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ABSTRACT 
 
The way how work is done undergoes big changes in the future. It will not be enough to just 
merely follow the pre-set goals and use methods defined in advance. It is important to realize 
that one’s competence is actually built in relation to others and it is used as part of a whole. 
Fewer and fewer jobs can be done in isolation. (Oivallus 2011.)This change means that a 
boundary crossing approach for instance in problem solving, service or product creation, 
research or organizational is needed (Lehto, Kairisto-Mertanen & Penttilä 2011). 
 
The Turku University of Applied Sciences (TUAS) has developed a concept called innovation 
pedagogy which aims to give our students possibilities to educate themselves to be the 
innovative citizens of tomorrows learning organizations. The ultimate aim of innovation 
pedagogy is to reach the final learning outcomes, innovation competencies, which are 
related to the competencies possessed by the students when entering working life once 
having completed their degrees. (Kairisto-Mertanen & al. 2011; Kairisto-Mertanen & 
Mertanen 2012; Kairisto-Mertanen & al. 2012.) 
 
This paper will present how the concept of innovation pedagogy contributes to the 
development of future engineers capable of engaging themselves in the requirements of 
“not-by-the-book-work” when innovations are needed. We also present innovation 
competencies which we have defined to include individual, interpersonal and networking 
aspects of the competencies. Finally we explain different methods to be applied when 
reaching these competencies. 
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INTRODUCTION 
 
The world surrounding practically any university all around the world is under a constant 
change because of such issues as technical development, globalization, climate change and 
economic crises. The rate of this change accelerates on a speed never seen before. The 
availability of the Internet has brought knowledge and information to the reach of everybody 
having access to the network. Every possible piece of information needed for educating high 
level professionals is easily available. However, at the universities we still tend to educate 
students with traditional methods meant originally for a world, which is stable and 
emphasizes mainly learning of explicit knowledge. Methods better suited for a constantly 
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changing world focus on activating students in learning and include also unofficial and 
exceptional situations.  
 

The way how work is done undergoes big changes in the future. Once our present students 
enter working life after the university they are most likely to find less and less situations 
where the goal of work and the methods to be used are pre-determined. Instead they will find 
themselves in situations where the methods to reach a goal are not carved in stone. 
Sometimes even the goal itself might be left open. This change requires new skills from 
university graduates, engineers among them. It becomes necessary to develop not only 
one’s individual competences but even more importantly to realize that competences are 
actually built in relation to others and used as part of a whole. Fewer and fewer jobs are done 
in isolation. Working life is based on teams that work together to solve a problem or to create 
something new. (Oivallus 2011; Kairisto-Mertanen  al. 2012; Kairisto-Mertanen & Mertanen 
2007.) 
  
The on-going change and new requirements set by different bodies mean that modern world 
is facing issues and challenges, which are becoming more and more difficult to address 
within the framework of a single method, be that a discipline or a profession. When aiming to 
create new innovations, which not have previously been thought about it becomes necessary 
to enhance creativity by crossing boundaries in problem solving, in service or product 
creation and in research or organizational team work. (Penttilä & al. 2012) 
 
Also the engineering profession is undergoing big changes what comes to the requirements 
set for our young graduates. When entering working life they are facing the challenge of 
global environment, increasing competition, temporary working positions, demand to be 
innovative, capability to work in multi professional teams and an independent way of doing 
things. It is obvious that if their studies include elements preparing them for this kind of 
working life situations it is a benefit not only for them but for their employers as well. 
 
Turku University of Applied Sciences is one of the big multidisciplinary universities of applied 
sciences in Finland. Its organization has been built in such a way that the faculties include 
not only engineering programs but other programs as well. This makes it possible to create a 
working environment which corresponds to the need of having multiple surfaces where 
different people studying totally different subject matters can meet. The way how studies are 
organized leaves the students space for individual choice and a practical way of engaging 
oneself with the different projects being carried out by the extensive research and 
development activities of the faculties. A lot of emphasis is put on creating a social learning 
environment which supports creativity and which is tolerant for new contacts to be made and 
new ideas to be born as it is known that innovations are best born in a special culture which 
includes freedom to think, equality and brotherhood.  
 
 
INNOVATION PEDAGOGY 
 
There are various definitions for an innovation which makes it important to define the concept 
when talking about them. An innovation can be defined as an idea, practice or object which is 
considered new by the people (Rogers 2003) or a solution which brings economic benefits 
(Sitra 2006). In Finland’s national innovation strategy (Innovation Strategy 2008), an 
innovation is understood as a competitive advantage based on knowledge. In the context of 
innovation pedagogy, an innovation is understood as the process of constantly improving 
knowledge, which leads to new sustainable ideas, products, further knowledge or other 
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practices applicable in working life. (Lehto & al. 2011.) According to this definition in addition 
to a more traditional view an innovation can also be understood as a process which can be 
already existing but new in the circumstances where it is being applied.  
  
The universities of applied sciences have a big role in developing a new generation of 
professionals whose conceptions of producing, adopting and utilizing knowledge make 
innovative thinking and creating added value possible (Lehto & al. 2011; Putkonen  al. 2011.) 
Especially engineers are in a key position because they in many cases are the ones who 
make and design the ideas into a form which can be commercialized. A challenge is to 
integrate applied research and development, entrepreneurship and flexible curricula to meet 
the multi-field customer needs in regional and international networks. (Kettunen 2011) It has 
become necessary to develop learning and teaching processes so that they provide 
improved competences for the students and enable personal and professional growth. 
Learning is deeper when the previously gained knowledge is continuously applied in practical 
contexts. (Kairisto-Mertanen  al. 2009.) 
  
To a big extent the role of education has traditionally been to give knowledge-based 
readiness, which later would be applied to practice in various innovation processes in 
working life. Innovation pedagogy is a new approach to learning which introduces how the 
development of students' innovation skills from the very beginning of their studies can 
become possible. According to its definitions it is a learning approach that defines in a new 
way how knowledge is assimilated, produced and used in a manner that can create 
sustainable innovations (Kairisto-Mertanen  al. 2010). It is a new strategic approach to 
learning – the innovation culture to be followed in the university. Innovation pedagogy 
contributes to the development of new generation of professionals whose conceptions of 
producing, adopting and utilizing knowledge make innovative thinking and creating added 
value possible. (Kairisto-Mertanen  al. 2009.)  

 
Figure 1. Methods, objectives and learning outcomes according to innovation pedagogy 

  
As figure 1 shows the ultimate aim of innovation pedagogy is to reach the final learning 
outcomes which are related to the competencies possessed by the students when entering 
working life once having completed their degrees. The aim of the whole educational process 
is to equip students with the core competencies of their own subject matter and in addition to 
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that also prepare them to become active contributors in the different innovation processes 
they are facing when working as entrepreneurs or employees. (Harden 2002) To reach this 
goal it becomes essential to define the desired goals, knowledge, skills and attitudes, which 
refer to the learning outcomes related with the capability of being able to act innovatively. 
These learning outcomes are called innovation competencies.  
  
The meta-innovations are essential requirements for innovation pedagogy to succeed and 
they must be developed and used so that the cornerstones of innovation pedagogy are 
enabled in the learning environment. The cornerstones, which are existing in all education 
delivered in TUAS include innovative learning and teaching methods, cross-disciplinary 
learning environment/boundary crossing, integrated and extensive research and 
development activities, flexible curricula, concentration of acknowledging the importance of 
entrepreneurship and service production and internationalization in the level of research, 
development and student engagement. The methods used target specially to contribute to 
the development or student’s interpersonal and networking competencies.  
 
INNOVATION COMPETENCIES 
 
Learning outcomes are statements which are used to describe specifically what is expected 
from a learner related to understanding, knowledge and know-how at the end of a certain 
period of learning. They are broad statements of what it is achieved and assessed at the end 
of the course of study. (Harden 2002, Buss 2008.) They represent an approach to education 
in which the decisions about the curriculum are driven by the outcomes the students should 
display by the end of the course. In outcome-based education, a product defines a process. 
The curriculum is being developed from the outcomes the students are wanted to 
demonstrate rather than writing objectives for the curriculum which already exists. A learning 
outcome is a written statement of intended and /or desired outcome to be manifested by 
student performance. (Spady 1988; Harden  al. 1999; Proiz 2010.) The guidelines for 
defining learning outcomes recommend that they should be clearly observable and 
measurable. (Buss 2008.)  
 
Innovation competencies are the learning outcomes which refer to knowledge, skills and 
attitudes needed for the innovation activities to be successful. The methods applied and the 
way how teachers and students interact constitute the basis for learning and thus enable the 
development of them. The methods used also facilitate intuitive and unexpected learning 
during the learning process and make transmitting of tacit knowledge possible when dealing 
with working life. In innovation pedagogy this kind of learning outcomes can manifest 
themselves in the format of intuitive and tacit learning which takes place in the learning 
situation. They can be e.g. experiences on cultural differences, on working at customer 
surface etc. The core idea in innovation pedagogy is to bridge the gap between the 
educational context and working life. Learning and teaching processes are developed so that 
they provide improved competences for the students and enable personal and professional 
growth. Learning is deeper when the previously gained knowledge is continuously applied to 
practical contexts. (Putkonen  al. 2011.) 
 
The outcomes cover both cognitive and practical skills and are divided into components 
consisting of cognitive, psychomotor and affective domains of an outcome. They can be 
called knowledge or understanding, skills and attitudes, feelings and motivation accordingly. 
The distinction among knowledge, skills and motivation is important because performance 
can be enhanced or inhibited by any one or all of these components. Learning outcomes are 
also guaranteed achievements which can be institutionalized and incorporated into practice. 
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The ownership of the outcomes represents a more student-centered approach. Students 
take responsibility for their own learning. (Harden 2002) As it is argued that learning outcome 
might not be suitable for every discipline of education, literature also speaks of emerging 
learning outcomes and thus leaves room for emergent ones which differ from the 
predetermined intended ones and make unexpected occasionally occurring learning possible. 
(Buss 2008.) The future curricula also in technical education calls for flexibility, ability to be 
rapidly modified and adapted to new circumstances, instead of fixed and strict structures. 
Curricula should be designed and developed in an open and network-based environment in 
order to observe societal development pressures emerging from the economy, to react to 
them, and to act in a value increasing way in national and global value chains. The circle of 
continuous improvement contributes not only to the continuous development of the included 
elements in curricula but also ensures the competencies and professional qualifications of 
students. This professionalism is responsibility-centered as well as development-oriented; it 
encourages actors to absorb and create new knowledge, which supports creating 
innovations in working life. (Penttilä 2012.) 
 
Innovation competencies are learned gradually as new information is added to our 
knowledge structures. Knowledge acquisition and application are critical components in this 
process. Thus, creating new services, products and organizational or social innovations – 
new added value – requires both knowledge and skills, which are applied to an innovation 
process. (Penttilä 2012; Nonaka & Takeuchi 1995; Nowotny & al. 2001; Nowotny 2003.)  
 
The innovative individual forms the base for any innovation activities to take place. 
Innovativeness at individual level usually demonstrates itself as creativeness. But in many 
cases this is not enough, instead the idea needs to be examined by other creative individuals 
who get the chance to contribute and develop it further. In this phase the further development 
of future innovations calls for interpersonal competences in the participating individuals. After 
interpersonal examination the next level is to connect to the existing networks of the 
individuals involved. In order to reach successful results a well working network and 
competencies to operate in the network are needed. Only flowing information and knowledge 
can create learning in the organization and organizational learning in many cases is an 
antecedent of innovational behavior. 
 
As a result of the development work at TUAS three categories of innovation competencies 
were defined (Kairisto-Mertanen & al. 2011): 1) Individual innovation competencies, 2) 
interpersonal innovation competencies and 3) networking innovation competencies. The 
defined innovation competencies cover generic individual competencies, and also generic 
interpersonal and networking competencies, following the guidelines presented by EQF EQF 
2011.). Individual innovation competencies include independent critical thinking and decision-
making; target-oriented and tenacious actions; creative problem-solving and development of 
working methods; self-reflection and development of own skills and learning methods. 
Interpersonal innovation competencies focus on the ability to co-operate in a diversified team 
or working community; ability to take the initiative and to work for the public benefit; ability to 
work in research and development projects by applying and combining knowledge and 
methods of different fields; ability to work along internalised principles of ethics and social 
responsibility; and ability to work in interactive communication situations. Networking 
innovation competencies cover the ability to create and maintain working connections; ability 
to work in networks; ability to co-operate in a multidisciplinary and multicultural environment; 
and ability to communicate and interact in an international environment. Innovation 
competencies, therefore, cover the entire range of social competencies, as often listed as 
learning outcomes within EQF. 
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INNOVATION PEDAGOGY AND DIFFERENT EDUCATIONAL RESEARCH, 
DEVELOPMENT AND INNOVATION METHODS 
 
Innovation pedagogy is a learning approach but it is also a strategic decision to reform 
existing pedagogical structures and curricula in higher education, the field of technical 
education being one of the fields. Several actors are influencing to the pedagogical climate. 
Grass-root level feedback from students and teachers is needed in order to ensure a new 
way of building the curricula and applying novel methods in delivering the education. 
However, without a joint vision and strong engagement of the management, the sustainability 
and coherence of the educational services cannot be ensured. 
 
How to make the reform possible? We trust on a step by step approach and on the power of 
positive experiences. There are several practical and concrete examples of delivering the 
education according to the principles of innovation pedagogy in the field of technical 
education. [For examples see: Kairisto-Mertanen  al. 2012). According to the aims of 
innovation pedagogy different educational research development and innovation methods 
must be developed so that when the meta-innovations, cornerstones of innovation pedagogy 
can be found in the learning environment as presented in figure 1. The meta-innovations 
contribute especially to the development or student’s interpersonal and networking 
competencies. They include gross disciplinary environment, research and development 
activities executed by a big amount of students, flexible curricula, concentration of 
acknowledging the importance of entrepreneurship and service production and 
internationalization in the level of research, development and student engagement.  
 
R&D projects carried out together with external operators and undertakings funded from 
external sources are part of everyday functions at TEB. An increasing amount of work 
conducted in the projects is performed by the students of the faculty. Thus the ability for 
independent and responsible working methods as well as the mastery of the basics of project 
work is expected of the students throughout their studies. (Kairisto-Mertanen  al. 2012.) 
 
One of the new ideas for applying and carrying out education according to the principles of 
innovation pedagogy is a method called hatchery work. This method combines real life 
assignments, peer counselling and working in gross disciplinary groups including the 
international aspect in all work. It is a teaching and learning method which includes different 
types of hatcheries. The principle of carrying out the work in the hatcheries is approximately 
the same but the expertise level of student varies in the different hatchery types. A first year 
student is capable of handling less complicated assignments requiring not so much expertise 
whereas a third year student has much more content, often individual, knowledge to be used 
when participating in the hatchery work. 
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Figure 2. The different hatcheries in the student’s path 

 
The first step is to create a multidisciplinary learning environment. One successful example is 
project hatchery designed in TUAS. It is by making new students work in multidisciplinary 
teams during the first semester of their studies we have been able to create a tolerant and 
supportive learning environment where students in one discipline do not feel themselves 
better or worse than students in another discipline.  
 
When applying new pedagogical methods according to innovation pedagogy it seems to be 
critical to put a lot of emphasis in mentoring the students. (Lappalainen 2012.) Using these 
methods seems to require cooperation and careful planning of how the division of tasks is 
done among university personnel.  
 
The need for innovative engineers and other professional in the field of technical education is 
global which means that the interest towards new teaching and learning methods also should 
be global. Future engineers will be working in companies with global orientation. This 
requires active global attitude and cooperation, also in the development of curricula and 
planning of pedagogical and didactical methods. 
 
When innovation pedagogy is applied it is essential, as can be seen from figure 2, to give the 
students several opportunities to engage themselves in different kinds of hatcheries during 
their studies. Junior project hatchery forms the base and introduces the capabilities needed 
for this type of studying and working. After that it is up to the student to choose between 
different available options.  
 
The research hatchery is meant for the students in the beginning of their studies who have 
completed their basic studies and, as a result, are familiar with the basic methods of the field 
and have thus reached an appropriate level of general knowledge on the topics of the more 
advanced hatchery. The students may also have experience of project activities when they 
get involved with the research hatchery.  
 
Both the research hatchery and the advanced Project hatchery are essentially content-
orientated. In other words, the target learning outcome of them relate to the subject matter 
itself. The difference between the research hatchery/advanced Project hatchery and the 
junior project hatchery is at its greatest in this context, in junior project hatcheries the 
orientation is towards methods rather than contents when compared to junior Project 
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hatcheries. Working within the conceptual sphere of the project hatchery and gaining 
methodological skills precedes the production of content which happens in the research 
hatchery. 
 
Practical training is a compulsory part of the education in a university of applied sciences and 
it always takes place out at the workplace where contacts to real working life are natural. 
Thesis work is another compulsory part of a university degree; it is preferably accomplished 
in close co-operation with working life. Research hatcheries bring the research done at the 
university to the proximity of every student. A student can participate in a research hatchery 
several times during the studies and move from less complicated tasks to more complicated 
ones as the studies progress. Advanced Project hatcheries bring the working life problems to 
the university to be solved by the students. They offer a great and easy access point to the 
surrounding environment and make it possible for the students to start building networks with 
working life partners already during their studies.  
 
INNOVATION PEDAGOGY AND CDIO 
 
It seems obvious that the CDIO approach and Innovation pedagogy share similar goals. Both 
share the ideology about defining the key competences needed in working life and both 
intend to activate the student and define the learning goals deriving from the needs of the 
surrounding environment. The CDIO approach has a clear focus on engineering education 
whereas innovation pedagogy tries to bear in mind the broader needs of the entire economy 
and focuses on producing valid competencies for the future society where special emphasis 
is put on innovation creation. Innovation pedagogy can be applied to all the disciplines and to 
all education be it in the university at any program but also to other levels of education e.g. to 
secondary education where the basis for the students’ understanding of learning is created.  

The CDIO syllabus goes to a deep level of detail while defining the necessary competences, 
but it is good to remember that CDIO syllabus is also a reference list and all of the features 
are not meant to be followed in detail. Innovation pedagogy focuses on providing the 
methods and tools to provide the three categories of innovation competencies: individual, 
interpersonal and networking innovation competences. Innovation pedagogy states that 
certain cornerstones or “meta-innovations” are needed to succeed in this task. In all, 
innovation pedagogy can form an extensive pedagogical strategy for any educational 
institution providing both objectives and methods and tools in order to reach the desired 
learning outcomes leading to innovation creation. (Penttilä  al. 2013.) 

Part of the innovation pedagogy cornerstones are easily found in CDIO too. For example 
innovative learning and teaching methods corresponds well with the CDIO standards 7 
(Integrated learning experiences) and 8 (Active learning).  Cross-disciplinary learning 
environments and integrated and extensive research and development activities are not 
specifically emphasized in CDIO, but for example working in different types of teams and 
cross-disciplinary teams are listed in CDIO syllabus. These competences can be achieved 
for example with a cross-disciplinary implementation of standard 5 (Design-Build 
Experiences). When entrepreneurship is understood to include behaviors and skills that allow 
individuals and groups to engage them in creating innovations and coping with high levels of 
uncertainty in all aspects of their life it seems obvious that innovation competencies include 
many of the competencies needed when becoming an entrepreneur. (Penttilä & al. 2013.)  

Entrepreneurship and internationalization are included in the CDIO syllabus in various parts. 
Internationalization is mentioned as communication skills in foreign languages, developing a 
global perspective and working in international organizations. Entrepreneurship is named in 
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enterprise and business context as well as in the new syllabus addition engineering 
entrepreneurship.  

CONCLUSION 
 
Innovation pedagogy is being developed further to correspond to the needs of new 
generations of students and to the needs of future working life. We feel that there a need for 
a new culture in education. This new culture should guarantee that all work in the higher 
education institutions is done so that the requirement of the changing working life is being 
met. There requirements affect also the engineering profession. The new engineers must be 
able to work in multicultural and multi professional teams finding creative and unique ways to 
solve the problems which will bring added value to the whole society. Understanding about 
work at customer surface and about the mechanisms how to best contribute to the creation 
of competitive advantage for the organization are essential for any engineer in the future.  
 
On a practical level innovation pedagogy integrated with CDIO approach means applying 
existing learning and teaching methods in a creative, value-increasing way. Simultaneously, 
new methods are developed and put into practice while ensuring that students take 
responsibility for their learning and that they actively pursue their learning objectives. As a 
result, graduating students have professional skills and qualifications that are both innovative 
and development-oriented. Innovation pedagogy strengthened with CDIO approach moves 
further from traditional theoretical learning to the application of learned skills to practical 
development challenges.  
 
According to our understanding and experiences the CDIO concept has proven to be a the 
way how to apply innovation pedagogy in engineering education. We believe that when 
multidisciplinary operations and real life assignments within research and development work 
are included into the CDIO thinking it will contribute to the emergence of even more 
innovative engineers. Innovation pedagogy is a whole new innovation culture needed in the 
universities and in every field of education. 
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