivity, and improving living standards and it is a key 
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driver for economic growth (Hajli et al., 2015), indicating its importance not only on a personal 

level but also nationwide. 

 The OECD has defined ICT investments as the acquisition of equipment and computer 

software that is used in production for more than one year. Here, they distinguish between three 

different components of ICT, information technology equipment (computers and related 

hardware), communications equipment, and software. Software includes the acquisition of pre-

packaged software, customized software, and software developed in-house (OECD, 2021). As 

can be seen in Figure 1, the percentage of ICT investments increased from 1985 till around 

2000. Then it had a short drop and the last years it has been increasing again. This is in line 

with the earlier mentioned rise of ICT investment from the 1970s (Hajli et al., 2015). 

Furthermore, it is important to make a distinction between ICT and digital production 

techniques. Where ICT is a very broad and inclusive term, it encompasses everything from 

hardware to software. Digital production techniques are a form of ICT. Digital production 

techniques are electronic tools, systems, devices, and resources that generate, store, or process 

data of the production process (Government, 2019). Therefore, all digital production techniques 

are ICT, but not all ICT is a digital production technique. Moreover, those digital production 

techniques that require information technology equipment, communications equipment, and/or 

software are also ICT’s, those techniques that do not need any of these forms are only digital 

production techniques. 

 Besides this overall definition of ICT investments, investing in ICT can serve different 

functions within the production process. First, there is vertical integration through the usage of 

advanced ICT systems. The goal of vertical integration is to integrate all hierarchical levels of 

the company, from the shop floor to higher-level management. By vertically integrating, it will 

help decision-making actions be less dependent on human intervention (Frank, Dalenogare, & 

Ayala, 2019). When all systems are properly integrated, the information of production orders 

flows not only upstream, but also downstream. This allows the enterprise resources to be 

deployed into manufacturing orders. Therefore, vertical integration provides more transparency 

and control of the production process and helps to improve shop floor decision-making process 

(Frank et al., 2019).  

Second, there is horizontal integration, which serves to integrate the factory with 

external suppliers to improve raw materials and final product delivery. This will furthermore 

impact operational costs and delivery time. Horizontal integration involves exchanging real-

time information about production orders with suppliers and distribution centers. Where for 

vertical integration intra-logistics process technologies for internal traceability are used, other 
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technologies are necessary to connect the factory with external processes. A technology that 

meets this requirement is digital platforms, as it provides easy on-demand access to information 

displayed in a cloud, integrating suppliers and manufacturers. With digital platforms tracking 

of goods can be remotely monitored and warehousing maintained at optimized levels due to 

real-time communication with suppliers. In addition, it can avoid delivery delays when digital 

platforms with analytical capabilities are connected to meteorological systems. Furthermore, 

digital platforms can reach customers by tracking product delivery and attending to specific 

customer demands. Moreover, digital platforms can integrate different factories of the company 

by sharing real-time information of the operations activities among them (Frank et al., 2019). 

 
Figure 1: ICT investments from the G7 countries, during 1985-2010 (Retrieved from https://data.oecd.org/ict/ict-

investment.htm#indicator-chart on 5 March 2021) 

 
2.3 – Relationship between ICT investments and Labor Productivity 

As stated in the introduction of this paper, there is no consensus within the existing scientific 

literature to what extent ICT investments influence labor productivity. On the one hand, 

researchers state that ICT investments have a positive influence on labor productivity. On the 

other hand, there are researchers that state that the impact of investing in ICT on labor 

productivity has slowed down or even that ICT investments have no influence on labor 

productivity. Both opposing views will be discussed and considered in this paragraph. 

Afterwards, based on the prior research one of the views will be chosen and will form the first 

hypothesis of this paper. 
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 In the late 1980s, Solow made the following statement “You can see the computer age 

everywhere but in the productivity statistic” (Solow, 1987), which is now known as the Solow 

paradox. Solow (1987) came to this conclusion when he found that rapid growth in computing 

was accompanied by declining labor productivity (Brown, 2015). Solow (1987) looked at the 

US manufacturing industry during the 1980s. In the years after Solow’s statement, several 

researchers agreed with him. However, numerous researchers found results that suggested 

otherwise, namely that ICT investments do increase labor productivity. 

 Two researchers who disagree with Solow are Jorgenson and Stiroh (2000). They found 

that since the mid-1990s, the US economy has undergone a big transformation in terms of 

growth in output, labor productivity, and TFP. Jorgenson and Stiroh (2000) attribute this 

increased growth to the development of IT, especially the rapid commercialization of the 

Internet. By using Jorgenson’s Production Possibility Frontier (Jorgenson & Griliches, 1967), 

Jorgenson and Stiroh (2000) explain this productivity growth in the US after 1995. What they 

found was that computer hardware played an increasing role as a source of economic growth 

and that average labor productivity grew much faster between 1995-99 due to capital deepening 

as a direct consequence of the fall in ICT prices and the increase in TFP (Spiezia, 2012). 

 Similar results were found by Oliner and Sichel (2000, 2002). In an earlier study, Oliner 

and Sichel did not find a link between ICT investments and growth (Oliner & Sichel, 1994). 

Many observers were wondering why productivity growth had failed to increase despite billions 

of dollars being invested into IT over the preceding decade. Oliner and Sichel (1994) found that 

this was because of unrealistic expectations. Using a growth accounting framework, they 

showed that IT should not have been expected to contribute to much growth in the early 1990s, 

because its contribution was still modest and represented a small fraction of the total capital 

stock. Oliner and Sichel (2000, 2002) revisited their earlier research and came to a very different 

conclusion. By using the same growth accounting framework as before, they found that IT was 

now receiving high attention. They found that the acceleration in labor productivity after 1995 

was driven largely by the greater use of IT capital goods and by efficiency gains in the 

production of IT goods. 

 Extending on the research done by Jorgenson and Stiroh (2000) and Oliner and Sichel 

(2000, 2002), Colecchia and Schreyer (2002) included nine OECD countries up to the year 

2000 into their research. By analyzing a database consisting of investment in ICT equipment 

and software based on the System of National Accounts, they found that over the past two 

decades, ICT contributed between 0.2 and 0.5 percentage points per year to economic growth. 
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Furthermore, during the second half of the 1990s, this contribution rose to 0.3 to 0.9 percentage 

points per year. 

 More recently a new trend has surfaced on the influence of ICT investments on labor 

productivity. This trend was already discussed by Drucker (1991), who argues that new 

technology has become more complex and has a bigger variety. This new trend indicates that 

new ICT has become increasingly complicated and requires more knowledge than before to 

effectively make use of it. One researcher who discovered this is Cowen (2011), who is an 

Economics professor at the University of George Mason. He shows in his pamphlet that in the 

US growth has been sluggish since the 1970s. His explanation for this sluggish growth is that 

over the last three centuries, economic growth in the US was driven by exploiting the so-called 

“low hanging fruit”. Among this fruit is ICT innovation to increase labor productivity for 

example. Americans expected this “fruit” to be in abundance, however, in the last 40 years, this 

“fruit” has started to disappear. As Cowen (2011) said, they are facing ‘a Great Stagnation’, 

because they have failed to recognize that America is at a technological plateau. Where ICT 

has become more complex, more expensive, and the use of it more complicated. The positive 

influence it had on labor productivity, has now disappeared. 

 Where Cowen (2011) provides a more general overview, one researcher who goes more 

in-depth into the new trend is Jones (2009). He investigated every utility patent issued by the 

U.S. Patent and Trademark Office between 1963 and 1999. Jones (2009) builds on what he calls 

the “burden of knowledge” mechanism, which he describes as the lengthening of education and 

narrowing expertise which comes at the cost of reducing innovational capacities. This in turn 

will have negative implications for growth. Here, he finds that knowledge is becoming more 

dispersed among workers in an organization. Each person has knowledge on a certain aspect, 

which leads to an increase in specialization of employees. Because innovation within the field 

of ICT has increased, more knowledge on this ICT is required. In turn, this will lead to more 

employees with each their own specialization on the product/process, needed to complete the 

process. Nowadays, labor has become increasingly knowledge-intensive, and this knowledge 

is increasingly present in a fragmented way across multiple people. Therefore, producing a 

product has become more dependent on the knowledge of your employees, and the knowledge 

needed is scattered across a greater number of employees than before. This makes it more 

difficult to increase labor productivity according to Jones (2009). By investing in different and 

new ICTs, there are new employees needed that possess, to a greater extent integral or 

overarching, the knowledge to work with the investment to be productive. 
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 Concluding, both sides of the scientific debate have been discussed above. Where one 

stream says ICT investments increase labor productivity, others disagree. Where in the early 

2000 and the years prior researchers found a positive relationship, in the years around 2010 

research did not find that positive relation anymore. Because the more recent literature does not 

suggest a positive relation between ICT investments and labor productivity, this paper will 

follow this reasoning. Where ICT leads to more knowledge needed, and more knowledge is 

spread out over more people it does not increase the productivity of labor. This leads to the 

following hypothesis: 

 

H1: In the present study it is not expected ICT investments to be significantly positively related 

to labor productivity. 

 

2.4 – HRM practices 

Gupta and Shukla (2019) define HRM as the process of proper and maximum utilization of 

available limited skilled workforce. The core purpose of HRM is to make efficient use of 

existing human resource in the organization. To make efficient use of the human resources in 

an organization certain practices can be applied, for examples training or organizational 

systems. HRM practices can be used to serve multiple goals within an organization.  

For example, to reduce employee turnover intention, Gadi and Kee (2021) described 

several HRM practices that can influence an employee’s turnover intention. The HRM practices 

that they identify are reward recognition, training and development, career recognition, 

recruitment and selection, and performance appraisal. These practices were based on earlier 

research done by Langford (2009). He established and justified these practices after conducting 

a large survey consisting of 13,739 employees across 1,000 organizations in Australia. He 

further elaborated and said that reward recognition explains the degree to which the 

organization has fared and attracted reward practices, career recognition depicts the degree that 

the organization provides avenues for workers to develop their careers in the current 

organization and training and development describes the degree that the organization provides 

opportunities for workers to develop their career within the establishment and prospects for the 

employees to remain engaged not only in work-related activities as well as nonwork. 

Furthermore, HRM practices were found to be positively linked to employee 

engagement (Johanim, Zurina, Tan Fee, Khulida, & Site Nora, 2013). When employees are 

disengaged, it can bring undesirable organizational outcomes, such as customer dissatisfaction, 

low productivity, and unprofitability. If employees are disengaged, they will not be committed 
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to their job and this will also limit their contribution to the organization, which in turn affects 

organizational performance (Johanim et al., 2013). This research was conducted in the 

manufacturing industry of Malaysia, where they conducted a survey among operational-level 

employees. They distinguished several HRM practices in their research (training and 

development, financial and non-financial recognition, fringe benefits, and supervisor-

subordinate relationship) and researched whether this is linked to employee engagement. 

Another use of HRM practices in organizations is focused on keeping the knowledge of 

your employees up to standards and up to date. The most used practice to accomplish this is 

training and development. Training and development are referred to as a tool to improve current 

skills or to acquire new skills. Training and development also focus on changing or improving 

the knowledge, attitude, and behavior of individuals (Werner & DeSimone, 2011). Mondy 

(2011) describes that training puts emphasis on the learning of skills, knowledge, and attitudes 

required to initially perform a job or task or to improve upon the performance of a current job 

or task, while development activities concentrate on broadening the employee’s horizons, and 

offering limitless career advancement opportunities. In other words, training prepares 

employees for a new job while development is essential for future assignments. A more 

elaborate definition of development is given by Werner and DeSimone (2011), who state 

development as an act or process of developing the individual in terms of ability, understanding 

and, awareness in the long run. Furthermore, training will help in achieving overall 

organizational objectives by enhancing the satisfaction and productivity level among 

employees. Given the increasing complexity of ICT, in this research, the focus lays on HRM-

competence management, including training, development, learning, and the application of 

other knowledge gathering practices. 

As can be seen above, HRM practices can be used by an organization to achieve multiple 

organizational goals. These can be reducing employee turnover, increasing employee 

engagement, and keeping the knowledge and skills of employees up to standards and probably 

many more. Where this will not only benefit the organization in terms of performance and 

productivity, but it will also benefit the employees affected by the practices. 

 

2.5 – Moderating relation of HRM practices 
HRM practices is the moderation variable for this paper. What the influence is of HRM practice 

on the relationship between ICT investments and labor productivity will be examined. Some 

researchers have found positive links which show that HRM practices influence the relation 

between ICT investments and labor productivity. As discussed in paragraph 2.4, HRM practices 
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can serve a variety of organizational goals and can be beneficial for both the organization as 

the individual. In this paragraph, some research will be discussed that has investigated the 

moderating relation of HRM practices on the link between ICT investments and labor 

productivity. 

 In the early 2000s, a survey was conducted based on information of HRM professionals, 

interviews with HRM practitioners and consultants. Added to this, background information was 

composed based on scientific journals, publications, and discussions with public vendors 

(Combs, 2002). The focus of Comb’s (2002) survey was to ascertain how automated tools are 

used in hiring processes and it aimed to identify those organizations that lead the way. Examples 

of the tools included are interactive voice response systems, resume scanning and analyzing 

software, internet-based response systems, and kiosks located in public areas. The tools are 

used to summarize, rate and rank provided data, and record, store and retrieve responses to 

online questions. This survey concluded that by using automated tools, productivity will 

increase. However, implementing planning and training were keys to success (Combs, 2002). 

The same was found by Bloom and Van Reenen (2007) who state investing in technological 

capabilities is one of the possible means to enhance productivity, HRM systems are also of 

central importance. Bloom and Van Reenen (2007) identified 18 practices, which they grouped 

into four areas. First, there is operations, which consist of the practices: modern manufacturing 

introduction, rationale, and process documentation. Second, there is monitoring, which consists 

out of performance tracking, performance review, performance dialogue, consequence 

management, and performance clarity and comparability. Third, there is targets, which include 

target breadth, target interconnection, target time horizon, targets are stretching and managing 

human capital. Last, there is incentives, which conclude with rewarding high performance, 

removing poor performance, promoting high performers, attracting human capital, and 

retaining human capital. Furthermore, Boenzi, Mossa, Mummolo, and Romano (2015) found 

that over the years the influence of human behavior on productivity has been underestimated 

and a lot of unrealistic assumptions have been used to simplify the human component. This 

conclusion was reached after an intensive literature study, based on prior scientific findings. 

This indicates that while technology has changed the nature of work, the human part remains 

an important part of the process. 

 Concluding, while ICT has altered the work as we know it today and has increased 

productivity, it cannot be sperated from the influence of humans and HRM practices. Based on 

the above theory, it seems that the biggest struggle organizations face is regarded with ICT 

becoming increasingly complicated. Therefore, for this research HRM practices will be those 
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practices that will help employees deal with and understand ICT investments better. As 

mentioned in paragraph 2.4, the most used practice to achieve this is training and development. 

Therefore, for the remainder of this research, the variable HRM practices will be called training 

and development practices, which will also alter the main research question of this research 

(paragraph 2.6). This leads to the second and following hypothesis of this paper: 

 

H2: The more training and development practices used in an organization the greater the 

productivity benefits because of ICT investments. 

 

2.6 – Conceptual Model 

The conceptual model for this paper is based on the literature which is discussed above. The 

model is constructed by using the hypotheses of this research and it should guide in checking 

whether the hypothesis hold based on the found results. Ultimately this will lead to an answer 

to the main question of this paper, which is “To what extent does investing in ICT influence 

labor productivity in Dutch manufacturing firms, and how is this relationship influenced by 

training and development practices?” 

 H1 of this research has the assumption that ICT investments are not significantly related 

to labor productivity. This is derived from prior research by Solow (1987) and Drucker (1991), 

but also more recent research done by Cowen (2011) and Jones (2009). They state that new ICT 

leads to more knowledge needed and more knowledge will be spread over more people. 

Therefore, this will not increase labor productivity. In line with the hypothesis, this can be found 

in the conceptual model below. 

 H2 of this research states that there is a moderating effect of training and development 

practices on the relation between ICT investments and labor productivity. Prior research has 

found that the impact of human action and human resources is an important factor (Boenzi et 

al., 2015; Bourke & Crowley, 2015; Combs, 2002; Drucker, 1991). Therefore, it is 

hypothesized that training and development practices will moderate the relation between ICT 

investments and labor productivity. This is illustrated in the conceptual model below. 
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Figure 2: Conceptual model of the research  
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Chapter 3 – Methodology 
 

In this chapter the methodology that is used for this research will be discussed. As mentioned 

in the introduction this paper will follow quantitative approach. This will be introduced in the 

first paragraph of this paper. In the second paragraph the quantitative side of the research will 

be elaborated. The quantitative operationalization of the key variables will be given in 

paragraph 3.2.1. The third paragraph will be used to discuss the validity and reliability of this 

paper. Last, this chapter will end with research ethics. 

 

3.1 – Research Design 

For the quantitative analysis of this paper, the data collected by the EMS (2018) is used. 

Commissioned by OOST NL, this survey was conducted to see how and to what extent different 

variables were related to each other. Therefore, the quantitative analysis will be used to check 

whether the three variables used (ICT investments, labor productivity and training and 

development practices) are related to each other and to what extent. To summarize, the 

quantitative analysis will be conducted to test whether and to what extent ICT investments is 

related to labor productivity and if this relation is influenced by training and development 

practices. 

 The data gathered for the quantitative analysis was commissioned by OOST NL and 

was carried out between 2015-2018 by Dr. Peter Vaessen and Dr. Paul Ligthart, who conducted 

the survey for the Dutch manufacturing industry. Their research was focused on digitalization 

profiles within the production process in the Netherlands and the German border regions. For 

this research they made use of the EMS (2018). The EMS (2018) consists of multiple countries 

within Europe, for this research only the data of the Netherlands is used. 

 

3.2 – Quantitative approach 

As mentioned before, the quantitative data for this research was conducted based on the 

European Manufacturing Survey (2018). This survey was coordinated by the Fraunhofer 

Institute for Systems and Innovation Research, where the Dutch data has been made available 

by the Radboud University. Since 2000 the EMS conducts a research that spans over a three-

year period, where it looks at specific innovation activities in manufacturing companies. In the 

latest research conducted in 2018, mostly digitalization activities in manufacturing companies 

were researched. For this research only the Dutch data was used, which was collected by Peter 
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Vaessen and Paul Ligthart, who work for the Radboud University. They contacted all Dutch 

manufacturing factories in the Netherlands with more than 10 employees, which formed the 

research unit of the survey. The observation unit of the survey were, general managers, 

production managers and R&D managers. 

 Because the data used for the quantitative data was collected by another institute and 

not gathered through own means, it can be described as secondary data. This has multiple 

advantages for this research. First, it saves a lot of time, because there is no need to collect data 

since it is already available. Second, it enables the use of bigger and better databases, since one 

researcher alone is not able to collect this big of an amount of data (Cowton, 1998). Despite the 

advantages of using secondary data, there is also a big disadvantage associated with secondary 

data. This can be attributed to the primary data being collected with another purpose than the 

research for which the secondary data is used (Cowton, 1998). Where the primary data was 

collected to look at digitalization activities in manufacturing companies, this research uses this 

data to look at the influence of ICT investments on labor productivity. While digitalization is a 

form of ICT investment, it still differs and therefore it should be treated with caution. 

 For the main effect in this research, that of ICT investments on labor productivity a 

linear regression analysis will be used. Linear regression is one of the ways to conduct a 

regression analysis and it test the relationship between an independent and a dependent variable 

(Hair, 2009). This is in line with this research as this research looks at the relation between ICT 

investments (independent) and labor productivity (dependent). Furthermore, this research 

assumes a moderation effect exist, which is training and development practices. Field (2013) 

describes a moderating variable as one that effects the relationship between two other variables. 

To test whether the moderator effects the relationship of two other variables, the interaction 

effect between the moderator and the independent variable on the dependent variable must be 

significant (Field, 2013). To test this, the statistical program SPSS will be used. 

 

3.2.1 – Operationalization 

To be able to conduct the quantitative analysis, the key variables need to be operationalized. 

This has been done by linking the theory given in chapter 2 with the questions from the EMS 

(2018). Items out of the EMS are linked to the dependent, independent, moderating and control 

variables. In appendix 2, a complete overview of the operationalization is presented. Next, each 

variable will be elaborated on how it is constructed. 
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3.2.1.1 – Labor productivity 

The dependent variable for this research is labor productivity. It will be examined whether ICT 

investments are related to labor productivity. For this research the definition of labor 

productivity is given as the value added per employee. Therefore, labor productivity can be 

calculated as follows: (Annual turnover (17A) – Total purchases (17D)) / Number of employees 

(17B). In table 1 it is shown which questions from the EMS (2018) are used for the variable 

labor productivity. 

 

Question number Indicator 

17A Annual turnover 

17B Number of employees 

17D Inputs (purchased parts, material, raw materials, operating supplies, services) 
Table 1: Labor Productivity 

 
3.2.1.2 – ICT investments 

ICT investments will be the independent variable for this research. As mentioned in chapter 2 

of this research, ICT investments is defined as the acquisition of equipment and computer 

software that is used in production for more than one year. Therefore, in table 2 below it is 

shown which questions from the EMS (2018) belong to the variable ICT investments. Out of 

these questions several belong to the vertical integration as described in paragraph 2.2. These 

are questions 9.1B, 9.1E, 9.1H, 10.1-A, 10.1-C and 10.1-D as these all refer to providing more 

transparency, control of the production process and help improving shop floor decision-making, 

which is the goal of vertical integration. Furthermore, the questions 9.1A, 9.1D, 10.1-B refer to 

horizontal integration, because each question refers to integrating the factory with external 

suppliers and customers and providing real-time information about the production process, as 

this is the goal of horizontal integration. Furthermore, items 9.1D, 9.1E, 10.1-A and 10.1-B are 

all digital production techniques as these all refer to ways to generate store or process data of 

the production process, which is the purpose of these techniques. From these items 9.1D and 

9.1E are also ICT’s next to being a digital production technique. 
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Question number Indicator 

9.1 Systems for machine2machine communication 

9.1A Mobile/wireless devices for programming and controlling facilities and 

machinery (e.g., tablets) 

9.1B Digital solutions to provide drawings, work schedules or work instructions 

directly on the shop floor 

9.1D Digital Exchange of product/process data with suppliers / customers 

(Electronic Data Interchange EDI) 

9.1E Near real-time production control system (e.g., Systems of centralized 

operating and machine data acquisition, MES) 

9.1H Virtual Reality or simulation for product design or product development (e.g., 

FEM, Digital Prototyping, computer models) 

10.1-A Optimizing production processes 

10.1-B Planning resource utilization and application 

10.1-C Planning maintenance and repairs 

10.1-D Preparing productivity or key performance indicators 

10.1-E Other use 
Table 2: ICT investments 

 

3.2.1.3 – Training and development practices 

For this research training and development practices will be the moderating variable. Based on 

the theory discussed in chapter 2, training and development practices are those practices that 

will help employees deal with and understand ICT investments better. Below in table 3 it is 

noted which questions out of the EMS (2018) correspond with the variable. As can be seen in 

the table, one question (7L) is directed to employee engagement and development of 

employees. The other six questions are directed towards training and development of 

employees. Here, questions 7M and 7.1-B are specifically aimed at training and questions 7.1-

A and 7.1-C are specifically for development of employees. Questions 7.3 and 7.4 tackle both 

training and development of employees. Therefore, all seven items correspond with training 

and development practices as it is presented in this research. 
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Question Number Indicator 

7L Instruments to promote staff loyalty (e.g., attractively designed 

responsibilities, offering learning opportunities, flexible working hours, 

childcare) 

7M Training on the job (e.g., job rotation, organized exchange 

of experiences with colleagues, TWI) 

7.1-A Existing competences of production employees are systematically recorded 

7.1-B Job descriptions are developed for specific function areas in production 

7.1-C Specific competency programs are available 

7.3 Policy for competence development and training for production personnel 

7.4 Set number of days per year designated for qualification, training and 

development of the production personnel 
Table 3: Training and development practices 

 
3.2.1.4 – Control variables 

Control variables are used to make it easier to reproduce the research and they check whether 

the relationships found are not influenced by these control variables. The control variables will 

be held constant in order for them to not influence the results of the research (Helmenstine, 

2021). For this research, the following control variables will be used: firm size, industry and 

level of education. As mentioned by Drucker (1991) ICT has become increasingly complex, 

which makes it harder for each employee to understand and work with new ICT. Therefore, 

level of education of the employees will be controlled for. Furthermore, each researcher 

mentioned in chapter 2, did their research within a different industry. Therefore, the industry 

the firm is in will also be controlled for. Moreover, other technologies that are not ICT are 

controlled for. This research looks at the effect of ICT investments, while this effect may not 

be the case for non-ICT technologies. Lastly, firm size will be used as a control variable to 

check whether there is a difference between big and small organizations. The control variables 

with their corresponding questions out of the EMS (2018), are shown in the table below. 
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Control Variable Question number Indicator 

Other technologies 9.1 (I-J-K-L-M-N) Non-ICT technologies 

Firm size 17B Number of employees (excl. temporary agency 

workers) 

Industry 2.1 Industry the organization is operating in 

Level of Education 8.1 Level of education of employees (Students, LBO, HBO, 

WO) 
Table 4: Control variables 

3.3 – Validity and Reliability 

For each research it is important that the validity and reliability can be guaranteed. Validity can 

be divided into internal and external validity. Internal validity is where you actually measure 

what you want to measure (Bleijenbergh, 2015). External validity means that your results can 

be generalized to the overall population (Bleijenbergh, 2015). For the quantitative data 

collected by the EMS (2018), the internal validity is guaranteed due to detailed questioning, 

sample surveys, international meetings with representatives from 15 countries where they 

discussed the formulation of the questions and the set-up of the questionnaire. Furthermore, the 

external validity is guaranteed by offering a free benchmark report (companies could compare 

themselves with others on several indicators) and two reminders were sent to each participant. 

For the reliability which indicates that the measurements deliver consistent results 

(Bleijenbergh, 2015), it was guaranteed by inquiring on practices and not opinions. This means 

the questions asked were on objective data such as practices, facts, investments, or performance 

figures. Reliability can also be checked in SPSS by looking at the Cronbach’s alpha. The value 

of the Cronbach’s alpha needs to be higher than 0.7 in order for the measurement to be reliable 

(Hair, 2009). 

 

3.4 – Ethics 

During the research some steps were taken to guarantee that the research would not violate any 

ethical values. For instance, the participation in the survey conducted by the EMS was 

voluntarily. If at any point in time before, during or after the research, someone would feel 

uncomfortable or not supportive of the research and its goal, they had the opportunity to say 

something, and their results would be terminated. Furthermore, the answers and everyone’s 

identity were anonymized for privacy reasons. 
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 Also as shown in chapter 1 and 2, when productivity increases this has multiple benefits. 

For example, reduce poverty rates and gives a country the ability to finance its education 

system, health care, environmental safety, and art. Next to this, labor productivity was also 

found to improve living standards within a country (Blinder & Baumol, 1993; Krugman, 1994). 

The same benefits are attributed to ICT investments (Hajli et al., 2015). This indicates major 

benefits of ICT investments and productivity for not only individuals or companies, but for an 

entire country. Therefore, the findings of this research could be used by countries or companies 

when they are facing problems that could be solved by increasing productivity or by investing 

in ICT. Next to that, it is investigated what the role of training and development practices is on 

the relation between ICT investments and labor productivity, which indicates the possible role 

of training and development practices together with ICT investments on overcoming problems 

faced by a country or increasing productivity in this country. 
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Chapter 4 – Quantitative analysis and results 
 
This chapter shows the quantitative analysis and its findings. First the data sample used out of 

the EMS (2018) will be depicted. After that, in the second paragraph, the construction of each 

variable will be given. Next, in the third paragraph, the univariate analysis for each variable is 

shown. In the fourth paragraph, the bivariate analysis will be given. Here, while using Pearson’s 

correlation matrix we can examine if there is multicollinearity between the variables. After the 

bivariate analysis, in the fifth paragraph, the multivariate analysis will be conducted. Here the 

assumptions will be checked, and the hypotheses will be tested. Concluding a summary of the 

findings will be given. 

 

4.1 – Data sample 
The data for this analysis was gathered by the EMS (2018). Were multiple European countries 

participated, only the data from the Netherlands is used for this research. The data set contained 

203 Dutch manufacturing companies (N = 203). For this research, only those companies that 

have more than 10 employees are included. As can be seen in table 5 all the 203 respondents 

have at least 10 employees and are therefore all included in the analysis. As mentioned in 

paragraph 3.2.1, for this research, not the complete dataset will be used, but a sample of 

questions that refer to each variable. Therefore, in this paragraph, this data sample will be 

described. 

 Furthermore, a second criterion was that the companies needed to be active in the 

manufacturing industry. Therefore, it was checked in which industry each of the 203 companies 

was active in. As can be seen in table 6 each company was active in the manufacturing industry 

and because of this, no company was excluded based on this criterion (N = 203). 

 To get a better overview of the data sample some descriptive statistics were carried out. 

First, it was looked at how the number of employees is distributed among the data set. The 

number of employees was divided into five categories to give an easier overview. Here, the 

biggest company had 4500 employees and the smallest had 10 employees. Most of the 

companies had between 25 and 48 employees (36,0 %) and the least had over 200 employees 

(4,4 %). Table 6 gives the complete overview of all five categories. 
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Number of Employees Frequency Percent Cumulative percent 

Less than 25 49 24,1 24,1 

25 – 48 73 36,0 60,1 

50 – 92 49 24,1 84,2 

100 – 200 23 11,4 95,6 

More than 200 9 4,4 100 

Total 203 100 100 
Table 5: Distribution of firm size based on Number of Employees 

Next to the number of employees, the industry the companies were in was considered. Within 

the EMS (2018) the manufacturing industry was divided into seven sectors. These are 1. Metal, 

2. Food, 3. Textile, 4. Construction, 5. Chemical, 6. Machinery and 7. Electronic. As can be 

seen in table 6, most companies are active in the Electronic (23,2 %) and Metal sector (19,7 %) 

and the least are active in the Construction sector (2,5 %). 

 

Industry Frequency Percent Cumulative percent 

Metal 40 19,7 19,7 

Food 17 8,4 28,1 

Textile 29 14,3 42,4 

Construction 5 2,5 44,9 

Chemical 26 12,8 57,7 

Machinery 39 19,2 76,9 

Electronic 47 23,2 100 

Total  203 100 100 
Table 6: Distribution of industry sectors within the data sample 

 
4.2 – Variable construction 
In this paragraph, it is presented how each variable is constructed. This is necessary because 

ICT investments for example consist out of multiple items in the questionnaire, and therefore 

in this paragraph, it is shown how these items are constructed into one variable. This 

construction of the variables is based on the quantitative operationalization in paragraph 3.2.1 

and the questions out of the EMS (2018), which was used for the operationalization. In appendix 

2 an overview of the constructed variables is given. 
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4.2.1 – Construction of Labor Productivity 

Labor productivity is the dependent variable in this research. As mentioned in paragraph 

3.2.1.1 labor productivity is constructed based on a calculation consisting out of three 

questions. The total purchases a company made per year (Appendix 1, question 17D) was 

subtracted from its yearly turnover (Appendix 1, question 17A), and this was divided by its 

number of employees (Appendix 1, question 17B): (Annual turnover (17A) – Total purchases 

(17D)) / Number of employees (17B).  

 

4.2.2 – Construction of ICT investments 

For this research, ICT investments is the independent variable. In the EMS (2018) there were 

several questions about investing in ICT. As mentioned in paragraph 3.2.1.2 ICT investments 

was constructed based on five items from both question 9.1 and 10.1. For the items on questions 

9.1, the respondents could indicate whether certain ICT was in use, or there was planned to 

invest in these ICTs. Regarding the items of questions 10.1 the respondent could answer 

whether they used ICT’s to automatically store data, and as a follow up what this data was used 

for. This makes the theoretical range of the variable min = 0 when no item out of the survey 

was invested in and max = 10 when every item out of the survey was invested in by the 

organization. Because ICT investments is a formative latent variable it is not expected that the 

indicators are highly correlated. Therefore, a reliability analysis will not yield any useful data. 

To construct the variable ICT investments, each separate item was added into one variable by 

using the compute function. 

 

4.2.3 – Construction of training and development practices 

The moderating variable in this research is training and development practices. From the EMS 

(2018) questionnaire, the following items responded with training and development practices: 

two items from questions 7, three from questions 7.1, question 7.3, and question 7.4. For the 

items responding with question 7, the respondents could indicate which training and 

development practice they had in use or were planning on using. At questions 7.1 the 

respondents could indicate whether certain activities were performed by production personnel. 

With question 7.3 it was asked whether there was a certain policy for competence development 

and training of production personnel. Question 7.4 was used to ask whether there is a certain 

number of days reserved each year for qualification, training and development of production 

personnel. Therefore, the theoretical range is min = 0 when no training and development 
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practice was present in the organization, and max = 7 when all the practices were present in the 

organization. As discussed in chapter 2, the items correspond to different goals of using training 

and development practices. For example, increasing customer engagement and helping 

employees deal with and understand ICT investments better. This will lead to higher 

performance, customer and employee satisfaction, higher productivity, and profitability. To 

construct the moderating variable the compute function was used, where each item was added 

into one inclusive variable. After conducting a reliability analysis on these items, it resulted in 

a value of 0.531. This doesn’t meet the threshold of > 0.7 (Field, 2013). However, the value 

could not be increased by deleting one of the items, therefore all the items will be used. 

 

4.2.4 – Construction of the control variables 

As mentioned in chapter 3 the quantitative analysis will have four control variables. These 

control variables are other technologies, firm size, industry, and level of education. For each of 

these variables is discussed below how they are constructed. 

 

4.2.4.1 – Other technologies 

Question 9.1 out of the questionnaire was about technologies used, where six items were about 

non-ICT technologies. Therefore, these six items are used to construct the control variable other 

technologies. These items will be combined and constructed in the same way as the independent 

variable ICT investments was constructed. Also, the variable other technologies is a formative 

latent variable, and therefore, it is not expected that the indicators are highly correlated. For this 

reason, a reliability analysis will not yield any useful data. 

 

4.2.4.2 – Firm size 

Firm size is measured by looking at the number of employees the firm has, which correlates 

with question 17B. Because the number of employees varies a lot among the respondents, the 

data must be transformed. This data will be transformed based on a log transformation. 

 

4.2.4.3 – Industry 

In the EMS (2018) question 2.1 was an open question on which industry the company operates 

in. As mentioned earlier in paragraph 1, seven different sectors were identified. These sectors 

are 1. Metal, 2. Food, 3. Textile, 4. Construction, 5. Chemical, 6. Machinery and 7. Electronic. 

As these seven sectors will be used separately in the regression analysis, no construction of a 
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new variable is needed. For the industry sectors, dummy variables were created, with Electronic 

being the reference category as this was the biggest category. 

 

4.2.4.4 – Level of Education 

The level of education is also being controlled for in this research. Question 8.1 in the 

questionnaire asked about the educational level of the employees as a percentage of the total 

employees. Here for each educational level, the item was first log-transformed because of the 

high variation between the levels of education within and between each company. Then these 

items were constructed into one variable based on the compute function. 

 

4.3 – Univariate analysis 

After each variable has been constructed properly a univariate analysis will be conducted. For 

each variable, the descriptive statistics will be given and shown to observe and find patterns 

within the data. First, the dependent variable labor productivity will be described. As shown in 

table 7, labor productivity could have a minus value of -1 and a maximum value of 0.96, 

meaning that the range of labor productivity is between – 1 million to 960 thousand euros. A 

negative value on the variable labor productivity indicates that the added value per employee 

will be below 0. This means that the cost per employee is higher than the turnover. With the 

Mean being 0.1213, the average labor productivity per employee is 121,3 thousand euros. 

Where the skewness meets the criteria for standard deviation, the kurtosis does not. Therefore, 

the data needs to be transformed. However, before being able to transform the data, all negative 

and zero values need to be increased. Therefore, all data was increased with 2 to be able to 

transform the data. After transforming the data using the norm function, the data now is 

normally distributed as can be seen in table 7. 

Second, the independent variable ICT-investments will be elaborated. As can be seen in 

table 7 the Mean for the variable ICT investments is 1.2589, indicating that on average each 

company invested in one type of ICT. The range lay between 0 and 4, meaning that the most 

investments a company made were 4 and the least investments is none. Moreover, the values 

of the skewness and kurtosis pose no problems regarding the normal distribution of the data. 

Lastly, the moderating variable training and development practices is discussed. With the mean 

being 1.1493, on average each company made use of 1 training and development practice. 

Furthermore, the value of the skewness and kurtosis fall within the acceptable range showing 

that the data is normally distributed. 
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  Minimum Maximum Mean Skewness Kurtosis 
Labor Productivity -1.00 .96 .1213 -.239 21.654 
Norm_Labor_Productivity -.019 1.20 .5043 .006 -.305 
ICT_investments 0.00 4.00 1.259 .744 -.371 
Training and 
Development practices 0.00 2.00 1.149 -.282 -1.448 

Table 7: Descriptive statistics 

4.3.1 – Descriptive statistics of the control variables 

Here the descriptive statistics for each of the control variables will be given. First, the control 

variable Other technologies. As can be seen in table 9, the Mean has a value of 0.7347, which 

states that on average each company implemented one possible other technology. The range 

lays between 0 and 4, indicating that the least other technologies used by a company is 0 and 

the most are 4. Furthermore, when looking at the skewness and kurtosis these values are 

acceptable according to Field (2013), which means that the data is normally distributed. 

Second, the control variable Firm size. As can be seen in table 9, the Mean is 5.438. 

Furthermore, the skewness falls in the acceptable range, but the kurtosis is just above the 

threshold of 3. The kurtosis just exceeds the threshold and will therefore not cause any 

problems. Because this variable was log-transformed, we cannot interpret the minimum, 

maximum and mean. 

Third, is the control variable Industry. As each industry sector is a nominal variable, it 

is meaningless to look at the descriptive statistics. The frequencies of each sector can however 

be looked at, which is also shown in paragraph 4.1. Below this table will be shown again. What 

can be noted is that the Construction sector is the least present with only 5 companies being in 

the Construction sector. Where Electronic is the most present in the data with 47 companies 

active in this sector.  

 

Industry Frequency Percent Cumulative percent 

Metal 40 19,7 19,7 

Food 17 8,4 28,1 

Textile 29 14,3 42,4 

Construction 5 2,5 44,9 

Chemical 26 12,8 57,7 

Machinery 39 19,2 76,9 

Electronic 47 23,2 100 
Table 8: Distribution of industry sectors within the data sample 
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Last, is the control variable Level of Education. The level of education is measured based on 

the percentage of higher educated employees within a company. When looking at the skewness 

and kurtosis, they fall within the acceptable range. This means that the data is normally 

distributed. Because each level of education item was log-transformed, before being computed 

into one variable, it is impossible to interpret the minimum, maximum and mean. 

 

  Minimum Maximum Mean Skewness Kurtosis 

Other technologies 0.00 4.00 .7347 1.242 1.054 

Ln_Firm_size 3.32 12.14 5.438 1.038 3.356 

Level of education 4.62 15.07 11.452 -.691 .039 
Table 9: Descriptive statistics control variables 

 
4.4 – Bivariate analysis 
A univariate analysis was conducted to describe each variable independently to see whether 

there are any interesting or remarkable scores or observations. After the univariate analysis, the 

next step is to perform a bivariate analysis. The goal of a bivariate analysis is to look for 

correlations between the independent and the dependent variables. Here independent variables 

should correlate as much as possible with the dependent variable and as little as possible with 

each other. To check for correlations between the variables, Pearson’s correlation matrix (table 

10) will be used. Before Pearson’s correlation matrix can be used, the data needs to be normally 

distributed (Field, 2013). In paragraph 4.3 for every variable, the normal distribution was 

checked and corrected if necessary. Here, labor productivity was having problems with its 

normality. The problem was resolved by transforming the data using a norm transformation. 

Furthermore, the kurtosis of the variable firm size just exceeded the threshold, however, due to 

it being a slight exceedance, this will not result in any problems. 

 Because all the problems regarding the normal distribution of data are resolved a 

Pearson’s correlation matrix will be used to check for multicollinearity in the data sample and 

to look for correlations between the variables (Hair, 2009). When there are Pearson correlation 

coefficients higher than R>0.85 within the correlation matrix it indicates multicollinearity 

(Hair, 2009). Multicollinearity is a situation in which two or more variables are very closely 

linearly related. In other words, it is the extent to which a variable can be explained by any 

other variable (Field, 2013). For this research, there should be no multicollinearity between the 

independent variables. As can be seen in table 10 we can state that there is no multicollinearity 
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within the data sample. All values are below the threshold of R>0.85. The highest R-value is 

0.314, which is between ICT investments and firm size. 

 Next to checking for multicollinearity within the data sample, the correlation matrix will 

be used to look for correlations between the different variables. Several variables showed a 

significant correlation. However, no significant correlation was found between the dependent 

variable labor productivity and the independent variable ICT investments. That there is no 

significant correlation between the dependent and independent variable is in line with 

Hypothesis 1, which states that there is no relation between ICT investments and labor 

productivity. Furthermore, a positive significant effect exists between labor productivity and 

level of education (.289), indicating a medium effect. This means that higher educated 

employees, will have a higher labor productivity in an organization. 

 When looking at the moderating variable training and development practices two 

positively significant effects are found. This was between training and development practices 

and the independent variable ICT investments (0.219) and with the variable level of education 

(0.139). The correlation coefficients of 0.219 and 0.139 indicate a weak to medium effect 

between the variables (Field, 2013). This indicates that investing in ICT will lead to the 

company making more use of training and development practices. Important to note here is that 

training and development practices, do not have a significant effect with other technologies. 

This would indicate that training and development practices operate independent and are not 

paired or supported by other technologies. Because the moderating variable only has a 

significant effect with the independent variable, not with the dependent variable, we cannot say 

whether this supports Hypothesis 2. Were we cannot say anything on it significantly affecting 

labor productivity based on the correlation matrix, we can say that those companies that invest 

in ICT make use of more training and development practices. To test whether this significantly 

affects labor productivity a multivariate analysis is necessary. 

 Concluding, based on the bivariate analysis of the data sample, the conclusion can be 

drawn that there is no significant correlation effect between the independent variable ICT 

investments and the dependent variable labor productivity, which supports Hypothesis 1. 

Moreover, a positive significant correlation effect was found between the moderating variable 

training and development practices and the independent variable ICT investments, showing 

partial support for Hypothesis 2. Furthermore, some of the control variables showed significant 

correlation effects. For example, level of education showed a significant correlation with labor 

productivity. Also, other technologies showed significant correlation effects with the industry 

sector Textile and the independent variable ICT investments. Last, firm size was significantly 
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correlated with the independent variable ICT investments, the chemical industry sector, and the 

control variable level of education. 
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C
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C
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M
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of 

education  

O
ther 
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ICT-
investments 1                         

Norm Labor 
productivity .074 1                       

Training and 
development 
practices 

.219** -.069 1                     

Metal -.044 -.051 .031 1                   

Food -.049 -.134 .076 -.150* 1                 

Textile -.054 -.136 .081 -.202** -.123 1               

Construction -.008 -.113 .128 -.079 -.048 -.065 1             

Chemical .054 .145 .002 -.190** -.116 -.156* -.061 1           

Machinery .088 -.116 -.136 -.242** .147* -.199** -.077 -.187** 1         

Electronic -.004 .165 -.069 -.272** -.166* -.224** -.087 -.210** -.268** 1       

Level of 
education .081 .289** .139* .120 -.080 .023 .052 .015 .001 -.111 1     

Other 
technologies .168* .154 .126 .094 -.048 -.185** .114 .030 .096 -.061 .053 1   

Ln Firm size .314** .097 .120 -0.65 .094 -.074 .030 -.103 .159* -.018 .301** .136 1 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

Table 10: Pearson’s correlation matrix 

 
4.5 – Multivariate analysis 

After the bivariate analysis was conducted where correlations between each variable were 

discussed, multivariate analysis will be conducted. The multivariate analysis will be conducted 

through linear regression. This analysis will be performed to discover the relationship between 

the dependent variable, labor productivity, and the independent variable ICT-investments. 

Before the regression analysis can be conducted, first some model assumptions need to be 

tested. The test of assumptions can be found in appendix 3. 
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4.5.1 – Relation between ICT investments and Labor productivity 

The regression analysis will be done based on the hierarchical model. With the hierarchical 

model, you do not include all variables at once but add them to the model in steps. The first 

model will consist out of the dependent variable labor productivity and the control variables for 

this research (industry sector, firm size, level of education, and other technologies). For the 

control variables of the industry sector, all were included except the Electronic sector as this 

was the reference category. The independent and moderating variables were added based on 

the hierarchical method and therefore all models would include the control variables. To further 

differentiate this research from prior research, in the EMS (2018) the application of new 

generations of ICT-technologies was included (e.g., virtual reality, M2M communication, 3D 

printing, etc.). As can be seen in table 11, model 1 explains 21,2% of the variance. Furthermore, 

model 1 is significant (F (9,101) = 3.017, p = .003). 

 For the second model, the independent variable ICT investments was included. This was 

done to test the first hypothesis of this research, which states “In the present study it is not 

expected ICT investments to be significantly positively related to labor productivity”. This 

study does not expect a significantly positive relation, because investing in ICT is paired with 

more knowledge needed to produce, where this knowledge is spread over more and more people 

causing coordination and cooperation difficulties (Jones, 2009), and ICT has become more 

complex, more expensive and the use of it more complicated (Cowen, 2011). Therefore, it was 

not expected in this research that investing in ICT would lead to a significant positive relation 

with labor productivity. Were model 1 explained 21,2% of the variance, model 2 also explained 

21,2% of the variance. By adding ICT investments into model 1, the explained variance 

remained the same (R2 change = .000). The F change statistic (F (1,100) = .010, p = .919) of 

model 2 is not significant, meaning that model 2 does not significantly explain extra variance, 

compared to model 1. Furthermore, model 2 is a significant model (F (10,100) = 2.690, p = 

.006). However, the variable ICT investments was not found to be significant (ß = -.002, t(100) 

= -.102, p = .919 ). This means that Hypothesis 1 is supported, where adding ICT investments 

into the model makes it significant, this cannot be attributed to ICT investments since it is 

insignificantly related to labor productivity. In other words, if a company invests in ICT, this 

will not have a significant linear effect on its labor productivity. This finding contradicts with 

researchers in the early 2000s who argued that by investing in ICT the labor productivity will 

grow. For example, Oliner and Sichel (2000, 2002) revisited earlier work of theirs in which 

they did not find a link between ICT investments and labor productivity. By replicating their 

earlier work, a decade later, they found opposing results. After 1995 labor productivity 
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accelerated, which was largely driven by better use of IT capital goods and efficiency gain in 

the production of IT goods. (Colecchia & Schreyer, 2002) extended the research by Oliner and 

Sichel (2000, 2002) by including nine OECD countries. They concluded that ICT contributed 

between 0.2 and 0.5 percentage points per year to economic growth, which rose to 0.3 till 0.9 

percentage points during the second half of the 1990s. However, these findings confirm the 

more recent literature which examines the relationship between ICT investments and labor 

productivity, which stated that there is no relation. Because ICT leads to more knowledge 

needed, and more knowledge is spread out over more people it does not increase the 

productivity of labor (Cowen, 2011; Jones, 2009). Furthermore, this research seems to break 

the pattern previously found in the literature. Where in the 1990s no relation was found between 

ICT investments and labor productivity (Oliner & Sichel, 1994; Solow, 1987), a relationship 

was found in the 2000s (Oliner and Sichel, 2000, 2002; Jorgenson and Stiroh, 2000). Then 

again approximately 10 years later around 2010, the debate switched to stating that no 

relationship exists between investing in ICT and labor productivity (Cowen, 2011; Jones, 2009), 

and now this research confirmed the findings from around 2010 that there is no relation between 

ICT investments and labor productivity. Where the relationship switched every decade, it 

remained the same for two decades in a row. A possible explanation could be the reasons 

presented by Cowen (2011) and Jones (2009), that investing in ICT leads to more knowledge 

needed, and more knowledge is spread out over more people that it does not increase the 

productivity of labor. Moreover, these results confirm the findings in the bivariate analysis. In 

the bivariate analysis based on the Pearson’s correlations (table 10), no significant correlation 

effect was found between labor productivity and ICT investments, where the multivariate 

analysis also found no positive significant effect between labor productivity and ICT 

investments.  
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Norm Labor Productivity 
 Model 1 Model 2 Model 3 

Control variables b (SE) b (SE) b (SE) 

1.              Metal -.126 (.078) -.126 (.078) -.123 (.078) 

2.              Food -.173 (.114) -.173 (.114) -.179 (.115) 

3.  Textile -.157 (.083)* -.157 (.083)* -.170 (.084)** 

4. Construction -.308 (.161)* -.308 (.161)* -.332 (.162)** 

5.  Chemical .012 (.084) .012 (.085) .017 (.085) 

6. Machinery -.169 (.080)** -.169 (.080)** -.164 (.081)** 

7. Level of Education .083 (.13)*** .083 (.13)*** .038 (.13)*** 

8. Other Technologies .037 (.032) .038 (.033) .033 (.033) 

9. Ln Firm size .021 (.025) .022 (.027) .022 (.027) 

Independent/Moderator/Interaction variables 

1. ICT-investments   -.002 (.023) -.012 (.024) 

2. Training and development practices    .034 (.032) 

3. CNT_INT_ICT_TAD     .027 (.027) 

Model information 

F-value 3.017*** 2.690*** 2.404*** 

F-change  3.017*** .010 .980 

R2  .212 .212 .227 

R2 change .212 .000 .015 

N 203 203 203 

Note: * p < .1; ** p < .05; *** p < .01 
Table 11: Linear regression analysis 

4.5.2 – Moderating relation of HRM practices 

For the third model of this regression analysis, the moderating variable training and 

development practices is included. Next to training and development practices, also the 

interaction variable of ICT-investments*Training and development practices was included. The 

third model is used to test hypothesis 2 of this research which states “The more training and 

development practices used in an organization the greater the productivity benefits because of 

ICT investments”. This hypothesis was formulated based on findings by numerous researchers. 

For example, Bloom and Van Reenen (2007) found that HRM played a central role in enhancing 

productivity next to technological investments. Furthermore, Boenzi et al. (2015) found that 

the influence of human behavior on productivity has been underestimated, and a lot of 
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unrealistic assumptions have been used to simplify the human component. Hypothesis 2 

suggests that training and development practices in combination with investing in ICT, 

significantly affect labor productivity. To test hypothesis 2, besides the variable training and 

development practices, also the interaction term ICT-investments*training and development 

practices was included in model 3. 

 Model 3 explains 22,7% of the variance and the F change statistic was not significant 

(F (2, 98) = .980, p = .379). Where model 3 explains slightly more variance than model 2 (R2 

change = .015), this means that by adding the moderator and interaction variable the extra 

explained variance increases slightly. When looking at table 11 model 3 is significant (F (2, 98) 

= 2.404, p = .009). However, when looking at table 11 the interaction variable (ß = 0.27, t (98) 

= 1.003, p = .318) is not significant with the dependent variable labor productivity. Based on 

these results it can be noted that Hypothesis 2 is rejected. This means that using training and 

development practices in combination with investments in ICT does generally speaking not 

significantly affect labor productivity. This finding is the opposite of the literature discussed in 

chapter 2. There was discussed that training and development in combination with ICT 

investments would increase labor productivity. Several researchers came to this conclusion. For 

example, Drucker (1991) said “whether tools help productivity or harm it depends on what 

people do with them”. Furthermore, (Combs, 2002) found that by using automated tools, 

productivity will increase, but he also stresses that implementing planning and training were 

keys to success. The same was found by Bloom and Van Reenen (2007) who state while 

investing in technological capabilities is one of the possible means to enhance productivity, 

HRM systems are also of central importance. Last, Boenzi et al. (2015) concluded in their 

research that even though technology has changed the nature of work, the human part remains 

an important part of the process. 

 
 
4.5.3 – Bycatches in the results 

Some interesting bycatches were found during the regression analysis. As can be seen in table 

11, the industry sectors Textile (ß = -.170, t (98) = -2.024, p = .046), Construction (ß = -.332, t 

(98) = -2.043, p = .044) and Machinery (ß = -.164, t (98) = -2.023, p = .046) had a significant 

negative effect on labor productivity in comparison with the Electronic sector which served as 

the reference category. This would imply that the development of labor productivity differs 

between different sectors compared to the reference category. In other words, the development 

of labor productivity is, .170 times lower in the Textile industry, .332 times lower in the 
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Construction industry, and .164 times lower in the Machinery industry, compared to the 

Electronic industry. Possible explanations could be that within the Textile industry employees 

work on a production line, which has a limit to has fast it can go. Therefore, labor productivity 

is relatively stable and not easy to increase. In the construction industry, a lot of different parties 

are involved in the construction process. There are contractors, workers, suppliers of equipment 

and resources, lawmakers etcetera. This increases the chance of delays due to waiting for 

another party to complete their activities, hindering the productivity of labor. 

Furthermore, the control variable level of education had a significant effect on labor 

productivity (ß = .038, t (98) = 2.862, p = .005). This would mean that the development of labor 

productivity would differ between different educational levels. To put it in other words, the 

development of labor productivity is .038 times higher for more highly educated employees. 

The reason here could be that higher educated employees are better capable to work with and 

understand new ICT investments and therefore this will have a bigger effect on their labor 

productivity. For the other two control variables, there was no significant effect found. 

Therefore, firm size and other technologies do not influence labor productivity.  

 Also, looking at the influence of training and development practices on labor 

productivity as an independent variable instead of a moderator, this does not yield a significant 

effect (ß = .034, t(98) = 1.047, p = .298). This would indicate that training and development 

practices autonomously do not influence labor productivity. 

 

4.6 – Summary of the findings 

Here a summary will be given based on the findings of the regression analysis, this will be 

visualized in table 12 below. Regarding the first hypothesis, it can be concluded that the 

hypothesis can be supported. Therefore, it is assumed that ICT investments do not significantly 

positively relate to labor productivity. Regarding the second hypothesis, it can be concluded 

that the hypothesis is rejected. This implies that training and development practices in 

combination with ICT investments, do not significantly affect labor productivity. 

 

Hypothesis  Result 

H1 In the present study it is not expected ICT investments to be significantly 

positively related to labor productivity 

Supported 

H2 The more training and development practices used in an organization the 

greater the productivity benefits because of ICT investments 

Rejected 

Table 12: Summary regression results 
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Chapter 5 – Additional regression analysis 
 

The initial bi- and multivariate analysis revealed some fascinating results. However, because 

hypothesis 2 was rejected an additional regression analysis was conducted. Here, the goal was 

instead of analyzing isolated person-centered training and development practices rather 

examining productivity effects of training and development practices as an integral part of a 

‘workplace innovation approach’ (Pot, 2010), a ‘high performing work systems -approach’ 

(Amundsen et al., 2014) or an ‘organization innovation approach ’ (e.g., Damanpour 1991). For 

that purpose, a variable labeled ‘organizational innovation’ was constructed. This variable 

includes new organization of work practices (e.g., spatial re-arrangements of production steps), 

organizational work practices (e.g., integration of tasks); production management practices 

(e.g., methods of continuous improvement) and human resource management (e.g., promoting 

staff commitment). For more details see appendix 4. 

 The new moderating variable also includes organizational concepts that attempt to 

increase employee training and development to make employees better able to deal with and 

understand new ICT investments better. The difference with the initial items from the 

moderating variable is that the initial items were practices present in the organization. With the 

new variable also organizational concepts are included in the moderating variable. The practices 

are aimed at improving the competence of employees through training and development, the 

organizational concepts are there to support employees in their daily activities to work as 

efficiently as possible. In appendix 4 an overview is given of each question from the EMS 

(2018) that was used to construct the variable organizational innovation. The variable was 

constructed by including all items and using the compute function to create one variable. When 

looking at the descriptive statistics in table 15 it can be seen that that skewness (.401) and 

kurtosis (-.305) fall within the acceptable range and are therefore normally distributed (Field, 

2013). Furthermore, the range of the variable is min = 0 when no organizational innovations 

are present and max = 15, when all organizational innovations are present in the organization. 

Moreover, when looking at the mean statistic (5.3850) it shows that on average each 

organization has implemented 5 organizational innovations. 

 

 N Min Max Mean Skewness Kurtosis 

Organizational innovation 187 .00 15.00 5.3850 .401 -.305 
Table 15: Descriptive statistics organizational innovation 
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Next, a bivariate analysis is conducted to see whether there is any case of multicollinearity 

within the data. To check for multicollinearity within the data sample, the correlation matrix 

will be used to look for correlations between the different variables. The Pearson’s correlation 

matrix is presented in appendix 4. With the variable organizational innovation instead of 

training and development practices, there is still no sign of multicollinearity, because all the 

correlations are below the threshold of R = .85. In comparison to the initial bivariate analysis, 

there are some changes. In the additional regression, organizational innovation is now 

significantly correlated with the dependent variable labor productivity (.251) and the control 

variables other technologies (.185) and firm size (.227), where this was not the case in the initial 

analysis. This indicates that companies that make use of organizational innovation have higher 

labor productivity, use more other technologies and they are used more in bigger firms. Another 

important finding is that the moderating variable is significantly correlated with both the 

independent (.294) as the dependent variable (.251), showing some proof that the second 

hypothesis is correct. To test whether the moderating variable does significantly affect labor 

productivity, a multivariate analysis is necessary. 

 The additional multivariate analysis is conducted the same as the initial analysis, by 

using the hierarchical method. As can be seen in table 16, the variance explained in model 3 (F 

(12,103) = 2.697, p = .004) is 26.2% and the F-change statistic (F (2,91) = 3.320, p = .041) was 

significant. This indicates that model 3 has more explanatory value than model 2 without the 

moderating variable. However, the goal of this additional analysis was to check whether the 

same results would be found when the moderating variable would include more items. As can 

be seen in the table below, the interaction effect had no significant effect (ß = .007, t(91) = .985, 

p = .327) on labor productivity. This means that even with the moderating variable having more 

items included, hypothesis 2 is still rejected as no significant effect is found in the additional 

analysis. 

 One interesting result was found in the additional regression analysis. When the variable 

organizational innovation is included as an independent variable and not as moderator, it did 

result in a positively significant effect (ß = .019, t(91) = 2.229, p = .028). This would indicate 

that when an organization implements an organizational innovation, its labor productivity 

would increase by .019. Concluding, organizational innovation was not found to have a 

moderating effect on labor productivity, but an autonomous effect on labor productivity, after 

conducting the additional regression analysis. 
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Norm Labor Productivity 
 Model 1 Model 2 Model 3 

Control variables b (SE) b (SE) b (SE) 

1.              Metal -.133 (.083) -.132 (.083) -.128 (.082) 

2.              Food -.172 (.117) -.172 (.117) -.170 (.114) 

3.  Textile -.158 (.087)* -.158 (.088)* -.181 (.086)** 

4. Construction -.311 (.164)* -.311 (.165)* -.289 (.161)* 

5.  Chemical -.011 (.090) -.011 (.090) -.013 (.089) 

6. Machinery -.188 (.084)** -.188 (.085)** -.174 (083)** 

7. Level of Education .039 (.014)*** .039 (.014)*** .035 (.014)** 

8. Other Technologies .043 (.034) .042 (.034) .034 (.034) 

9. Ln Firm size .022 (.025) .021 (.028) .015 (.027) 

Independent/Moderator/Interaction variables 

1. ICT-investments   .002 (.024) -.012 (.025) 

2. Organizational innovation    .019 (.009)** 

3. CNT_INT_ICT_OI     .007 (.007) 

Model information 

F-value 2.751*** 2.451** 2.697*** 

F-change  2.751*** .010 3.320** 

R2  .208 .209 .262 

R2 change .208 .000 .054 

N 104 104 104 

Note: * p < .1; ** p < .05; *** p < .01 
Table 16: Additional regression analysis 
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Chapter 6 – Conclusion and discussion 
 

Chapter 6 will be the second-last chapter of this research. Here, an answer will be given on the 

research question based on the results from the quantitative analysis. In the first paragraph the 

two hypotheses will be discussed and after that the main research question will be answered. In 

the second paragraph, a discussion will be presented which will deal with the interpretation of 

the results and the contribution to the already existing knowledge. 

 

6.1 – Conclusion 

To give an answer on the main question of this research, first both hypotheses will be discussed. 

The first hypothesis is “In the present study it is not expected ICT investments to be significantly 

positively related to labor productivity”. After conducting a regression analysis (chapter 4.5.1), 

the results supported the hypothesis. There was no significant effect found between ICT 

investments and labor productivity. Therefore, this research is in line with recent literature by 

Cowen (2011) and Jones (2009) who found that investing in ICT does not increase the 

productivity of labor. Their reasoning is that ICT leads to more knowledge needed, and more 

knowledge being spread out over more people. Therefore, it does not increase the productivity 

of labor. 

 The second hypothesis of this research is as follows “The more training and 

development practices used in an organization the greater the productivity benefits because of 

ICT investments”. After conducting the regression analysis (4.5.2), the results rejected the 

hypothesis. These results go against the literature presented by among others, Drucker (1991), 

Bloom and Van Reenen (2007) and Boenzi et al. (2015), who stated that while technology has 

changed the work and world as we know, it is still dependent on the interaction with humans to 

work as good as possible. A possible explanation for the absence of an interaction effect could 

be that training and development practices are more effective in companies that have low 

educated employees. As low educated employees benefit and learn more from training and 

development practices, those companies with low educated employees would see a bigger effect 

on their labor productivity when training and development practices would be implemented in 

combination with ICT investments, than those companies with highly educated employees. 

After the initial regression analysis, for the second hypothesis an additional analysis was 

conducted to see whether the results would change when the moderating variable included new 

organization of work practices, organizational work practices, production management 
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practices and human resource management. Here the moderating variable was still had no 

significant effect on labor productivity (chapter 5), again rejecting hypothesis 2. However, an 

interesting result was found in the additional analysis. As opposed to the initial analysis, 

organizational innovation was found to have a significant effect on labor productivity as an 

independent variable instead of a moderating variable (chapter 5). 

 Based on the results of the regression and after checking the hypotheses, the main 

question can be answered. The main question of this research is “To what extent does investing 

in ICT influence labor productivity in Dutch manufacturing firms, and how is this relationship 

influenced by training and development practices?”. The main question consists of two parts, 

first the influence of investing in ICT on labor productivity, and second whether this relation is 

influenced by training and development practices. For the first part, no significant effect was 

found between ICT investments and labor productivity. Therefore, investing in ICT does not 

have any influence on the labor productivity within Dutch manufacturing firms. The second 

part looks at whether the first relation was influenced by a firm’s extensiveness of training and 

development efforts. Again, no significant effect was found between the moderator training and 

development on labor productivity. Therefore, investing in ICT in combination with training 

and development practices, does not increase labor productivity in Dutch manufacturing firms. 

What can be noted here is that after conducting an additional analysis, a significant effect was 

found when the moderator was included as an independent variable instead of a moderator. 

Therefore, the results suggest when training and education policy is embedded in a renewal 

strategy this will affect the labor productivity in Dutch manufacturing firms.  

This can be compared to the dynamic capabilities theory by Teece, Pisano, and Shuen 

(1997). They describe dynamic capabilities theory as the firm’s ability to integrate, build, and 

reconfigure internal and external competences to address rapidly changing environments. The 

comparison can be made, because when training and development practices was reconfigured 

and new organization of work practices, organizational work practices, production management 

practices and human resource management were integrated into a new variable organizational 

innovation it created a new dynamic capability. Where training and development practices 

showed no significant effect, the integrated variable showed a significant effect, indicating it as 

a dynamic capability. 

 Concluding, concerning the main question, investing in ICT does not influence the labor 

productivity in Dutch manufacturing firms, and this relation is also not influenced by training 

and development practices. Moreover, organizational innovation was found to have a direct 
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significant effect on labor productivity, meaning that organizational innovations do increase 

labor productivity in Dutch manufacturing firms. 

 

6.2 – Discussion 

As this research has revealed results based only on quantitative data, it can only be interpreted 

in a basic manner. No underlying reasons to why investing in ICT has no influence on labor 

productivity can be researched. This could be further researched by conducting a qualitative 

research. What the underlying reasons are is open for speculation, which will not contribute to 

the existing literature. What this research does contribute to the existing literature is that is 

provides a statistical point of view in the debate and is in line with results found by Jones (2009) 

and Cowen (2011) that investing in ICT does not increase labor productivity. Whether the 

reasons Jones (2009) and Cowen (2011) gave, that ICT leads to more knowledge needed, and 

more knowledge being spread out over more people and therefore it does not increase the 

productivity of labor, also hold in the context of this research cannot be concluded. Also, this 

research has shown that by integrating certain practices and organizational concepts, new 

dynamic capabilities can be created that can be beneficial for organizations. This is in line with 

the dynamic capabilities theory as developed by Teece et al. (1997). In this research, integrating 

training and development resources with new organization of work practices, organizational 

work practices, production management practices, and human resource management, created 

the new dynamic capability organizational innovation, which created higher labor productivity 

within organizations. 

 Furthermore, this research has found that there is no moderating effect of training and 

development practices, which partially contradicts with the research presented in chapter 2.4 

and 2.5. Here, existing research was shown that has found that HRM practices together with 

investing in ICT leads to an increase in labor productivity (Bloom & Van Reenen, 2007; Boenzi 

et al., 2015; Combs, 2002; Johanim et al., 2013). Where they looked at HRM practices or a 

subset of HRM practices, none looked only at training and development practices. Therefore, 

this research does not completely reject those earlier research as different practices were used 

in each research. Also, when organizational concepts were added to training and development 

practices a significant effect was found, further underlying the difficulty in rejecting the earlier 

research.  
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Chapter 7 – Implications, limitations, and future research 
 

In this chapter the implications and limitations the research faced and directions for future 

research will be discussed. The implications of this research will be divided into theoretical 

implications, what this research contributed to the existing knowledge on the topic, and into 

practical implications, which highlights how the results can be interpreted into practice. In the 

second paragraph the limitations that this research faced will be given. Finally, this chapter will 

end with some directions for future research. 

 
7.1 – Implications 

7.1.1 – Theoretical implications 

This research has contributed to the discussion in the already existing literature about the 

influence of ICT investments on labor productivity. This research attempted to help in 

discovering what the relation is between investing in ICT and its influence of labor productivity. 

The starting point of this research was the so called “IT productivity paradox” (Hajli et al., 

2015). This paradox describes the situation where investments and expenses within the field of 

ICT increased, while productivity growth stagnated. This paradox was in accordance with 

several earlier publications whose research also found no relation between ICT investments and 

labor productivity (Cowen, 2011; Drucker, 1991; Inklaar, 2019a, 2019b; Jones, 2009; Lewis, 

2002; Solow, 1987). This study confirmed the “IT productivity paradox”, as it found that there 

is no relation between investing in ICT and an increase in labor productivity. 

 Besides the relationship between ICT investments and labor productivity, this research 

also checked whether this relation was moderated by training and development practices. 

Drucker (1991) already stated the importance of human work in his research, multiple 

researchers agreed with him (Bloom & Van Reenen, 2007; Boenzi et al., 2015; Bourke & 

Crowley, 2015; Chuang & Graham, 2020; Combs, 2002). This study rejected the earlier 

research as this research found that training and development practices has no significant effect 

on the relation between ICT investments and labor productivity. 

 However, after conducting an additional analysis, where the moderating variable 

included new organization of work practices, organizational work practices, production 

management practices and human resource management, a significant effect was found when 

organizational innovations was included as an independent variable instead of a moderating 

variable. This would mean that implementing organizational innovations would increase the 

labor productivity of employees. 
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7.1.2 – Practical implications 

The results of this research also have practical implications. For example, this study has 

revealed that investing in ICT does not increase labor productivity. Therefore, when an 

organization wants to increase its labor productivity, this cannot be done by simply investing 

in ICT. As this study also revealed that training and development practices has no influence of 

the relation between ICT investments and labor productivity, implementing them together will 

not increase the labor productivity of employees. Furthermore, this research found that there is 

an autonomous effect of organizational innovation on labor productivity. Therefore, when 

organizations want to increase their labor productivity, implementing organizational innovation 

will be a good start. 

 

7.2 – Limitations 

Just as any other research, this research faces some limitations which will be addressed here. 

These limitations must be considered when interpreting the results of this study. A first 

limitation is the use of the EMS survey for the quantitative analysis. As this survey was not 

specifically developed and conducted for this research, it will lower the validity of the research. 

The reason for this is that the variables used in this study had to be based on questions from the 

EMS (2018) survey. As this is secondary data, this faces some limitations earlier mentioned in 

paragraph 3.2. Furthermore, all investments in ICT were included in the construction of the 

variable ICT-investments, not those which were invested in recently. Respondents could answer 

when they implemented an ICT investment, however, these could range from implemented in 

1990 till 2020. As the year of investing was not implemented or controlled for, the validity of 

the results is reduced. Moreover, when an investment was made over 20 years ago, it can be 

questioned whether you can still consider it as an investment. Also, it is impossible to interpret 

the influence of an investment made 20 years ago in the current state. Because the year of 

introduction was not a variable in this research, this cannot be controlled for. Where it was 

asked in the survey whether the technology was upgraded recently, it was not controlled for in 

this research. If both the year of introduction and if the technology was upgraded recently, were 

controlled for, it would have had consequences for the number of respondents suitable for this 

research. 

A second limitation this study faces is that its results can only be generalized to 

companies within the Dutch manufacturing industry, as all respondents worked in this industry. 



 49 

Therefore, the results of this research cannot be copied into any other industry in the 

Netherlands or manufacturing industry in another country. 

A third limitation of this study is that not all possible investments in ICT or every 

training and development practice is included into this research. Only those that were included 

in the EMS (2018) were researched. Therefore, to conclude on the relation and influence of ICT 

investments and training and development practices on labor productivity need some 

precaution. With other subsets of ICT investments and training and development practices the 

results could be different. Furthermore, the EMS (2018) distinguishes between organizations 

with proportionally a lot and few ICT technologies. What is not accounted for is the complexity 

of those ICT technologies, to the extent that this is measurable. Therefore, it cannot be 

controlled whether there are different results for ICT technologies that are more complex, and 

therefore harder to use and ICT technologies that are simple and easier to use.  

 

7.3 – Future research 

Based on the results of this research, some future research directions are identified. As this 

research only conducted a quantitative analysis, the underlying reasons to why the results are 

what they are cannot be investigated further. Therefore, the results could be complimented by 

conducting a qualitative research to find patterns and underlying reasons. There is also the 

possibility that the qualitative analysis would yield different results, where it could be looked 

as to why this is the case.  

 Also, it could be better to develop a survey specific for this research instead of using 

secondary data. Then it would be possible to ask more specifically to what the researcher wants 

to know and include as much items as needed or possible. By doing this, more accurate and 

complete data and results could be found. For example, a specific survey could include more 

items for each variable included in this research. When more ICT investments and 

organizational innovation items are included, this will increase the validity of the research. 

Also, this will make it possible to ask more about the control variables, for example, include 

more other technologies. Moreover, a longitudinal case study could be conducted, where the 

researchers follow a few companies. Here, they can research in how investing in ICT influences 

labor productivity and see what the influence of training and development practices have on 

this relation. This makes it possible for the research to see developments over time and it will 

increase the validity of the research. 

 For this research only the Dutch data was used out of the EMS (2018), where more 

countries within Europa were researched. A future research could see whether there are 



 50 

differences between two or maybe more countries in Europa. Here, you could see which country 

performed best and why, to help those countries lagging to catch up.  
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Appendixes 

Appendix 1 – EMS survey (2018)  
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Appendix 2 – Operationalization quantitative analysis 
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Type of 
variable 

Variable name Item  min max Measurement 
level 

Notes 

Dependent Labor productivity 
(value added per 
employee) 

Sales 2017 0 ∞ Ratio million €  (see appendix 1 
question 17A) 

Inputs (purchased parts, material, raw 
materials, operating supplies, services) 

0 ∞  Ratio million € (see appendix 1 
question 17D) 

Number of employees 2015 10 ∞  Ratio See appendix 1 question 17B 
Independent 

  

  

  

  

IC
T 

in
ve

st
m

en
ts

 

Production 
control 
Digital 
factory 

Mobile/wireless devices for 
programming and controlling facilities 
and machinery (e.g., tablets) 

0 1 Nominal See appendix 1 question 9.1-A 

Digital solutions to provide drawings, 
work schedules or work instructions 
directly on the shop floor 

0 1 Nominal See appendix 1 question 9.1-B 

Digital Exchange of product/process 
data with suppliers / customers 
(Electronic Data Interchange EDI) 

0 1 Nominal See appendix 1 question 9.1-D 

Near real-time production control 
system (e.g., Systems of centralized 
operating and machine data 
acquisition, MES) 

0 1 Nominal See appendix 1 question 9.1-E 

Virtual Reality or simulation for 
product design or product development 
(e.g., FEM, Digital Prototyping, 
computer models) 

0 1 Nominal See appendix 1 question 9.1-H 

Automatic 
storage 
operating 
data 

Optimizing production processes  0  1 Nominal  See appendix 1 question 10.1-
A 

Planning resource utilization and 
application 

0 1 Nominal See appendix 1 question 10.1-
B 

Planning maintenance and repairs 0 1 Nominal See appendix 1 question 10.1-
C 

Preparing productivity or key 
performance indicators 

0 1 Nominal See appendix 1 question 10.1-
D 

Other use 0 1 Nominal See appendix 1 question 10.1-
E 

Moderator HRM practices Instruments to promote staff loyalty 
(e.g., attractively designed 
responsibilities, offering learning 
opportunities, flexible working hours, 
childcare) 

0 1 Nominal See appendix 1 question 7L 

Training on the job (e.g., job rotation, 
organized exchange 
of experiences with colleagues, TWI) 

0 1 Nominal See appendix 1 question 7M 

Existing competences of production 
employees are systematically recorded 

0 1 Nominal See appendix 1 question 7.1-A 

Job descriptions are developed for 
specific function areas in production 

0 1 Nominal See appendix 1 question 7.1-B 

Specific competency programs are 
available 

0 1 Nominal See appendix 1 question 7.1-C 

Policy for competence development 
and training for production personnel 

0 1 Nominal See appendix 1 question 7.3 
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Set number of days per year 
designated for qualification, training 
and development of the production 
personnel 

0 365 Ratio See appendix 1 question 7.4 

Control Other technologies Industrial robots for manufacturing 
processes (e.g., welding, painting, 
cutting) 

0 1 Nominal See appendix 1 question 9.1-I 

Industrial robots for handling 
processes (e.g., depositing, 
assembling, sorting, packing 
processes, AGV) 

0 1 Nominal See appendix 1 question 9.1-J 

3D printing technologies for 
prototyping (prototypes, demonstration 
models, 0 series) 

0 1 Nominal See appendix 1 question 9.1-K 

3D printing technologies for 
manufacturing of products, 
components and forms, tools, etc.) 

0 1 Nominal See appendix 1 question 9.1-L 

Technologies for recycling and re-use 
of water (e.g., water recirculating 
system) 

0 1 Nominal See appendix 1 question 9.1-M 

Technologies to recuperate kinetic and 
process energy (e.g., waste heat 
recovery, energy storage) 

0 1 Nominal See appendix 1 question 9.1-N 

Industry Machinery 0 1 Nominal See appendix 1 question 2.1 

Electronics 0 1 Nominal “  

Food 0 1 Nominal “  

Construction 0 1 Nominal “  

Equipment 0 1 Nominal “  

Chemistry 0 1 Nominal “  

Firm Size Number of FTE employees except 
temporary workers 

1 ∞ Ratio See appendix 1 question 17B 

Level of Education % University/college degree, graduates 0 100  Interval See appendix 1 question 8.1 

% Technicians, skilled workers 0 100  Interval “  

% Employees with commercial 
or technical/industrial training 

0 100  Interval “  

% Semi-skilled and unskilled workers 0 100 Interval “ 

% Technical/industrial or 
commercial apprentices 

0 100  Interval “  
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Appendix 3 - Test of assumptions 

To be able to perform a linear regression, some assumptions need to be met. The assumptions 

for linear regression that need to be met are as follows: linearity, homoscedasticity, 

independence of errors, and normally distributed errors (Field, 2013). First there is linearity, 

which according to Field (2013) is when the relation between the dependent and independent 

variable is linear. To check whether the relation is linear a scatterplot is used. The scatterplot 

was built with the standardized residuals (ZRESID) on the Y-axis and the standardized 

predicted (ZPRED) values of labor productivity on the X-axis. The scatterplot can be found in 

figure 3 below, and as can be seen there is no pattern in the data. Therefore, it can be assumed 

that the assumption of linearity is met. Another use for the scatterplot is to check for 

homoscedasticity, which means that the variance of the residual terms must be constant for all 

the independent variables (Field, 2013). When checking the scatterplot is can be seen that this 

is the case. For each predicted value the standardized residual remains constant. 

 To check the third assumption independence of errors, which is a situation where the 

residuals of two observations are uncorrelated (Field, 2013). This assumption can be tested by 

conducting a Durbin-Watson test. The threshold here is that it is a problem when the value is 

less than 1 or greater than 3. When the value is above 2 it indicates a negative correlation and 

below 2 a positive correlation. As can be seen in table 13 below the Durbin-Watson test has a 

value of 1.962, indicating that the assumption of independence of errors is met and that it is a 

positive correlation. To test the last assumption, normally distributed errors, a P-P plot is used. 

Normally distributed errors assumes that the residuals in the model are random, normally 

distributed variables with a mean of 0 (Field, 2013). As shown in figure 4 below, when looking 

at the P-P plot the residuals are following the line closely, with some slight deviation. Therefore, 

it can be assumed that this assumption was met as well. 

 Finally, at the bivariate analysis it was concluded that there was no case of 

multicollinearity. This was also supported by the multivariate statistics. This was checked using 

the VIF and Tolerance values, which need to be respectively <10 or >.1 (table 14). This further 

proves that there is no multicollinearity within the data sample. 
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Figure 3: Scatterplot 

 
Table 13: Durbin-Watson test 

 
Figure 4: P-P plot 
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Table 14: Coefficients model 1,2 and 3 
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Appendix 4 – Additional regression analysis 

 
Construction moderating variable 

Question number Indicator 

7A Standardized and detailed work instructions 

7B Measures to improve internal logistics 

7C Fixed process flows to reduce setup time or 

optimize change-over time 

7D Integration of tasks 

7E Production controlling following the Pull 

principle 

7F Display boards in production to illustrate 

work processes and work status 

7G Methods of assuring quality in production 

7H Certified quality standards 

7I Certified energy management system 

7J Methods of operation management for 

mathematical analyses of production 

7K Certified environmental management system 

7L Instruments to promote staff loyalty (e.g., 

attractively designed responsibilities, 

offering learning opportunities, flexible 

working hours, childcare) 

7M Training on the job (e.g., job rotation, 

organized exchange 

of experiences with colleagues, TWI) 

7R Experimentation for employees in the 

production 

7S Instruments to maintain elderly employees 

7U Broad-based employee financial 

participation schemes 
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Pearson’s correlation matrix additional regression 

  

IC
T

-
investm

ents 

N
orm

 
Labor 

productivity  

O
rganizational 

innovation  

M
etal  

Food 

Textile  

C
onstruction  

C
hem

ical  

M
achinery 

Electronic 

Level 
of 

education 

O
ther 

technologies 

Firm
 size  

ICT-
investments 1                         

Norm Labor 
productivity .074 1                       

Organizational 
innovation .294** .251** 1                     

Metal -.044 -.051 .062 1                   

Food -.049 -.134 -.004 -.150* 1                 

Textile -.054 -.136 .070 -.202** -.123 1               

Construction -.008 -.113 .001 -.079 -.048 -.065 1             

Chemical .054 .145 -.029 -.190** -.116 -.156* -.061 1           

Machinery .088 -.116 -.096 -.242** .147* -.199** -.077 -.187** 1         

Electronic -.004 .165 -.001 -.272** -.166* -.224** -.087 -.210** -.268** 1       

Level of 
education .081 .289** .180* .120 -.080 .023 .052 .015 .001 -.111 1     

Other 
technologies .168* .154 .185* .094 -.048 -.185** .114 .030 .096 -.061 .053 1   

Ln Firm size .314** .097 .227** -0.65 .094 -.074 .030 -.103 .159* -.018 .301** .136 1 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

 


