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Abstract: This paper discusses the recent changes of the working world through an exploratory 

study of recent academic literature on the implications of the knowledge work trend for the workers 

in manufacturing industry. Manufacturing industry needs to offer new perceptions of production 

work – and redeem the made promises. Introducing knowledge work tools to shop-floor production 

workers can have several motivations, such as improving employee productivity and improving 

competence management through increasing learning and collaboration at work, empowering 

employees, and increasing employee satisfaction. However, many changes in the work environment 

call for fundamental changes in attitudes and management of production work, which makes it 

challenging to identify those tools and mechanisms that allow matching the worker needs and firm-

level competence management. Therefore, the aim of this study is to address the changes in working 



environments, and see how implementing knowledge work tools can be harnessed for reaching 

favorable outcomes and optimal alignment. 
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1. Introduction 

This paper discusses the recent changes of the working world. In particular, attention is turned to the 

implications of the knowledge work trend for the workers in manufacturing industry. There has been 

a progress in many economies from a society of farmers, to a society of factory workers, to a society 

of knowledge workers (Shapiro and Varian 1999, David and Foray 2002). According to Pink (2008, 

49), we live now in a society of creators and empathizers, of pattern recognizers and meaning 

makers. At the same time, there has been a move from local production within one company to 

global production and sourcing in networks of organizations (Castells 1996, Chesbrough 2003). 

Among the changes is that with the increasing complexity of products and importance of product- 

and production-related knowledge, knowledge work tools are introduced at all levels of 

manufacturing organizations. Thus, also production workers are becoming knowledge workers and 

expectations regarding their skills are becoming more demanding (Armbruster et al., 2007).  



The above mentioned fits well to the notion that in order to attract the young generation of the 2000’s 

in industrialized countries as potential employer, manufacturing industry needs to offer new 

perceptions of production work – and redeem the made promises (Kuivanen 2008, Karl and 

Peluchette 2006, Tews et al. 2012, Backhaus 2004, Lievens and Highhouse 2003). Future workplaces 

will be considerably different from those of today since the trends in working and employment are 

moving for example towards more flexibility, distant working, fast career shifting, and utilization of 

new technologies replacing some of the old work but also providing opportunities for new 

employment  (Mack 2014). At the same time, the expectations of the young generations regarding 

the content and conditions of working, as well as employers’ management processes are getting 

higher; it is not just about gaining basic income (Cisco corp. 2014). The traditional perception of 

manufacturing work as heavy, noisy, and sometimes unclean routine work at the production line has 

to be replaced with an understanding of the factory of the future with advanced manufacturing 

technologies and extensively knowledge-intensive management processes utilizing real-time 

information as basis for complex decision-making (Kuivanen 2008, Lampela and Papinniemi 2013). 

Based on the above discussion, introducing knowledge work tools to shop-floor production workers 

can have several motivations, such as improving employee productivity and improving competence 

management through increasing learning and collaboration at work, empowering employees, and 

increasing employee satisfaction.  

Introducing knowledge work tools to shop-floor production is not straightforward activity, however. 

Knowledge work depends in many respects on the skills, behaviors, attitudes and motivations (i.e. 

competences) of those who undertake and manage it (Blackler, 1995). Therefore, the management of 

knowledge work requires a different approach compared to traditional industrial work. Furthermore, 

the productivity of knowledge work is one of the key issues for change from the managerial side 

(Davenport et al, 1995, Maruta, 2012). It cannot be taken for granted that the needs of employees and 

the management of competences match. 



In fact, the separation between knowledge work and traditional production work in manufacturing 

industry has been long-standing in the literature (Maruta 2012, Alvesson 2004, Davenport et al., 

1995). The problem is that the distinction between the two concepts is still often vague. This also 

means that the premises of transforming organizational processes and management practices from 

traditional forms into knowledge-based forms are less than clear (Alvesson 2004). Therefore, the aim 

of this study is to identify important theoretical views and factors, as well as further research 

questions related to the change of production work and to the introduction of knowledge work tools, 

especially from an individual worker and competence management viewpoints.  

This study creates an initial framework of focal concepts and their possible linkages and limitations 

to guide further research work on the subject in an empirical context. The study incorporates multiple 

interdisciplinary research perspectives such as knowledge management, human resource 

management and advanced manufacturing environments, thereby bringing together elements from 

the extant theoretical discussion on knowledge work in manufacturing. The previous research on the 

topic seems to be scattered in the literature, and further understanding of the phenomenon is needed 

to map the relevant theoretical starting points and to focus future research work.  The research is 

carried out as a desk study, analyzing literature sources and utilizing researcher triangulation in 

building a rich picture of the topic. The method can be described as exploratory, with low level of 

preliminary expectations. Instead of systematic literature review, a more narrative approach is taken 

(Baumeister and Leary 1997).  

The research question this study addresses is:  

 How requirements posed by changes in work trends can be met by matching individual 

worker needs to competence management at firm-level? 

 



This question can be divided into two complementary parts: 

 Which factors affect individual worker needs in implementing knowledge work tools in 

manufacturing? 

 How can organizations respond to changing worker needs and new competence requirements 

through implementing knowledge work tools in manufacturing? 

This study is a part of an EU-funded Factories of the Future project “Worker-centric workplaces in 

smart factories” (Facts4Workers). The primary goal of the project is to develop, pilot and evaluate a 

worker-centred smart factory solution that will connect workforce, organisation, management and 

technology. The aim is to support new models of work optimization, and utilization of production 

systems from a knowledge-based perspective. One of the main objectives is to increase cognitive job 

satisfaction of workers on the factory floor and to improve their working conditions in terms of 

safety, work organization and well-being. Cognitive job satisfaction is judged by how well certain 

facet of a job satisfies the holder’s objectives. By giving workers usable tools with dedicated worker-

computer interfaces that allow them to find, use and contribute to that information on their terms, it 

is possible to increase both worker productivity and aspects of their job satisfaction and motivation. 

The project develops technologies focusing on workers’ and organizations’ needs and requirements 

for information and knowledge-based support in manufacturing (Facts4workers, 2014). Thus, the 

results of the study will provide valuable new insights for further research work in developing these 

worker-centric solutions and tools, as well as for management practice especially in manufacturing 

companies. 

In the following, we will first discuss knowledge work in manufacturing in the light of different 

knowledge environments and competence and knowledge management generations, and then address 

the aspects of worker needs and needs assessment, followed by discussion on the possible 

organizational responses needed. Discussion on the findings suggests how the alignment of the 



worker needs and organizational responses in competence management happens, and how 

knowledge work tools can contribute to this.  Suggestions for further research conclude the paper. 

2. Knowledge work in manufacturing  

2.1 Knowledge environments in organizations 

While the overall increase in knowledge work also in manufacturing can be seen, what makes the 

situation more complex is that knowledge environment can take different forms and have different 

dimensions. Table 1 below summarizes the three types of knowledge environments identified by 

Ståhle and Grönroos (2000). The mechanic environment is maintenance type of environment. 

Organizations are seen as ordered, regularly functioning, machine-like organizations. The common 

features are a clear hierarchy, predetermined objectives, emphasis on codified knowledge, and one-

way, that is, top-down, information flows. Change is not welcomed and requirements for personal 

communication are also minimized. Knowledge environment could be also organic. Organization 

follows the logic of open systems that depend on constant interaction, and knowledge is tacit and 

experiential. Organic organization seeks controlled growth and continual change. In the organic 

environment relationship between individuals plays important role. The dynamic environment, in 

turn, is the platform for innovation and radical change. It is based on network structure, confidential 

relations, rich and chaotic flow of the information. According to Ståhle and Grönroos (2000), there 

could be dynamic environment also within the organization, if a specific part of the organization is 

flexible, fast reacting, and innovative. Knowledge in this type of environment is intuitive and 

potential, meaning that it is based on intuitive premonitions that demand analyzing to becoming 

knowledge. Dynamic environment is complex and therefore difficult to control. 

 

 



Table 1.The three knowledge environments (Ståhle and Grönroos 2000, 127.) 

Knowledge environments Mechanic Organic Dynamic 

Objective Permanence Managed growth Continuous innovation 

Knowledge Defined, explicit Experiential, hidden, tacit Intuitive, potential 

Relations One-way Multi-way Chaotic 

Information flow Orders from management Dialogue, agreed working 

methods, self-assessment 

Networking skills, visions 

 

Usually traditional production work appears to be connected to highly mechanic organizations, 

which are required to operate quickly and routinely according perfectly controlled action chains. 

However, the aim of this study is to address the changes in working environments. Every 

organization includes all three types of knowledge environments. The main point is to find out an 

optimal combination. Different strategies require different knowledge environment approach. 

Nevertheless, this knowledge environment model helps to identify the relevant focus areas for 

achieving desired objectives, and it may also be relevant in terms of identifying optimal competence 

management approaches. 

2.2 Three generations of competence and knowledge management 

From the literature on competence management and knowledge management, Hong and Ståhle 

(2005) have identified the conceptual views that seem to form the major streams of development 

within competence management. They have presented a model of the three generations of 

competence and knowledge management (see Table 2 below). These generations of the competence 

and knowledge management help to find out how to manage knowledge and competence to reach 

organizational goals in different knowledge environments: the first generation supporting mechanic 

view, second generation is more like an organic environment and third generation exhibits a highly 

dynamic environment. 



Table 2. The three generations of competence and knowledge management (based on Hong & Ståhle 

2003, Hong & Ståhle 2005, see also Hyrkäs & Hong 2007) 

 1stGeneration: 

Competencies as mapping 

the resources 

2nd Generation: 

Competencies as 

preparation for future 

challenges 

3rd Generation: 

Competencies as 

innovative new functional 

processes. 

Key tools 

(Snowden, 2002; Tuomi, 

2002) 

Information systems, 

IC accounting,  

Competence mapping 

 

Social learning, 

Communities of practice, 

Tacit-explicit knowledge 

conversion (Nonaka’s SECI 

model) 

Motivation of others and 

open innovation 

The character and 

components of the 

knowledge   

(Ahonen et al, 200; 

Blackler ,1995; 

Kakabadse et al, 2003) 

Knowledge as discrete, 

measurable and codifiable 

skills, 

Skills needed at present 

Knowledge embedded and 

constructed in collective 

practices, 

Preparing for the 

challenges of the near 

future 

The capacity to create new 

knowledge and 

innovations,  

Self-organizing capability 

 

Main points Locating and capturing 

knowledge 

Sharing and transferring 

knowledge 

Generating new knowledge 

 

These steps can also be relevant when considering the developments from traditional to knowledge-

based forms of work in manufacturing. On the first level the task is to acquire the equipment for 

gathering data from employees. This approach could be termed competence as mapping resources.  

This approach matches the mechanic knowledge environments. The second generation approach 

assumes that competence is the ability to use, share, and manage resources/competences. This could 

be called competencies as to prepare for future challenges. This approach emphasizes the 

importance of social learning and practical cooperation, thereby matching better to the organic and 

dynamic environments. On the third level, that takes competencies as innovative new functional 

processes, the organization should have the capacity to create new knowledge and innovations, and 

self-renewal, creativity and cooperation are important strands. An organization cannot renew itself if 

it does not know what kind of competence it already has: it also has to have the ability to foster 



cooperation and collaborative learning. The generations of competence management are overlapping 

structures that are based on each other. (Hong & Ståhle 2005, see also Hyrkäs & Hong 2007) 

Competence and knowledge management deal with constant change. Wenger (2000, pp. 226) argues 

that knowledge is primarily about communication: "knowing… is a matter of displaying 

competencies defined in social communities", while for Leonard-Barton (1995, pp. 3) knowledge is 

always in a state of flux and actually a source of new ideas and innovation: 

”Knowledge accumulates slowly, over time, shaped and channeled into certain directions 

through nudging of hundreds of daily managerial decisions. Nor does knowledge occur only 

one time; it is constantly aborning… knowledge reservoirs in organizations are not static 

pools but well-springs, constantly replenished with streams of new ideas and constituting an 

ever-flowing source of corporate renewal.” 

One of the core topics of knowledge management, knowledge creation, is a central issue in 

organizational learning, while the key topic of organizational learning, organizational diffusion of 

innovations and practices, is a major topic in knowledge management (Lämsä, 2008). According to 

Teece (2000), the fundamental core of knowledge management is the development and astute 

deployment and utilization of intangible assets, of which knowledge, competence, and intellectual 

property are the most significant. Sanchez and Heene (1997) point out that the management of 

information and knowledge, and the related assertion of organizational learning, are absolute key 

questions in strategy work. Therefore, they are in the heart of knowledge work, and a range of tools 

are needed and can be valuable in the transformation of manufacturing.  

2.3 Competences and knowledge work in smart factories 

Factory environments have evolved rapidly in recent years with the introduction of smart 

technologies enabling real-time data, machine to machine communication and advanced human-



machine interfaces (Mital et al. 1999). The concepts of “factory of the future” and “smart factory” 

have been developed to describe a production system based on advanced manufacturing and 

information and communication technologies (Hessman 2013, Zühlke 2010). The possibilities 

provided by, e.g., the internet of things, big data, social data gathering, etc. in a factory context are 

still on a conceptual level. Although the technology exists, the ways utilize to it and the 

organizational processes to support the utilization need to be created. Especially from the point of 

view of user acceptance of new technology, modifying the work processes and practices is essential 

(Zühlke 2010). 

In smart factories, the underlying idea highlights the importance of information and knowledge 

processes and efficient utilization of knowledge on all levels of operations, not only in process 

control and management (Hessman 2013). This will have profound effects also on the job content of 

production workers, who will increasingly perform tasks that are typically regarded as knowledge 

work: information and knowledge processing, decision-making and problem-solving. However, the 

factory context, the tasks performed at the production line and the physical environment differ 

considerably from the typical office environments designed for knowledge workers. These 

differences have to be taken into consideration, when designing a system to support knowledge 

work.  

It can be seen that the content of the production work is changing from well-documented routine 

tasks performed alone, increasingly towards situation-dependent innovative problem-solving in 

collaboration with others. New technologies and tools are introduced, and both of these 

developments set new requirements to the competences of the workers, as well as to the competence 

and knowledge management practices of the organizations that should match the worker needs 

(EFFRA, 2013). 

 



3. Worker needs and needs assessment 

3.1 Work motivation 

The above described characteristics of knowledge work suggest that the workers are in a central role. 

Therefore, how they perceive knowledge work is of relevance considering its success. Work 

motivation is naturally to be reckoned with. Maslow implemented The Hierarchy of Needs in 1954, 

and is the most often cited model when discussing human motivation. The Maslow’s motivation 

model is a five-level pyramid. The lower level needs must be met before progressing to higher level 

needs on the hierarchy. The levels are: 

1. Physiological Needs are considered as the basis of the hierarchy and basic needs of 

individuals that include air, food, water, sex, and shelter.  

2. Safety Needs are having the feeling of being safe and protected against danger and harm.  

3. Social Needs are inclusive of having a sense of belonging and being loved. A person needs 

safety, love, respect, and the need to belong in order to be motivated.  

4. Esteem Needs are inclusive of attention, confidence, freedom, independence, recognition, 

and self-respect. According to McClelland (2001) the need for achievement (n Ach) is also 

included in esteem needs.  

5. Self-actualization Needs are defined as "experiencing fully, vividly, selflessly, with full 

concentration and total absorbtion" (Maslow, 1965, p. 111). Self-actualization is the 

highest level of the Maslow’s pyramid. 

McClelland's (1988) theory focuses on individuals with an increased level of need for achievement 

(n Ach), which leads to an increased level of self-esteem. These kinds of individuals are always 

seeking ways to achieve new successes regardless of their surroundings. The theory identifies that if 



a need is powerful enough within an individual, it can positively affect the intrinsic motivation of the 

individual to demonstrate behavior which leads to satisfaction to accomplish the need. McClelland 

also categorized humans into two categories: (1) those individuals faced with many adversities and 

challenges, but have developed a mindset to overcome those challenges to achieve success and (2) 

those who have no concerns or worries, nor a need to overcome challenges. 

Motivation does not always lead to creating a cash incentive; however, it does lead to providing a 

path that allows individuals to distinctively express themselves and feel a sense of accomplishment 

and value (Wendover, 1995). At the same time, intrinsic motivation is defined as being laboriously 

progressing toward a goal for an individual's sake. Wendover (1995) indicated that individuals 

cannot motivate people, but can provide the stimulus for people to motivate themselves. These issues 

can be recognized in competence management practices. Acknowledging Maslow's Hierarchical 

Model, individuals must have their basic needs met, in order for motivation to increase. Although 

intrinsic motivation is linked to one's free will, extrinsic motivation depends on the attitude, 

behavior, and the perception of the individual (Hidi & Harackiewicz, 2000). Extrinsic motivation 

typically is an external factor that develops and extends beyond the activity itself (Prospero & 

Vohra-Gupta, 2007). 

3.2 Job satisfaction 

 Moving closer to work-related aspects, according to Spector (1994) job satisfaction can be defined 

as the extent to which people like (satisfaction) or dislike (dissatisfaction) their jobs. The concept of 

job satisfaction can be contributed to the psychological well-being at work (Robbins et al. 2003). Job 

satisfaction is the state in which employees feel pleasure from their jobs. It is the positive and 

emotional state of the employee as a result of the appraisal of his or her job and performance (Shaikh 

et al. 2012). The meaning of job satisfaction varies (Fritzsche and Parrish, 2005) from the feelings a 

worker has about his/her job (Smith et al., 1969) to “an effective reaction to a job, that results from 



the incumbent’s comparison of actual outcomes with those that are desired” (Cranny et al., 1992). 

Job satisfaction has also been defined as “a function of the perceived relationship between what one 

wants from one’s job and what one perceives it as offering” (Locke, 1969), and as the extent to 

which an employee feels positively or negatively toward his/her job (Odom et al., 1990; Locke, 

1976).  

Job satisfaction relates also to the discussion of motivation (Vroom, 1964; Herzberg et al, 1959; 

Maslow, 1954) where the source of job satisfaction can connect especially to social belonging, self-

esteem and self-actualization on the top of Maslow’s hierarchy of needs (Maslow, 1954). Vroom’s 

(1964) expectancy theory hypothesized that situational and personality variables combine to enhance 

job satisfaction. Expectancies were based on the worker’s belief that effort would lead to a strong 

performance that would, in turn, lead to rewards.  

These aspects are relevant considering the central characteristics of knowledge work. The 

complexity not only means that, while motivating, complex jobs may also require different 

instructions, empowerment, and collaboration. 

3.3 Knowledge sharing and collaboration 

Moving from the lower levels of the needs hierarchy to the top levels of social needs, esteem needs 

and self-actualization, the role of knowledge sharing and collaboration between people that support 

creativity and problem-solving is highlighted in order to fulfil the needs of individuals.  Sharing of 

knowledge between employees can be seen very important among workers. Lämsä illustrated in her 

studies that employees’ knowledge and experiences changed daily, and their interaction with each 

other was regarded as one of the most useful channels for the smooth flow of knowledge (Lämsä, 

2006, 2008, 2014). People may not have ready-made solutions for resolving practical problems in 

their field. As they encounter these problems in their daily work, they have to invent personal 

solutions, generally developing and maintaining their knowledge. People doing the same work and 



facing the same kind of problems develop similar capabilities. At the individual level, employees 

experience being a part of the entity, the whole unit and the organization, even if they do not 

continuously cooperate with each other.  

When people are collaborating, they may form various kinds of communities that are comprised of 

professionals from the same field (these are called also communities of practice; see for example, 

Wenger, 2000; Lämsä, 2006; Lämsä, 2008; Lämsä, 2014). The key issue is whether members value 

their collective competence and learn from each other, even if they come from various departments 

and/or professional fields. Barley and Kunda (2006) understand this kind of occupational community 

as a group of people who consider themselves to be engaged in the same sort of work; who identify 

(more or less positively) with their work; who share a set of values, norms, and perspectives that 

apply to, but extend beyond, work related matters; and whose social relationships meld the realms of 

work and leisure. Occupational communities of all types are marked by distinctive work cultures 

promoting self-control and collective autonomy for the membership. According to Barley and Kunda 

(2006), we can observe how each of several long-standing research domains within organizational 

studies – careers, conflict, loyalty, and innovation – can be enriched empirically and advanced 

conceptually by paying serious attention to the role occupational communities play within 

organizations. 

The development of collective meaning can be viewed as one important prerequisite for creating 

sufficient cohesion to the group to make knowledge sharing and organizational learning possible (see 

e.g., Mittendorff et al., 2006). According to Gherardi (2014), a working practice is a collective 

activity undertaken in a particular place and at a particular time. It is a set of working practices that 

makes an occupation or a profession. Although these practices are constitutive of work and 

organizing, how they are executed depends on the specific situation. For example, the experts from 

two completely distinct areas (e.g. engineers and psychologists), might have difficulty in finding a 

“common language” and lack a sufficient level of mutual appreciation to enable knowledge sharing. 



The issue of appreciation is strongly linked to the common mindset and valuations the group has 

created along the way. When people achieve a common understanding, it motivates, rewards, and 

improves the doing and the community of practitioners. 

3.4 Needs assessment process and tools  

To identify both worker and organizational needs in practice in a change situation, a needs 

assessment can be performed. Needs assessment is a specific type of organizational analysis aiming 

for improving organizational effectiveness, and based on action-oriented behavioral research (Caska 

et al, 1992).  The objectives and methods of needs assessments are always context-dependent. Needs 

assessment techniques can be used for multiple purposes, and directed towards different actors and 

specific processes, for example a customer needs analysis to support product development (see 

Kärkkäinen et al., 2001), or an organizational needs analysis to support organizational change or 

even strategic transformation (Abdimomunova & Valerti, 2010). An organizational needs assessment 

is seen as a central tool for aligning strategy and human resource development (HRD) actions, and 

the two perspectives are tightly interconnected (McClelland, 1995). 

A general classification to four types of organizational needs assessments has been created by Gupta 

(2007). In this classification, the target levels of assessment are divided to individuals, teams, units 

and organizations. The assessment can be directed to different aspects of learning and performance, 

e.g. knowledge and skills, jobs and tasks, competencies, or strategic needs. Four different types of 

approaches to needs assessments based on this classification are described in more detail in Table 3 

below. 

 

 

 



Table 3. Approaches to needs assessment (modified based on Gupta, 2007, p. 26-27) 

Approach Knowledge and 

skills assessment 

Job and Task 

analysis 

Competency-based 

needs assessment 

Strategic needs 

assessment 

Purpose Identify knowledge 

and skills required 

to perform a job 

Define 

responsibilities and 

tasks necessary to 

perform a job 

Identify knowledge, 

skills and attitudes 

for superior job 

performance 

Examine existing 

performance or 

address new 

requirements in 

relation to strategy 

Develop long-term 

performance 

improvement plan 

When to use Implementing new 

technology 

Identifying training 

needs 

Developing a 

training plan 

Developing job 

descriptions/profiles, 

task listings, 

consistent training 

requirements 

Identify required 

competencies  

Measure individual 

performance  

Develop training & 

performance 

measurement 

systems 

Link performance 

improvement needs 

to business strategy 

Identify 

performance 

improvement 

opportunities 

Advantages Ensures training 

linked to learner 

needs 

Easy to implement 

Stimulates interest 

Defines skill 

requirements 

Identifies additional 

knowledge and 

skills needed to 

move to another 

position 

Distinguishing 

average from 

superior 

performance 

Provides 

information on 

current and future 

predictors of job 

performance 

Develops long-term 

solutions to current 

performance 

problems or future 

performance needs 

Solves problems 

related to core 

business processes 

Eliminates non-

value-adding 

activities 

Disadvantages Limited focus Omits external 

factors 

Time-consuming 

and costly 

Assumes work is 

static, one best way 

to perform a job 

Time-consuming 

and costly 

Requires high 

involvement of 

many people 

Requires good 

project management 

Time-consuming 

and costly 

Requires that a 

business strategy 

exists 

 

When deciding on the data gathering methods and tools for needs assessment, it is recommended to 

use multiple techniques, and at least one of the methods should be able to provide qualitative data for 

analysis. Possible techniques for data gathering include for example observation, archival methods 

(document analysis), questionnaires, interviews, focus groups, and force field analysis (Caska 1992; 

McClelland 1995; Gupta 2007). This is a central phase of the needs assessment process, as 

emphasized by Caska et al., (1992): 

 “The selection and use of data gathering techniques are central activities in the 

organizational diagnosis. The methods used to gather data will influence results of the 



organizational assessment. Success of the diagnosis depends upon choosing adequate 

techniques that are relevant to the particular situation, and will provide results that are 

useful and acceptable to the client.”  

4. Organizational responses 

4.1 Competence and knowledge management systems, tools and practices 

Competence and knowledge management require strategic cooperation and supporting tools. For 

example, if an organization wishes to leverage the competencies of its personnel in order to deliver 

different project services, it can only exploit them to the full through the integrated management of 

all related variables such as the organizational structure or system. It is not so self-evident that the 

structure will allow for working in different kinds of project teams, for example. The systems thus 

have to be flexible enough, especially to accommodate different knowledge environments. Human 

factors are also important and cannot be ignored. The usual practice is to deploy the best systems and 

to construct the most appropriate organizational structure, but this will not be successful if the 

competencies are not developed and well managed. (Heene & Bartholomeeusen 2000.) 

Competence and knowledge management tools are two-folded. Human resource management brings 

with it appreciation of employees and their competencies. Competence management approach, on the 

other hand, is more concerned with competitive values (strategic management). Guest (1987; 1997) 

has pointed out that different kind of practical tools are derived from the HRM strategies; these tools 

include recruiting, training and development, evaluation, change management, work development 

and communication system. According to Hyrkäs and Hong (2007), the organization has to acquire 

tools in order to map employee competencies, and it has to be able to disseminate the competencies 

and use them as an organizational resource. Dissemination alone is not enough. The organization has 

to have the tools to find out what competencies it has, and the tools that support their dissemination. 



Ikujiro Nonaka (1994) has described the ways in which individuals manage knowledge: knowledge 

is created only by individuals; organizations cannot create knowledge without them and therefore 

organizations can support creative individuals or provide contributory contexts to create knowledge 

(Nonaka and Takeuchi, 1995). And, whenever a wider spectrum of organizational competences and 

knowledge are needed for some purpose, for example for a demanding and long-term customer 

project, the cooperation in every level of the organization; between individuals, between teams and 

combining their competencies becomes crucial. 

Knowledge sharing is the process where individuals mutually exchange their tacit and explicit 

knowledge, and together create new knowledge. Defining and describing knowledge sharing related 

to its specific context is important because of the characteristics of an organization: all of its units 

and individuals influence the creation, transfer, accumulation and utilization of knowledge (Argote et 

al., 2003). The academic research concerning the factors affecting knowledge sharing has identified a 

number of different variables, especially issues such as motivations (Ardichvili et al., 2003; Hall, 

2001; Hinds and Pfeffer, 2003), and the organizational climate and communication climate (Hooff 

and Ridder, 2004; Moffett et al., 2003; Zárraga and García-Falcón, 2003). It is important to notice 

that the overall atmosphere of the organization increasingly influences knowledge sharing. The 

organization’s management system, organizational structure, performance metrics, rewarding system 

and values are considered to be an important prerequisite for that atmosphere (Lämsä and Nätti, 

2011). Openness in knowledge sharing is presumed not to be created by building up a competition 

between individuals and groups. Instead, it may be wiser to reward such function as common 

innovation activities and knowledge sharing. 

Having a sense of identity is a crucial aspect of learning in organizations. For firms to benefit from 

the creativity of people they should support communities as a way to help them develop their 

identities (Wenger, 1998). These communities of practice are regarded as beneficial in various ways 

for the business, the community itself and for employees. They are efficient not only for sharing 



knowledge and know-how, but also for achieving business results (Lämsä, 2014). First, they support 

faster and more effective problem-solving both locally and across the organization. Secondly, 

communities of practice help with developing and retaining expertise by building capabilities and 

knowledge competencies. They are very effective to diffuse created practices across the whole 

organization, as these communities create and innovate new practices which can be embedded into 

the procedures and working instructions.  

4.2 Towards worker-centric knowledge management in smart factories 

Advanced manufacturing organizations have good possibilities to build a system to support worker-

centric knowledge management in their production processes, utilizing the versatile technological 

possibilities available. In smart factories with an advanced technical infrastructure it is possible to 

provide process-, job-, and task-level information to employees in a personalized form to support 

their daily work (Hessman 2013). Also new technical tools and practices to enhance knowledge 

sharing, communication and collaboration between employees are available, although seemingly not 

very widely used in shop-floor level manufacturing context at present. At the same time, supporting 

management processes and practices need to be created. In competence and knowledge management 

area, this could mean for example new types of training, incentives, and rapid feedback processes for 

employees. In addition, training workers in smart factories will have new forms and tools such as 

mobile devices, 3D-simulations and virtual environments with personalized learning content 

(Mavrikios 2013, Pennathur & Mital 2003, Mital 1999).  

New types of jobs and tasks will be available in factories as robotics takes care of old routine tasks. 

Humans will be still be needed for more complex tasks of collaborative problem solving, so there is a 

need to move to more demanding job contents (Mack 2014). This poses new requirements for skilled 

workers for example in utilization of different technical tools to process the available information 



and knowledge, but at the same time this enables more interesting work profiles and possibilities for 

increasing empowerment, achievement and job satisfaction. 

5. Discussion and conclusions 

In this study, we presented the question of how requirements posed by changes in work trends can be 

met by matching individual worker needs to competence management at firm-level. The starting 

point is in manufacturing work taking new forms. Nowadays, almost all types of work and work 

organizations appear to involve knowledge-intensive elements: employees need ‘know-what’ and 

‘know-how’ in order for any firm to create sustainable competitive advantage (Quinn, 1992), they 

have evolving needs, and the competence and knowledge management need to be streamlined in 

order to match those needs and to utilize them for the organization’s advantage. 

The challenge is that misalignment of the needs of the employees and management of competences 

occurs easily in the varying knowledge environments, and therefore, the first task is to identify the 

nature of the work environment. It seems possible that a new, hybrid model combining aspects of all 

three of the knowledge environments described above is needed to accurately depict the situation in 

smart factories of the future and the corresponding knowledge work tools. The three-generation 

approach to competence management and knowledge management (see 2.2) is one way of 

understanding multidimensionality of the phenomenon, and it helps more find out how to manage 

knowledge and competence to reach goals. The three generations and approaches of competence 

management would be a suitable mapping tool for organizations to outline the present situation and 

goals in their competence and knowledge management (Hyrkäs & Hong 2007).  

The findings further indicate that individual worker needs comprise various factors that need to be 

considered when implementing knowledge work tools. Relevant issues were identified from 

competence and knowledge management theories, motivation and job satisfaction theories, 

knowledge sharing and collaboration theories, and needs assessment models. The organizational 



responses can be based on designing processes and practices supporting knowledge work, as well as 

on introducing new technologies and tools to manage knowledge and develop competences.  

We have drawn ideas from the literature combining multiple theoretical perspectives of knowledge 

management, human resource management and advanced manufacturing environments to provide a 

rich picture of knowledge work in manufacturing, and of the possibilities and limitations for further 

research. Several relevant and useful models were found in the literature to study the topic further, 

for example utilizing the three-generation competence and knowledge management model to analyze 

manufacturing organizations, and the different approaches to needs assessment to guide the selection 

of the data gathering methods. The insights presented provide only a starting point, however. 

Based on this exploratory study, there are several possible directions for further studies on the topic 

of knowledge work in manufacturing. Especially, the following suggestions can be introduced: 

- To clarify the role of different knowledge environments in manufacturing and to develop a 

hybrid model of the organizational knowledge environment 

- A state of the art study on knowledge sharing processes and practices amongst factory 

workers and a mapping of possibilities offered by new knowledge work tools 

- Empirical data collection on the needs of the workers and of the current state and possible 

limitations set by the organizational knowledge environment and existing processes 

With these lines of research, it will be possible to gain deeper understanding on the current, and 

future, work life related aspects. 

Acknowledgements: 

This project has received funding from the European Union's Horizon 2020 research and innovation 

programme under Grant Agreement n˚ 636778. 



References: 

Ahonen, H., Engeström, Y. and Virkkunen J. (2000) Knowledge Management - The second 

generation: Creating competencies within and between work communities in competence laboratory, 

pp. 282 – 305 in: Y. Malhotra (ed.), Knowledge Management and Virtual Organizations, Hershey & 

London: Idea Group Publishing. 

Ardichvili, A., Page, V. and& Wentling, T. (2003) Motivation and barriers to participation in virtual 

knowledge-sharing communities of practice. Journal of Knowledge Management, vol. 7 no. 1, pp. 

64-77. 

Argote, L., McEvily, B. and Reagans, R. (2003a) Introduction to the Special Issue on Managing 

Knowledge in Organizations: Creating, Retaining, and Transferring Knowledge. Management 

Science, 49(4), v-viii. 

Armbruster, H., Jung Erceg, P., Pandza, K. and Dreher, C. (2007) Managing knowledge in 

manufacturing: results of a Delphi study in European manufacturing industry, International Journal 

of Foresight and Innovation Policy, Volume 3, Number 3/2007 

Barley SR & Kunda G (2006) Contracting: a new form of professional practice. Academy of 

Management Perspectives. Feb., pp. 45-66. 

Alvesson, M. (2004) Knowledge work and knowledge intensive firms, Oxford University Press, 

Oxford, UK. 

Abdimomunova, L. & Valerti, R. (2010) An organizational assessment process in support of 

enterprise transformation,  Information, Knowledge & Systems Management, Vol.  9, pp. 175–195. 

Backhaus, K.B. (2004) An exploration of Corporate recruitment descriptors on monster.com. Journal 

of Business Communication, 41(2), pp. 115–136. 



Baumeister R.F, Leary M.R. (1997) Writing narrative literature reviews. Review of General 

Psychology 1: 311-320. 

Blackler, F. (1995) Knowledge, Knowledge Work and Organizations: An Overview and 

Interpretation, Organization Studies, vol. 16  no. 6, pp.  1021-1046. 

Caska, B.A., Kelley, K. and Christensen, E.W. (1992) Organizational needs assessment: Technology 

and use, Ch. 8 in: Kelley, K. (Ed.) Issues, Theory, and Research in Industrial/Organizational 

Psychology, Elsevier Science Publishers B.V. 

Castells, M. (1996) The rise of the network society, Blackwell, Cambridge. 

Chesbrough, H. (2003) The Logic of Open Innovation: Managing Intellectual Property, California 

Management Review, Vol. 45 No. 3, 33-58. 

Cisco corp. (2014) Cisco Connected World Technology Report, available at: 

http://www.cisco.com/c/en/us/solutions/enterprise/connected-world-technology-report/index.html. 

Cranny C. J., Smith, P. C. and Stone E. F. (1992). Job Satisfaction: How People Feel about Their 

Jobs and How it Affects Their Performance, Lexington Books, New York, NY.  

Davenport, T.H., Järvenpää, S.L. and  Beers, M.C. (1996) Improving Knowledge work processes, 

Sloan Management Review. Summer, Vol. 37, Issue 4, pp. 53-65. 

David, P.A. and Foray, D. (2002). An introduction to the economy of the knowledge society. Unesco, 

Blackwell Publishers, MA. 

Dougherty D (1995) Managing your core competencies for corporate venturing. Entrepreneurship 

Theory and Practice, 19(3), pp. 113-135. 

 



EFFRA (2013) Factories of the future: Multi-annual roadmap for the contractual PPP under 

Horizon 2020, Available at: http://www.effra.eu/attachments/article/129/Factories%20of%20the%20 

Future%202020%20Roadmap.pdf 

Facts4workers (2014) Worker-centric workplaces in smart factories, Proposal for EC, presentation 

material available at http://i-know.tugraz.at/wp-content/uploads/2014/iknow_presentations/ipraxis/ 

Smart%20Production/Schmeja_2014-09-19_Worker_Centric_WorkPlaces_iknow.pdf 

Fritzsche B. A. and Parrish T. (2005). Theories and Research on Job Satisfaction, in Brown S. D. and 

Lent R. W. (Eds.), Career Development and Counseling: Putting Theory and Research to Work. 

Wiley, Hoboken, NJ. 

Gherardi, S. (2014) Are working practices the place where organization studies and workplace 

learning cross? In J. Alegre, R. Chiva, A. Fernández-Mesa & J. L. Ferreras-Méndez (Eds.). Shedding 

New Lights on Organisational Learning, Knowledge and Capabilities (pp. 20-31). UK, Cambridge 

Scholars Publishing. 

Guest, D.E. (1987). Human resource management and industrial relations. Journal of management 

studies, 24(5), 503–521. 

Guest, D.E. (1997). Human resource management and performance: a review and research agenda. 

The International Journal of Human Resource Management, 8(3), 263-276. 

Gupta, K. (2007) A practical guide to needs assessment. 2nd ed. John Wiley & Sons. 

Hall, H. (2001) Input-friendliness: motivating knowledge sharing across intranets. Journal of 

Information Science, vol. 27 no. 3, pp. 139-146. 



Heene, A. & Bartholomeeusen, L. (2000). An Agenda for Bridging Competence-based (strategic) 

Management and Competency-based HumanResource Management.In: Sanchez, R. & Heene, A. 

(Eds.) Implementing Competence-based Strategies. 125-140, Jai Press Inc, USA. 

Herzberg F., Maunser B. and Snyderman B. (1959), The Motivation to Work. John Wiley and Sons 

Inc., New York. NY. 

Hessman, T. (2013) The Dawn of the Smart Factory, Industry Week, February 2013, pp. 15-19. 

Hidi, S., & Harackiewicz, J. M. (2000). Motivating the academically unmotivated: A critical issue 

for the 21st century. Review of Educational Research, 70(2), 151-179.  

Hinds, P. & Pfeffer, J. (2003) Why organizations don’t know what they know: cognitive and 

motivational factors affecting the transfer of expertise. In M. Ackerman, V. Pipek and V. Wulf 

(Eds.), Beyond Knowledge Management: Sharing Expertise, MIT Press, Cambridge, MA. 

Hong, J. & Ståhle P. (2005). The Co-evolution of Knowledge and Competence Management. 

International Journal of Management Concept and Philosophy. Vol 1, No.2, pp. 129-145. 

van den Hooff, B. & de Ridder, J. (2004) Knowledge sharing in context: the influence of 

organizational commitment, communication climate and CMC use on knowledge sharing. Journal of 

Knowledge Management, vol. 8 no. 6, pp. 117-130. 

Hyrkäs, E. & Hong, J. (2007). Strategic perspectives on the development of competence management 

in Finnish municipalities. 23rd EGOS Colloquium "Beyond Waltz – Dances of Individuals and 

Organization" ,Vienna, 5-7 July 2007. 

Kakabadse, N. K. & Kakabadse, A. and Kouzmin, A. (2003). Reviewing the knowledge management 

literature: Towards taxonomy. Journal of Knowledge Management, 7(4), 75-91. 



Karl, K. and Peluchette, J. (2006). How Does Workplace Fun Impact Employee Perceptions of 

Customer Service Quality? Journal of Leadership & Organizational Studies,13(2), pp. 2–13. 

Kuivanen, R. (2008) The future of manufacturing industry in Europe, International Journal of 

Productivity and Performance Management, Vol. 57 Iss 6 pp. 488 – 493. 

Kärkkäinen, H., Piippo, P., Puumalainen, K. and Tuominen, M. Assessment of hidden and future 

customer needs in Finnish business-to-business companies, R&D Management, Volume 31, Issue 4,  

pages 391–407. 

Lampela, H. and Papinniemi, J. The Future of Engineering Work - Increasing Flexibility in Work 

Content, Environment and Processes, in: Krempels, K.-H., Stocker, A. (Eds.): WEBIST 2013 - 

Proceedings of the 9th International Conference on Web Information Systems and Technologies, 

Special Session Future Workplace, pp. 601-607. Aachen, Germany, 8-10 May, 2013. SciTePress. 

Leonard-Barton, D. (1995) Wellsprings of knowledge: building and sustaining the sources of 

innovation. Harvard Business School Press, Boston. 

Lievens, F. and Highhouse, S. (2003). The relation of instrumental and symbolic attributes to a 

company’s attractiveness as an employer. Personnel Psychology, 56(1), pp. 75–102. 

Locke E. A. (1969), ‘What Is Job Satisfaction?’, Organizational Behavior and Human Performance, 

4, 309-336. 

Locke E. A. (1976), ‘The Nature and Causes of Job Satisfaction’, in Dunnette, M.C. (ed.) Handbook 

of Industrial and Organizational Psychology, Chicago, IL: Rand McNally. 

Lämsä, T. (2006) 'Communities of Practice' and the Management of Technology and Innovation. In 

N. Papadopoulos & C. Veloutsou (Eds.), Marketing from the Trenches: Perspectives on the Road 

Ahead (pp. 91-104). 



Lämsä, T. (2008) Knowledge creation and organisational learning in communities of practice: an 

empirical analysis of a healthcare organisation. Publications of the Faculty of Economics and 

Business Administration, Acta Univ. Oul. G 32, Oulu University Press. 

Lämsä, T. & Nätti, S. (2011) Knowledge sharing within and between communities of practice in a 

knowledge intensitive organisation. In O. R. Hernáez and E. B. Campos (Eds.), Handbook of 

research on communities of practice for organisational management and networking: methodologies 

for competitive advantage (pp. 363-380). USA: IGI Global. 

Lämsä, T. (2014) Managing knowledge and learning through “communities of practice”. In J. 

Alegre, R. Chiva, A. Fernández-Mesa & J. L. Ferreras-Méndez (Eds.). Shedding New Lights on 

Organisational Learning, Knowledge and Capabilities (pp. 84-103). UK, Cambridge Scholars 

Publishing. 

Maruta, R. (2012) Transforming knowledge workers into innovation workers to improve corporate 

productivity, Knowledge-Based Systems, Vol. 30, pp. 35–47. 

Maslow, A. H. (1954), Motivation and Personality. Harper & Row Publishers, New York, NY. 

Maslow, A. H. (1965). Self-actualisation and beyond. Retrieved from ERIC database. (EDO 12056) 

Mavrikios, D., Papakostas, N., Mourtzis, D., Chryssolouris, G. (2013) On industrial learning and 

training for the factories of the future: a conceptual, cognitive and technology framework, Journal of 

Intelligent Manufacturing, Vol. 24, pp. 473–485. 

McClelland, D.C. (1988) Human Motivation. Cambridge University Press, Cambridge, UK. 

McClelland, S.B. (1995) Organizational needs assessments - design, facilitation & analysis, 

Geenwood publishing group, Westport, CT, U.S. 



Mital, A. Pennathur, A. Huston, R.L.,  Thompson, D.,  Pittman, M., Markle, G. Kaber, D.B. 

Crumpton, L., Bishu, R.R., Rajurkar, K.P., Rajan, V., Fernandez, J.E., McMulkin, M., 

Deivanayagam, S., Ray, P.S., Sule D. (1999) The need for worker training in advanced 

manufacturing technology (AMT) environments: A white paper, International Journal of Industrial 

Ergonomics, Vol. 24, pp. 173-184. 

Mittendorff, K., Geijsel, F., Hoeve, A., de Laat, M., Nieuwenhuis, L. (2006). Communities of 

Practice as stimulating forces for collective learning. Journal of Workplace Learning, 18(5), pp. 298-

312. 

Moffet, S., McAdam, R. & Parkinson, S. (2003) An empirical analysis of knowledge management 

applications. Journal of Knowledge Management, vol. 7 no. 3, pp. 6-26. 

Nonaka, I. (1994) The dynamic theory of organizational knowledge creation. Organization Science, 

5(1), pp. 14-37. 

Nonaka, I. & Takeuchi, H. (1995) The knowledge creating company. Oxford: Oxford University 

Press. 

Odom R. Y., Randy Boxx W. and Dunn, M. G. (1990), ‘Organizational Culture, Commitment, 

Satisfaction, and Chesion’, Public Productivity and Management Review, 14 (2), 157-168. 

Pennathur, A., & Mital, A. (2003) Worker mobility and training in advanced manufacturing, 

International Journal of Industrial Ergonomics Vol. 32, pp. 363–388. 

Prospero, M., & Vohra-Gupta, S. (2007). First-generation college students: Motivation, integration, 

and academic achievement. Commimity College Journal of Research and Practice, Vol. 31, pp. 963-

975.  



Robbins M. J., Peterson M., Tedrick T. And Carpenter J. R. (2003) ‘Job Satisfaction on NCAA 

Division III Athletic Directions: Impact of Job Design and Time on Task’ International Sports 

Journal, Vol. 7, No. 2., pp. 46-57. 

Sanchez, R. & Heene, A. (eds.) (1997) Strategic learning and knowledge management. Wiley, 

Chichester. 

Shapiro, C. and Varian, H.R. (1999). Information Rules. A Strategic Guide to the Network Economy. 

Harvard Business School Press. 

Shaikh M. A., Bhutto N. A. and Maitlo Q. (2012) ‘Facets of Job Satisfaction and Its Association with 

Performance’. International Journal of Business and Social Science. Vol. 3, No. 7. pp. 322-327. 

Smith P. C., Kendall L. M. and Hulin C. L. (1969). The Measurement of Satisfaction in Work and 

Retirement. Rand McNally, Chicago, IL. 

Snowden, D. (2002). Complex acts of knowing: Paradox and descriptive self-awareness. Journal of 

Knowledge Management,Vol 6 No 2, 100-111. 

Spector P. (1994) Job Satisfaction Survey. Tampa, FL: University of South Florida 

Vroom V. (1964). Work and Motivation. New York: Wiley. 

Ståhle P. & Grönroos M. (2000). Dynamic Intellectual Capital. The Theory and Practice of 

Knowledge Management. WSOY, Vantaa. 

Teece, D. J. (2000) Managing intellectual capital: organizational, strategic, and policy dimensions. 

Oxford University Press, New York. 

Tews, M. J., Michel J.W. and Bartlett, A. (2012). The Fundamental Role of Workplace Fun in 

Applicant Attraction, Journal of Leadership & Organizational Studies, 19, pp. 105–114. 



Tuomi, I. (2002). The future of knowledge management, Lifelong Learning in Europe, 2, 69-79. 

Wendover, R. W. (1995). 2 minute motivation: How to inspire superior performance. Naperville, IL: 

Sourcebooks, Inc. 

Wenger, E. C. (1998) Communities of practice: learning as a social system. Systems Thinker, June. 

Wenger E. C. (2000) Communities of practice and social learning systems. Organization, 7(2), pp. 

225-246. 

Zárraga, C. & Garcia-Falcón, J.M. (2003) Factors favoring knowledge management in work teams. 

Journal of Knowledge Management, vol. 7 no. 2, pp. 81-96. 

Zühlke, D. (2010)  Smart Factory—Towards a factory-of-things,  Annual Reviews in Control, Vol. 

34, No. 1 (April), pp. 129-138.  

 


