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EXECUTIVE SUMMARY 

Literature review has shown the existence of a wide terminology as far as manufacturing concepts 

are concerned; more specifically, searching deeper into topics related to manufacturing education, 

we found different terms used to describe the same or similar concepts. Especially when it comes to 

skill related concepts, the existence of a big diversity of definitions and formats – often contradictory 

with each other – can lead to confusion and misconceptions. Consequently, ManuSkills Conceptual 

Framework is trying to tackle this problem by identifying the main concepts considered in the project 

and providing common and concise definitions of these concepts to be used in all activities in the 

project’s scope. 

 

Chapter 2 presents the main concepts addressed by ManuSkills classified in four main subareas; 

objectives, target group, delivery mechanisms and content (manufacturing skills). After their 

separate presentation and definition, all those concepts are linked together through diverse relations 

to create what we have conceptualized as the ManuSkills Conceptual Framework throughout the 

project’s lifecycle (Chapter 3). 

 

Chapter 4 is devoted to one of the main issues dealt with in the frame of this deliverable; 

manufacturing is very closely related to the notion of skills, which are however defined or classified 

differently according to different stakeholders. After briefly presenting existing skills taxonomies, we 

proceed to the presentation of the way ManuSkills conceives the main skills classes and maps them 

to the awareness or learning modules included in the ManuSkills platform. 

 

Chapter 5 identifies the way those main concepts included in the framework are mapped and 

structure in the platform so far, raising issues to be taken into consideration for the future progress. 

Finally, a short reference to the relation connecting stakeholders to the technology deployed so far 

and the learning model to be finalized during the next stages is made (Chapter 6).  
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1. Introduction 

Even a quick review of manufacturing literature will reveal the use of different terms –often 

contradictive or misleading- in order to define and classify skill related concepts. As a result 

misconceptions and confusion may arise, when trying to construct a Learning Model aiming 

to promote awareness and acquisition of concepts inextricably linked to manufacturing.  

 

The analysis of industrial needs for Factories of the Future (D2.1) confirms the 

aforementioned situation, since we found out that the lack of cohesion and agreement of 

basic manufacturing and skills-related concepts among various stakeholders involved in 

manufacturing education, contributes a lot in a negative way on the information provided 

to the young generation, leading valuable young talents to low or no interest for the world 

of industry.  

 

As a part of deliverable 2.3.1 we will try to identify the whole range of concepts considered 

significant for the achievement of ManuSkills objectives, define them in a cohesive and 

coherent way. Further, the document points out the causal factors connecting those 

concepts towards the success of the goals already stated in the vision document. The 

emerging Conceptual Framework will consist a concrete reference point for all the partners, 

in their attempt to take up cohesive learning and dissemination activities throughout the 

project’s lifecycle. The Conceptual Model also helps to communicate what ManuSkills is 

about, since it contains the functional blueprint of the platform. 

 

Moreover, the Conceptual Model will consist a guiding compass for the optimal design of 

ManuSkills Learning Model and Methodology, which will in turn lead the development and 

progress of the project’s main artefact, the ManuSkills platform, as well as the effective 

design of the experiments during the evaluation stage. Under this light, this initial 

framework also attempts to draw a preliminary functional map describing the relation of 

various stakeholders with the technological solution deployed and the learning model to be 

completed in the next months. 

 

Given that we are still going through the first year of the project, the present Conceptual 

Framework consists the initial model, which will be elaborated and refined throughout the 

implementation stage, which has already started. The matured results of this ongoing 

process will be reported in the final version of the Conceptual Framework, which will be 

submitted at the end of the project. 
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2. ManuSkills Main Concepts 

2.1. Learning Objectives 

In Deliverable 2.1 we analyzed thoroughly the Skills Gap phenomenon which is currently 

experienced by many manufacturing companies world widely and is expected to aggravate in 

the near future. The results of this showed that the younger generation has lost interest in 

manufacturing or –even worse- lacks realistic information regarding its real meaning and 

contribution, a problem partially caused due to the usage of “obsolete” methods and tools in 

the frame of traditional education. Thus, ManuSkills’ primary goal is to test the advantages of 

cutting-edge ICT-based delivery mechanisms for the increase of young talents’ awareness 

towards the most important concepts and modules of the industrial world. 

 

Although raising manufacturing awareness will be the main goal of ManuSkills, the vision of 

our project will go beyond this trying to develop and establish –if possible- learners’ 

understanding (which implies deeper engagement and knowledge compared to awareness) for 

specific manufacturing concepts and even touch the area of application, leveraging the 

experiential learning model. 

 

Philip Merikle (1984) supports that awareness can be equated with the ability of a person to 

make forced-choice decisions above a chance level of performance. In easier words, for the 

Psychology Dictionary awareness refers to the consciousness of internal or external events or 

experiences1, i.e. the state or ability to perceive, feel or to be conscious of events, concepts or 

objects without necessarily proceeding to the level of understanding.  In this direction, the 

ManuSkills platform and the content already or to be developed wish to stimulate awareness 

of the basic concepts and aspects of manufacturing, without necessarily claiming that a user 

will develop at the same time deep knowledge or understanding of the concepts presented 

directly or indirectly.  

 

However, certain activities designed by the project and included in the platform address a 

deeper level compared to awareness, i.e. knowledge. In Collins English Dictionary knowledge is 

defined as “the facts, feelings or experiences known by a person or a group of people”. The 

verb know in this definition implies that knowledge is much richer and more meaningful from 

plain information, as it includes familiarity, awareness and understanding, all acquired after 

study and experience2. For Piaget (1964) transformation is a very important concept in the 

theory of knowledge, as the learner should transform and deconstruct older perceptions based 

on new information and experience. Later on, the theories of context and situated learning 

enriched the theory developed by social constructivism, adding that people construct and 

reconstruct their knowledge not only being influenced by communication with others but also 

by situating it in social, cultural and physical activity (Bredo, 1994). ManuSkills perceives 

knowledge in similar ways and is thus trying to reconstruct notions of manufacturing by using 

content and delivery mechanisms, which contextualize those notions in a correct and realistic 

way. 

                                                           
 
1
 http://psychologydictionary.org/awareness/ 

2
 http://instep.net.nz/Knowledge-and-theory/What-is-knowledge 
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In accordance with the aforementioned, experiential learning adds that meaning making 

derives directly from experience. According to Kolb’s famous experiential learning model 

(1984), everything in learning starts and ends with application; a person applies their existing 

knowledge through concrete experience, reflects on the results, generalizes the outcomes and 

reapplies the transformed knowledge. This is why this project sets application as one of its 

main objectives, when it comes to learning; a concept coming from the industrial world can be 

fully assimilated only after setting it in the right context and encouraging the learner to apply 

this knowledge in a new situation. In our case, this last criterion may be checked through a 

serious game, a simulation or even a suggestion of hands-on experience.  

 

These three levels are also inspired and mapped with Bloom’s Taxonomy of Learning 

Objectives (1956). Bloom’s taxonomy refers to a classification of the different goals that can be 

set for students to define learning objectives. In a revised form, Bloom’s Taxonomy is 

structured in six levels (Anderson, 2000)   

 

 
Figure 1: Bloom’s revised taxonomy mapped to ManuSkills’ Learning Objectives 

 

The lowest level of the Bloom’s Taxonomy (remember) refers to basic knowledge: recalling 

facts, terms, and basic concepts. The second level (understand) refers to the ability to 

understand facts and ideas by organizing, comparing, translating, and interpreting. The two 

upper levels refer to the ability to apply and use knowledge. This includes application, analysis, 

evaluation and creation. In the ManuSkills Learning Objectives we reduce the Bloom’s 

Taxonomy to only three levels; awareness (remember), knowledge (understand) and 

application (apply, analyze, evaluate, and create). 

 

The conceptualization and validation of the aforementioned triangle (awareness-

understanding-application) was closely developed with the results of the survey conducted 

within the frame of Task 2.1 (Learning Enablers and Barriers), which focuses on the 

identification of key performance indicators (KPIs) regarding learning agility, creativity and 

effectiveness as well as possible bottlenecks setting obstacles to students’ learning 

effectiveness. 
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On a different axis, interest, i.e. the feeling of wanting to learn more about something or get 

involved in it, due to curiosity or attention excitement, consists an additional objective for 

ManuSkills. We don’t consider interest a learning objective, but a facilitator towards learning. 

Awareness and knowledge are not always enough in order to attract someone to a certain 

direction, since acquiring clear and explicit information about an idea does not necessarily 

mean that you like or support this idea. Given that interest leads to motivation increase, it 

stands high in ManuSkills goals as a way of attracting young people in the world of 

manufacturing. It is not necessarily linked to the content we wish to promote, but to the way 

of presenting concepts or orchestrating them in a youngster-friendly and catchy context. As it 

will be mentioned in the following chapter, interest as an objective will be addressing the 

whole range of students, irrespective of their age or school level. 

2.2.  Target Groups 

 

As already mentioned in ManuSkills’ Vision, the Student Lifecycle model (Figure 2) represents 

five basic stages of a person, in terms of both formal and informal learning and education; 

baby, child, teenager, young adult and adult. As far as the goals of ManuSkills are concerned, 

the first stage (baby) is excluded by definition, while the second one (child) will not also be a 

focus point, since relevant literature claims that until approximately the 10th year of their life 

(this is considered as the average age of transition from childhood to the teenage stage) 

children do not make any stable decisions regarding their future professional path, thus we do 

not regard our influence very important at this point. 

 

 
Figure 2: ManuSkills primary and secondary target groups 

 
 

Although there already some preliminary references to STEM topics during primary school 

years, in general, the teenager and young adult phase represent the most important 

beneficiaries of STEM and manufacturing education, a fact that sets them in the centre of our 

project’s research lens.  
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By teenagers we refer to students from 13-19 years old (according to the formal definition of 

this age range). At this point, we should mention that close to this group we will also consider 

the so called “Tweens”, i.e. the youngsters between 10 and 12 years of age (last years of 

primary school), regarded too old to be children and too young to be teenagers1. This in order 

to take into account a representative period before the key passage of the 14-16 years old but 

without deepening into the universe of the Children. Consequently, in ManuSkills by the term 

“Teenagers” we will refer both to Teenagers and Tweens.  

 

By “Young adults” we refer to the whole range of university students, i.e. Bachelor, Master 

and/or PhD students. Given that the main aim of ManuSkills is to attract young talents to 

Manufacturing, youngsters that gravitate somehow around the university world is a very 

important target group, either it belongs to engineering institutions (with the engineering 

professional path being an uncertain option though) or it belongs to the non-engineering 

world, who is curious though towards this direction and has already acquired some basic STEM 

knowledge and skills. Young Workers, even if they could be interested in more than one 

ManuSkills activities are not taken into account, as we believe that they could not be 

significantly influenced, after having made their professional decisions. 

 

A combination of ManuSkills Learning Objectives with the two Target Groups (i.e. Teenagers 

and Young Adults) brings up the matrix below (Figure 3). Studying the matrix carefully one can 

realize that, when teenagers are addressed, due to lack of relevant prior knowledge and 

experience (not of manufacturing itself but of the necessary foundation to understand the 

complexity of manufacturing concepts), the presentation of manufacturing concepts will 

follow a more “superficial” approach, trying to simplify terms and relations, so that within the 

axis of understanding the goals of awareness (especially for early teenagers and/or children) 

and knowledge are facilitated. In general, the goal of application will not be addressing 

teenagers, but young adults, who will have the opportunity to interact with activities providing 

a more detailed explanation of presented concepts, so that the knowledge acquired can be 

applied and validated in new situations. 

 

As far as interest is concerned, all activities designed and embodied in the platform will take 

this aspect into consideration, no matter what the age group addressed. This is because -when 

the goal is to attract someone towards a certain direction- interest is the one increasing 

motivation and as a result engagement, when the plain transmission of knowledge is not 

enough. In order to achieve this goal, a teacher designing or just suggesting a certain activity, 

should bear in mind that an activity is attractive, when it is presented in a way capturing the 

eye and mind of the targeted age group. Thus, in this case, it is not the content that they 

should mainly focus on, but the context of presentation. 

 

It should be stated, that all stakeholders involved will be encouraged to reuse content by 

deploying different methods or delivery mechanisms, as the concepts to be promoted are the 

same for both age groups; what should be differentiated based on the learning style and 

                                                           
 
1
 Dictionary.com. [Online] [Reported: 3 January 2014.] http://dictionary.reference.com/browse/tween 
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cognitive background of each age group is the pedagogical approach and the level of difficulty 

and complexity set in the activity.  

 

 
Figure 3: Matrix of ManuSkills Learning Objectives to the main Target Groups 

 

However, students are not the only target group of this project. Instead of just influencing the 

person asked to take a decision, we believe that it is of equal importance trying to also 

approach everyone having a significant effect on this person. In our case we have defined two 

secondary target groups: 

 

Organizations that are somehow involved in teenagers or young adults’ formal and informal 

education and training, i.e. primary schools (to a minimum extent), secondary schools and/or 

universities. These organizations play a crucial role, since they have a huge impact on our 

target group during and around the key decision points. Unfortunately, they sometimes carry 

wrong perceptions regarding manufacturing or are not fully aware for its potential for the 

students. Companies also fall into this category, as they are the ones being damaged by the 

skills gap, but do not always realize the extent of the problem and the steps they can take to 

deal with it. 

 

Facilitators, i.e. people in youngsters lifecycle that directly or indirectly guide them and have 

some effect on their professional orientation. Relevant literature revealed that 3 main actors 

play an important role in this direction:  

 Parents usually set role models for their children depending on their personal experiences 

and perceptions. However, they often appear misguided regarding the real profile of 

today’s manufacturing, projecting perceptions of the past. Thus, they tend to believe that 

a plant is a place where you can mostly find low-skilled workers struggling under 

unbearable conditions and earning very few money. Consequently, we consider parents 

as a very important target group, whose attitude can change, if an attempt is made to 

restore the true image of the industrial world. 

 Teachers’ opinions and beliefs have a strong impact on students’ choices, as the latter 

usually look up to the former and trust their advice. Thus, it is important to also approach 

this sensitive target-group, which may carry perceptions similar to those of the parents 
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(especially if they belong to the same age group). Teachers should also be considered by 

ManuSkills in terms of (re)training them by introducing contemporary pedagogical 

methods leveraging ICT-tools that can enhance both STEM and engineering studies. 

 Career Coaches (or Professional Counselors) are professionals working for secondary 

schools or higher education institutions, in order to guide effectively teenagers and young 

adults towards the choice of their future profession. Their role largely revolves around 

students’ interests and skills, as well as provision of general or specific information 

regarding a certain job or in general the labor market. They also chalk out all possible 

career lines, bringing many new and profitable professions in teenagers’ knowledge, or 

address the dilemma of parents compelling children to follow a career of their choice, 

irrespectively of the child’s skills, inclinations or aspirations. Consequently, their part is 

also considered of high importance, as they “mold” a student when “his/her personality 

and ideology of life begins evolving, he/she starts developing social skills and most 

importantly, his/her knowledge and skills bank expands”1 

2.3. Delivery Mechanisms 

One of the main reasons responsible for low effectiveness and motivation regarding STEM 

education in secondary schools or engineering studies in higher education is the fact that 

teachers and professors have consolidated methods, techniques and tools appropriate for 

needs and standards of the past. The term of delivery mechanisms in ManuSkills stands for 

cutting-edge ICT educational tools and the corresponding methods, so that delivery of a course 

or even a concept regarding STEM and/or manufacturing education can be succeeded in a 

proper and contemporary frame.  

 

Our main delivery mechanism is the ManuSkills platform, an educational channel through 

which both students and teachers can get involved and engaged in a rich educational 

experience. The main components of the platform are generally mentioned as (learning) 

activities. Further details will be given in chapter 5.   

 

The platform is designed in a very dynamic way, aiming to raise awareness and/or learning 

effectiveness, not by just “exhibiting” manufacturing concepts, but by allowing the system to 

manage up to a certain extent the awareness/learning process in a pedagogically meaningful 

way. By learning management, we do not refer to strictly structured learning management 

systems (such as MOODLE), where almost everything is prescribed in advance, allowing the 

learner just to follow the path already decided for him. Our system is designed in a “smart” 

way, based on which the learners’ traces throughout their learning path in the platform can 

stimulate a recommendation mechanism aiming to complete their knowledge regarding a 

specific skill or enrich it by introducing new skill sets. For instance, when a student has 

completed activities related to sustainable manufacturing tagged as Level 1 difficulty, the 

system may recommend or immediately present activities related to the next level, i.e. level 2. 

Another student, when completing activities mapped to the whole spectrum of complexity 

regarding sustainable manufacturing, can then be suggested to start interacting with activities 

promoting other skill sets (ex. process planning). The concept of learning management is very 

                                                           
 
1
 http://www.dawn.com/news/705310/making-choices-career-counselling-in-secondary-schools 
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important for ManuSkills, but it will explained thoroughly as a part of task 2.4 (Learning Model 

and Methodology), as well as the concept of gamification. Just in a few words, a small hint can 

be given beforehand, saying that in ManuSkills we don’t mean to present only activities related 

to game-based learning, but gamify the interaction of the user/student with the platform 

activities. 

 

Regarding the delivery mechanisms leveraged within the platform, a wide range of them will 

be deployed, in order to achieve our main goal, the increase of youngsters’ awareness and 

interest towards the world of manufacturing. Though we keep searching and testing both 

traditional and innovative tools that are somehow linked to manufacturing education, our 

initial bank consists of the following delivery mechanisms: 

 

 Serious games: although for some people this term may appear an oxymoron, the notion 

of serious games “is all about leveraging the power of computer games to captivate and 

engage end-users for a specific purpose, such as to develop new knowledge and skills” 

(Corti, 2006). Consequently, it is the addition of pedagogy (educative/training activities) 

that makes games serious (Susi et al., 2007). In the era of serious games, game designers 

have abandoned “skill-and-drill interactive learning paradigms towards situational and 

constructionist approaches” (ELSPA, 2006, p. 17) related to the concept of edutainment, 

trying to develop as much skills as possible for young learners, since research has shown 

added value towards strategic thinking, planning, communication, collaboration, group 

decision making and negotiation (Kirriemuir & McFarlane, 2004; Squire & Jenkins, 2003). 

Especially in the industrial context, corporations use serious games to train their 

employees in both soft skills (organization, communication, strategy) and job-specific 

skills (how to use software/hardware required by the job, etc) (Michael and Chen, 2006). 

Besides enabling certain skills training, serious games may be of added value, when the 

learning material is technical or boring, when the learning objectives are difficult or 

complex, when the audience is difficult to reach, when sophisticated consequence 

analysis is required, and when communicating or developing corporate strategies 

(Prensky, in Michael & Chen, 2006). 

 Simulation (games) also seem appealing to the school population, since they are already 

more than familiar with video games based on simulation features. Many definitions exist 

regarding simulation games; we lie closer to that of activities that players take up limited 

by a set of rules and an already decided end point, in an environment constituting an 

accurate representation or model of some external reality with which players interact by 

playing roles in a similar way as they would do in reality (Birbaum 1982, p. 5; Horn and 

Cleaves, 1980, p. 3).  

 Educational videos, i.e. videos created or reproduced by educational or industrial 

stakeholders presenting industry-related content, which can be used in order to raise 

awareness or promote learning regarding a specific manufacturing skill, concept or 

process. 

 The Teaching Factory paradigm suggests the incorporation of students’ learning 

experiences in an environment mostly oriented towards competencies and knowledge 

application. As reported by Mavrikios et al. (2013) “the aim (of Teaching Factory) is to 
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effectively integrate education, research and innovation activities within a single initiative 

involving industry and academia”. 

 Educational forum: i.e. a section of the platform resembling a message board, where 

users can communicate with each other by posting messages and exchanging views 

reflecting their learning experience and creating threads of discussions around a certain 

experience, learning plan or in general a topic/concept emerging through their interaction 

with the platform. The existence of such a feature is considered very important, because 

through that learners and teachers can engage in critical discussions, constructing 

knowledge through synthesis and collaboration. 

 

The aforementioned delivery mechanisms are few of the many we plan to integrate in the 

platform, so that it enables a rich learning experience. However, we do not report everything 

in the present document, as they will be described in details both in the Learning Model 

document as well as in the final deliverable concerning the Conceptual Framework. 

 

2.4. Content: Manufacturing Skills 

 

The main goal of this project targets the promotion of manufacturing skills both in the 

secondary and higher education level. By skills we mean “the ability to apply knowledge and 

use know-how to complete well-defined tasks. They may be cognitive (involving the use of 

logical, intuitive and creative thinking) or practical (involving manual dexterity and the use of 

methods, materials, and tools)” (Kiritsis et al., 2013). Manufacturing skills refer to the skill set 

required for the needs of manufacturing, i.e. “the process of converting raw materials, 

components or parts into finished goods meeting a customer’s expectations or specifications”1. 

Though the latter term may include a wide and diverse range of human activities, in this 

context we mainly take into consideration the skills applied in industrial production settings. 

 

Literature research revealed a wide range of definitions and classifications of manufacturing 

skills. Given that in this project manufacturing skills stand in the center of our attention, 

chapter 3 is devoted to the identification and definition of them or the classes they construct 

and thus we will not proceed to further explanations in this section.  

  

                                                           
 
1
 Definition found in the Business Dictionary 

(http://www.businessdictionary.com/definition/manufacturing.html#ixzz2o15uVoxQ) 

http://www.businessdictionary.com/definition/manufacturing.html#ixzz2o15uVoxQ
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3. The Conceptual Framework 

 

 

 

Figure 4: ManuSkills Conceptual Framework 

 

As already stated in D 2.1 (Analysis Emerging Industrial Needs in Factories of the Future) one of 

the main reasons for the skills gap suffered by the industry is the fact that educational 

institutions responsible for STEM or engineering education do not work closely with industrial 

stakeholders for the identification and development of the goals, content and learning media 

of manufacturing education. Consequently, there is a gap between the manufacturing 

education delivered by schools and universities and the skills and competencies required by 

the actual manufacturing needs.  

 

ManuSkills takes into consideration the aforementioned mismatch between what is taught and 

what is actually needed; the Conceptual Framework (Figure 4) reveals the importance of 
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collaboration between formal education (both secondary and tertiary level) and industry, in 

order to identify the skills required to satisfy the needs of Factories of the Future, as well as 

the delivery mechanisms that may be leveraged in order to raise awareness and motivation or 

enhance learning in the most effective way depending on a certain skill set to be promoted.  

 

After this first identification step, the content (activities incorporated in the platform 

promoting certain manufacturing skills) is integrated in the platform to be transmitted through 

the most appropriate delivery mechanism (s). This is not done in a static way, but on the 

contrary the users’ learning path is managed based on different requirements and criteria. The 

rationale closely related to the learning model (which will be thoroughly described in D2.4) is 

that every activity targets a certain learning objective corresponding to a specific age group 

and thus presenting a certain level of difficulty. More specifically, for what would be 

considered as early teenagers (approximately from 10 to 14 years old) the main learning 

objective would be to raise awareness regarding a given skill set and thus the level of difficulty 

of the experience/learning plan is the lowest one (L1). Accordingly, the second age group, i.e. 

late teenagers (approximately from 14 to 18 years old) are expected to go a step beyond 

awareness and touch the level of knowledge (at least to a basic extent) through their 

interaction with activities of medium difficulty (L2). Finally, regarding the oldest age group, i.e. 

young adults (above 18 years old), we aim to achieve the learning objective of application, that 

is applying already acquired knowledge regarding a specific skill set in a new situation. In this 

case the activities presented are of the highest difficulty level (L3).  

 

The spiral shape of the model reveals that it is an iterative process, according to which content 

actually remains the same and is reused and adapted to the different target groups. It is thus 

obvious that what is differentiated among the different age groups is the learning objective 

(awareness, knowledge and application) and the level of difficulty (L1, L2 and L3). On the 

contrary, the content (manufacturing skills) and delivery mechanisms are dispersed 

throughout all the age groups. 
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4. Towards the identification and definition of Manufacturing Skill Classes 

Literature review revealed that, although the meaning of manufacturing is relatively explicit 

and clear, many categorizations of it exist. In addition, extensive debates emerge concerning 

the definition of manufacturing skills as well as various methods and criteria applied to classify 

them in taxonomies. Some of those taxonomies are very general, while others are very 

industry specific (Toner, 2011).  

 

The goal of this report is not to create a new taxonomy, but based on relevant literature to 

identify the skills classes we consider important for manufacturing, in order to integrate them 

in the activities presented by our platform. It should be stated however that not all the skills 

mentioned below are promoted through the activities incorporated so far in the platform, nor 

will they be necessarily featuring some activities by the end of the project. By providing an 

account of what we consider important, we wish to build ManuSkills profile regarding major 

concepts of manufacturing, the reason being that our platform is not just another website 

trying to promote general education skills and competencies nor one exclusively oriented 

towards the promotion of a skills framework satisfying just the needs of a certain industry. 

ManuSkills project wishes to touch the whole range of manufacturing, whose basic grounding 

is set very early in a student’s lifecycle, i.e. during the teenage years through STEM education. 

Thus, although at this point we suggest a certain skills framework, constant needs analysis and 

the feedback we will be receiving from both internal and external stakeholders may lead to a 

differentiation of the framework, transforming and excluding existing skills or adding new 

emerging ones. 

 

Before explaining further the skills framework set by ManuSkills, we should briefly refer to the 

ones that mostly attracted our attention and affected the skills model, underlying the profile of 

ManuSkills platform. 

 

The Society of Manufacturing Engineers (SME) partnered with the National Association of 

Manufacturers (NAM) to design the Manufacturing Skills Certification System1. The NAM 

system is based on the ACT National Career Readiness Certificate, which assures 

manufacturers that individuals who enter the workforce have the core academic and 

workplace competencies for employment. The industry model framework below (Figure 5) is 

based on the competency model building blocks, which may be modified to satisfy the needs 

set by each industry. The basis of the pyramid includes Personal Effectiveness Competencies, 

which are expected by all the individuals as a result of successful education and socialization 

processes. The red blocks refer to Academic and Workplace competencies (what is widely 

known as soft or transferable skills), which should be proved by every employee no matter 

what their position is. Moving upwards, we approach the blocks of technical skills; firstly, the 

Industry-Wide Technical Competencies, i.e. basic skills required for the main domains which 

are common among all industries. Industry-Sector Technical Competencies come right after 

that, without being identified though, because every industrial domain regards a huge range of 

very specific technical skills, which should be supported only by the personnel specialized in a 

                                                           
 
1
 http://www.sme.org/skillscertsystem/ 
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certain area. Management Competencies and Occupation-Specific Requirements –as expected- 

top the Competencies pyramid.  

 

 
Figure 5: The NAM framework for industry skills and competencies 

 

The European Skills/Competencies, Qualifications and Occupations (ESCO, 2012) initiative was 

taken in order to deal with the problematic situation of identifying and classifying skills, 

competences and occupations, in a standard way, with a standard terminology for all EU 

languages and an open format, facilitating the integration in external stakeholders’ software. 

This step was taken to facilitate jobseekers, employers, educational/training institutions and 

online job portals throughout Europe to find a common language. The final structure of ESCO 

framework consists of three main pillars; occupations, skills/competencies and qualifications 

(Figure 6).  
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Figure 6: ESCO: the 3 pillars approach 

 

Each pillar has its own semantic structure, with the occupations pillar consisting of 

approximately 5000 occupations, organized in 390 groups based on the ISCO classification. 

Regarding skills and competencies, which consist our common point of interest, two large 

groups are identified, namely that of job-specific skills/competencies and the one of 

transversal skills/competencies (in general corresponding to the three first levels of the NAM 

framework), which are by definition cross-occupational. Regarding the third pillar, 

qualifications, version 0 of pre-ESCO does not contain a separate pillar; yet, the second pillar 

contains almost 860 qualification-related concepts. Browsing the skills/competencies unit in 

the ESCO portal (https://ec.europa.eu/esco/hierarchybrowser) one can come across the two 

main skills categories (job-specific and transversal) and proceed to their sub-groups and skills 

belonging to each of them. Definition of both the groups and skills/competencies is provided in 

many European languages. 

 

Given that ManuSkills is a project closely related to the education provided in the 21st century, 

we could not leave aside the 21st Century Skills Framework (Figure 7), which is not very close to 

the part of technical skills related to manufacturing but penetrates the whole spectrum of 

STEM education in the secondary level, as well as engineering studies in higher education and 

manufacturing education in workplace training initiatives. More specifically, the 21st Century 

Skills suggest the promotion and delivery of skills divided in three main classes: Life and Career 

(flexibility & adaptability, initiative & self-direction, productivity & accountability, leadership & 

responsibility, social & cross-cultural skills), Learning and Innovation (critical thinking, 

communication, collaboration and creativity), and finally Information, Media and Technology 

(access, evaluate, use & manage info, create and analyze media, apply technology effectively). 

The green bow refers to the core subjects (English, Reading or Language arts, Arts, 

Mathematics, Economics, Science, Geography, History, Government and Civics) as well as core 

interdisciplinary themes (Global awareness, Financial & business literacy, Civic Literacy, Health 

Literacy, Environmental literacy) 

https://ec.europa.eu/esco/hierarchybrowser
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Figure 7: The 21st Century Skills Framework 

Based on the aforementioned skills taxonomies and the survey we conducted in the frame of 

our project so far, we designed the Manufacturing Skills Framework (Figure 8), whose goal is to 

underlie the learning activities integrated in the platform.   

 
Figure 8: The Skills Framework of ManuSkills 

 

Given that this is an explicitly manufacturing project, in the core of our framework one can find 

the Industry –Wide Technical Skills, as they were defined and explained in the skills 

framework reported as a part of D2.1. After reducing 5 key ambitions suggested by 

ActionPlanT to 3 (On-demand, Innovation, Quality & Sustainability), for each ambition, 

Manufuture key topics and manufacturing roles for Factories of the Future were grouped 
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under 6 classes. Each of this classes was summarized under a short phrase illustrating the key-

skill (set) for the certain role1. More specifically:  

On Demand Factories of Future: 

- Rapid Prototyping: Production Engineers capable of rapidly prototyping new manufacturing 

systems in Engineering To Order (ETO) model, then continuously optimize their manufacturing 

model. 

- Reconfigurable Manufacturing: Production Engineers capable of reconfiguring an existing 

manufacturing system to adapt to a change in demand or design at minimal cost and minimal 

delay. 

- Virtual Reality: Production Engineers capable of simulating the details of the manufacturing 

processes, machinery kinematics, ergonomics… with maximum accuracy to allow virtual and 

augmented reality. 

- Process Management: Engineers, Workers and Managers capable of managing frequent 

changes of design and processes, and manufacturing of complex product configurations or 

Built To Order products. 

- Self-optimizing System Management: Engineers, Workers and Managers capable of designing 

and operating self-optimizing systems and advanced control systems. 

- Virtual Reality: Engineers, Workers and Managers capable of planning, operating and 

managing a network of plants and suppliers as a single “Virtual Factory” (a.k.a “Global Plant 

Floor”) integrating all shopfloor and supply chain activities. 

Innovative Factories of Future: 

- Equipment Design and Operation: Production Engineers and Technicians capable of designing 

and operating flexible, high precision production and test equipment. 

- Advanced Materials Integration: Production Engineers and Technicians capable of designing 

and operating new processes leveraging advanced, graded, bio-, nano- or hazardous materials. 

- Research & Innovation: Engineers and Managers capable of managing innovation life cycle in a 

manufacturing context, from laboratory assessment to ramp-up in production. 

- Intellectual Property Protection: Engineers and Managers capable of identifying, protecting and 

monetizing intellectual property attached to new equipment and processes. 

- Engineering Education & Training: Engineers and Managers of the “Teaching Factory” capable 

of training employees for emerging manufacturing job profiles, and assessing their skills.   

- Business Development and Change: Engineers and Managers capable of designing and 

launching new manufacturing business models based on finance- and science-based 

entrepreneurial spirit. 

Quality and Sustainability Oriented Factories of Future: 

- Compliance: Quality Engineers and Technicians capable of ensuring the compliance of 

products, manufacturing processes, and aftersales services with regulatory constraints, 

industry best practices and company rules. 

                                                           
 
1
 The descriptive phrase is just indicative of the role. Pilot studies and further elaboration will lead to the final tags 

related to the skills integrated in the filter area of the platform. 
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- Maintenance: Quality Engineers and Technicians capable of designing and executing 

preventative maintenance plans and condition-based maintenance of manufacturing 

equipment. 

- Lean Manufacturing: Lean Engineers and Technicians capable of optimizing processes 

efficiency enterprise-wide. 

- Sustainability: Sustainability Engineers and Technicians capable of optimizing end to end 

energy consumption and other environmental costs factors of manufacturing processes. 

- ICT Literacy: Engineers, Workers and Managers capable of configuring operations management 

ICT systems and managing the enterprise processes in real time. 

- Aftersales Services: Aftersales Engineers and field Technicians capable of designing, simulating 

and executing Aftersales services. 

 

ActionPlanT focused on e-skills for manufacturing, a very important notion for Factories of the 

Future (Bufardi & Kiritsis, 2013). ManuSkills attributes the same importance to manufacturing 

ICT skills and thus integrates them in the goals to be achieved through every single action 

taken. Concerning the definition of e-skills, we adopt the 2 main categories provided by the 

European e-Skills Forum in 2004. We do not adopt the 3rd category, since general digital 

literacy in reported as a part of soft skills. 

• ICT practitioner skills: the capabilities required for researching, developing, designing, 

strategic planning, managing, producing, consulting, marketing, selling, integrating, 

installing, administering, maintaining, supporting and servicing ICT systems. 

• E-business skills: the capabilities needed to exploit opportunities provided by ICT; to 

ensure more efficient and effective performance of different types of organizations; to 

explore possibilities for new ways of conducting business/ administrative and 

organizational processes; and/ or to establish new businesses. 

 

As already mentioned, the scope of ManuSkills only targets industry-wide technical skills, 

without going deeper to industry-specific technical skills included in manufacturing posts 

requiring high specialization in a very specific domain. This doesn’t mean that we would 

exclude for instance serious games or simulations used for training personnel in highly 

specialized skills, but that those skills are not our main priority, as they are not the ones 

needed to build and promote what we would call “manufacturing culture”, i.e. some general 

but indispensable features and concepts related to the world of manufacturing. 

 

On a secondary level, Manuskills aims to raise awareness and introduce students in the notion 

of what is widely known as soft skills. Trying to be a bit more explicit, we broke down this wide 

group in 3 main sub-groups: 

 

 Academic skills, correspond to the academic competencies reported in the NAM 

framework and include skills acquired through a person’s educational lifecycle. Basic 

Maths and Science skills, language and communication skills, basic information and media 

literacy (manage widely used hardware and software, access, evaluate and use info, 

create and analyze media) etc. 
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 Personal skills: this set of skills is related to features and qualities having an effect on 

someone’s workplace character. In this category we may include ethics, integrity, 

reliability, diligence, punctuality, the sense of (social) responsibility, lifelong learning etc.  

 

 Transferable skills: The combination of personal and academic skills, filtered through life 

and work experience (for young adults) results in what we call transferable skills, i.e. 

versatile skills that you can leverage in various working conditions and places. Teamwork, 

communication, adaptability, organization and planning, basic management, leadership, 

effective application of knowledge consist transferable skills which are gradually 

developed through an individual’s interaction in social, educational and professional 

environments and –once acquired- can be constantly adapted and re-applied in new 

relevant situations. 

 

A quick review of relevant literature will show that the aforementioned terms related to soft 

skills are neither defined nor classified in a standard way. On the contrary, there are many 

contradictions or even overlapping information within the same classification system. 

However, we should state in advance that the sub-groups suggested above are not absolute, 

but were chosen just to facilitate our attempt to map the skills promoted by a learning activity 

to certain and relatively explicit classes. 

 

Before closing this chapter, we should point out that the learning activities distributed through 

the platform do not promote one single skill, but a combination of technical and soft skills. For 

example, playing the “Lifecycle Assessment” serious game a student is mainly learning 

concepts related to sustainable manufacturing. However, in the background he/she is also 

involved in interaction requiring communication, ethics, lifelong learning, problem-solving, 

communication and teamwork skills. 

5. Exploring the Role of the Main Concepts in ManuSkills Platform 

The main concepts integrated in the Conceptual Framework, as they were described before, 

are explicitly or implicitly mapped and/or depicted in the platform.  

 

The main components of the platform are generally mentioned as (learning) activities and are 

presented in two main modes. Firstly, a single activity for the user to interact with can be a 

game, a video or a simulation through which the user may develop awareness or enhance 

knowledge of a specific manufacturing skill set. In addition, the platform presents learning 

plans, which are usually designed by teachers to be used by a student or another teacher, who 

would like to deliver a similar course. We could say that a learning plan consists of different 

activities structured in a certain way, so that at the end the student will have conquered a 

concept following a certain learning path, which exposes him/her to different aspects of the 

concept. For instance, if a teacher wishes to teach a specific skill (set), they could design a plan 

consisting of different steps, which leverages videos, presentations, serious games or 

simulations to present a concept from different angles. Any activities designed and developed 

for the first time in the frame of ManuSkills will be officially integrated in the platform, after 

having been validated through experiments conducted by the consortium members. Activities 
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uploaded in the platform, but not tested by ManuSkills experiments, can also be considered, if 

they have already been evaluated and validated through teaching practice of the project’s 

professors or external teachers and if they meet the criteria set by our project’s vision. 

 

The platform is designed in such a way, that it can be used by three different types of actors. A 

user is a person, who visits the site just to interact with the existing content, without having 

registered and created a personal account. If a user wishes to register, then he/she can create 

two kinds of account; a student, is a registered user who wishes to interact with the activities, 

so that he can be better and deeper initiated in the world of manufacturing. A student, while 

browsing the platform allows the platform to keep track of their path, so that the learning 

management mechanism can be activated. On the other hand, a registered user can be a 

teacher-designer, who cannot only interact as a learner, but also integrate an 

experience/learning plan, designed or just used by them regarding a certain manufacturing 

concept or skill (set). So far, the teacher-designer profile features are not developed, as the 

initial plan is that consortium members will be the ones providing the administrator with 

activities they have designed or adopted by other teachers. Then the administrator embodies 

the activities in the platform, for them to be validated by relevant stakeholders. Later on in the 

project or in a follow-up version of ManuSkills we will be able to fully develop this modality 

and figure out its exact features and potential. 

 

Concerning the main concepts embodied in the conceptual framework, namely the learning 

objectives, they cannot be found in an obvious place on the platform. This is because the 

learning objective is set by the teacher (designer) at the metadata level, when incorporating a 

new experience/learning plan. The user/student/teacher, although being the main target of 

the learning objectives, cannot choose the learning objective he/she wants to achieve at the 

end of the unit. Of course, the teacher-designer can state implicitly or explicitly the learning 

objective in the introduction/description of an activity, without that being obligatory though. 

 

The teacher-designer will also be asked to classify an activity, based on the skill(s) promoted by 

the certain activity. Although in chapter 3 we already presented some kind of skills taxonomy, 

according to which a teacher can tag a new learning unit with the corresponding skill(s), the 

platform will also allow the teacher-designer to tag a unit by a new skill, not suggested by 

ManuSkills framework. Consequently, the skills framework will not be static but constantly 

changing and evolving in a dynamic way through the folksonomy established by teachers. This 

step is not yet implemented. Pilot studies in the near future will also focus on the importance 

and effectiveness of using a folksonomy instead of a predetermined taxonomy. The relevant 

results will be disseminated through the Learning Model and the final Conceptual Framework 

reports.  

 

However, as far as the user/student is concerned, the main features are already developed. 

Let’s try to follow a user’s path throughout the platform, in order to understand how the main 

concepts are incorporated in the platform. First of all, a user visiting the site for the first time 

should decide if they want to register and create an account (student or teacher) or just 

browse through the content presented. The difference between the two options is that the 

registered user will have provided the system with an initial profile to be considered by the 
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system, so that the learning management mechanism is activated. In other words, if a student 

belonging to the lowest age group (ex. 12 years old) registers, the system will be automatically 

recommending activities appropriate for his/her age, without of course excluding initiatives of 

the individual to also interact with activities out of this range. Another reason for users to 

register is that every time they engage in an activity, the system takes notes in the background 

and keeps track of their path, so that recommendations are made accordingly enabling the 

activation of both learning management and gamification mechanisms. We will not insist more 

on these points, as these are to be explained in details in the Learning Model deliverable.  

 

Either registered or not, users can choose their own path in the platform based on certain 

criteria, through which they can filter their search and interaction. As shown in Figure 9, the 

home page presents randomly units included in the platform using the tiles-style. Further, on 

the top right users can see their status (logged in or not) and can choose the language they 

prefer. Below that there is a bar with four button boxes, which refer to the filters that can be 

applied for a more efficient search. 

 

The box “Skills” allows the users to choose the skill they want to get introduced to or get 

deeper knowledge of it. This is the place, where the aforementioned skills will be incorporated, 

for the users to make their pick. Of course, we can and will not include all the skills described 

above, but the ones we consider the most usual or important, an insight that will be provided 

after conducting pilot studies.   

 

The second box “Activity type” actually refers to the delivery mechanisms leveraged for the 

promotion of a certain skill set. So far in this box a user can just make a choice among videos, 

simulations, hands-on activity and games. If necessary, in the future this box will be enriched 

with other delivery mechanisms suggested by users or content designers.  

 

The third box is devoted to the “Age group”. For unregistered users, this box allows them 

choose an activity tailored for their age, while for the registered ones it provides them with the 

freedom to take up activities correspondent to a different age group.  

 

The “Level” comes last, in the fifth box, where users can decide if they want to interact with an 

activity of their level or a more challenging one. The correspondence between the levels 

depicted in the Conceptual Model and the ones suggested by the platform is: 

 L1: Introductory and Easy level 

 L2: Medium level 

 L3: Hard and Master level 
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Figure 9 - Home page of ManuSkills platform 

 
After filtering the search according to the criteria set, the user will get the activities meeting 
those criteria. As a next step, an activity should be chosen for the user to start interacting. Below 
(Figure 10) we will just show an example of the platform interface, after the user has chosen the 
EcoFactory experience.  
 
More specifically, the player can see a picture of the user interface of the game, while presented 
with an introduction and the key points of the game. In addition, before starting, the player can 
have a quick view of some instructions (here mission, controls and interaction) by clicking on the 
corresponding button. 
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Figure 10: A snapshot of the platform presenting the EcoFactory experience 

 
 
On the top left of the page users can confirm the criteria met by their choice. In the EcoFactory 
case, the user, belonging to the secondary age group, has chosen a single activity which includes 
playing a game (the delivery mechanism is the only feature not mentioned in the criteria area) at 
an introductory level in the subject area of Sustainable Manufacturing. Let us remind that the 
main tag regarding the Subject Area, i.e. skill, is Sustainable Manufacturing. This is because 
ManuSkills focuses mainly on the promotion of Industry Wide Technical Skills, taking though into 
serious consideration and promoting as well relevant soft skills required by industrial 
stakeholders (see chapter 3). 
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6. Relation among Stakeholders – Technology – Learning Model 

Following the vision set by ManuSkills, our goal is to engage all stakeholders –directly or not- in 

the design of the learning model underlying the development of our main technology, i.e. the 

ManuSkills platform. 

Regarding the conceptualization of the learning model, during the state-of-the-art stage, we 

consulted reports coming both from the industrial and academic premises, in order to identify 

gaps in the existing technologies and methods used to deal with the problem of young talents’ 

low interest and awareness towards manufacturing. Besides studying relevant reports, each 

partner activated their industrial and academic network, in order to get realistic insight from 

manufacturers or educational institutions relevant with our projects’ goals. Reports conducted 

by career coaches in the secondary and tertiary level were also taken into account, since we 

consider that these professionals could have a significant impact on the young generation 

regarding their image of manufacturing. 

After gathering input from various stakeholders, we conducted an initial specification analysis, 

which led us in the conceptualization of the first version of the learning model, which was 

afterwards implemented in the development and customization of the project’s platform. Both 

the learning model and the platform are currently not fully developed, since a continuous 

needs analysis brings up issues that are first tested and then discussed among the consortium, 

in order to finally identify the optimal way of developing a platform bringing added value in 

the context of manufacturing education.  

In the official evaluation stage, which is expected to run during autumn of 2014, all the 

aforementioned stakeholders (students, teachers, parents, career coaches, industry 

representatives) will be presented the platform in terms of official or unofficial initiatives 

(experiments, workshops, presentations etc.), in order to provide us with feedback, which will 

then be used as valuable input for the evaluation and optimization of the platform’s features 

and content. 

Given that the present document is a mid-term report and actions concerning the 

development of both the learning model and the platform are still under progress, a detailed 

reference on the contribution of each stakeholder towards their finalization will be included in 

the Learning Model report, when the task will is considered as complete. 
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Conclusion 

 
The existence of many different terms used to define the same concepts regarding manufacturing has 
caused a problematic situation of misconceptions and contradictions. In the present deliverable we 
attempt to define concisely concepts of great importance under the sight of our research lens, so that 
initiatives and actions taken from now on are described and interpreted using common semantics.  
 
Particular attention is given to the identification and definition of the skills needed to be promoted in 
order to initiate the young generation to what we call “manufacturing culture”, i.e. a general 
understanding of the main notions related to manufacturing, so that we can achieve the main target of 
this project, i.e. an increase in young talent’s awareness towards substantial features of Factories of the 
Future. Thorough research of related literature combined with ManuSkills Vision led us to the 
conclusion that ICT-based delivery mechanisms should be leveraged in order to primarily promote 
industry-wide technical skills, without though underestimating the value of soft skills, which are of 
similar importance in the era of a constantly changing manufacturing profile. 
 
The present deliverable consists the initial version of the Conceptual Framework, to be further refined 
based on the feedback provided by the upcoming evaluation actions and finally submitted at the end of 
the project. Consequently, it serves as a first introduction and preliminary guidance regarding the final 
Conceptual Model underlying the most important modules of ManuSkills project. 
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