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ABSTRACT 

Increasing complexity at all  levels of society calls for competencies that enable various stakeholders 
such as researchers, policy makers, managers, citizens and others to collaboratively and creatively 
generate innovations as paths for future development for the multifaceted real-world problems we face 
within families, organizations, and regions, as well as on national and meta-national levels. Usually, 
those complex problems cannot be solved by routine problem solving alone, but require additional 
nonroutine creative problem solving at the individual and collaborative level, as well. Although the 
necessity to innovate is widely accepted in both the academic and the practical worlds, the discussion 
about appropriate competencies for dealing innovatively with an increasingly complex world lacks far 
behind. In this paper we reflect on prevailing competence categorizations with regard to the specific 
competencies needed to deal with complex systems and, additionally, present the preliminary results 
from an empirical investigation of 450 students about their competence-related preferences. 

INTRODUCTION 
There seems to be a big difference between the problems we faced in the past compared with the 
problems we face today, and that difference is their complexity. Today’s systems have more variable 
elements than ever before that show not only intense interaction among each other, but also with their 
environment, and are characterized by changing patterns of behavior in very short time intervals which 
implies that forecasting a single event actually becomes impossible and that changing patterns need to be 
considered as a set of potential paths of future development [10] [19] [22]. System patterns change 
increasingly faster at all levels of society and innovations occur not only on a technological level, but at 
various cultural and socio-economic levels, as well. As complexity increases, the collaborative effort 
within the problem-solving process becomes more important [21]. Furthermore, the more innovative the 
solution is for the complex problem, the corresponding degree of change will also be higher. The need 
for collaborative strategies for integrating various disciplines but also for joint collaborative processes 
among various stakeholders of organizations and of society becomes obvious in many theoretical 
approaches with practical relevance such as concepts like open innovation and transdisciplinary problem 
solving [3] [4] [19], social innovation [9] [8], open creativity [21] [22], society-, user-, customer-, or 
stakeholder-driven innovation [26] [27] [23] [25], and living labs [6]. Nevertheless, not much has been 
said about the specific competencies needed to accomplish these highly demanding challenges of 
collaborative problem solving and how educational policies, and related educational strategies, can be 
designed accordingly. Many previous educational strategies have been successful in providing the 
competencies needed to deal with routine problems, but they are not sufficient with regard to the specific 
requests of solving complex real-world problems. Instead, adequate educational policies and strategies 
are needed, based on competence concepts that address the peculiarities of complex problems. Routine 
problems can be solved by prescribed procedures, such as a calculation that requires the application of a 
certain algorithm; in other words, the present state (the routine problem) and the future state of the 
considered system (the solution), as well as the underlying procedure (the application of the algorithm), 
reveal deterministic characteristics. On the other hand, unique problems, such as the search for a 
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solution to a political conflict or the challenge of generating an outstanding product innovation in a 
specific field, cannot be solved solely by applying routine problem solving, but require additional 
nonroutine problem solving in conjunction with logic and objective-oriented creativity (based on an 
appropriate understanding of the underlying system and of the particular problem-solving process). Our 
objective with this paper is to reflect on the shortcomings of previous competences models with respect 
to their capability to solve complex problems as a basis for a more conceptual proposition of a general 
framework of competencies for dealing with complex problems 

COMPETENCIES: DEFINITIONS AND META-FRAMWORKS 
As shown in various competence concepts [12] [15] [16] [7], a meta-framework of competencies with a 
finite number of core-dimensions can help to make investigations more transparent, improve the 
orientation within comprehensive competence inventories, and build a powerful basis for the 
management of competencies. This can include the drafting of specific strategies for the development of 
a unique set of competencies. The Latin expression, competentia, is grounded in the verb competere and 
means “to coincide,” but also “to be assigned to” or “to be due to” [14] [5]. The acquisition of 
competencies is different from the acquisition of knowledge, abilities, and skills. Generally speaking, 
knowledge can either be declarative or procedural and might be presented in explicit or tacit forms; 
abilities are related to the talent of an individual and present more stabile characteristics. Domain-
specific, as well as domain-general skills, are the expertise gained by repeated exercises within cognitive 
or motoric processes. Whereas knowledge itself is not necessarily related to real-world action, the 
capability to apply this knowledge in diverse settings in an adaptive way is a core-characteristic of 
competencies. Competence can be a useful term, bridging the gap between educational and vocational 
requirements. Different than qualifications, competencies are more analogous to self-organized acting; 
In contrast, qualifications are independent of applied action and, instead, reflect current standardized 
skills and abilities [5]. Another definition, by UNIDO [24], considers competencies as “[..] a set of 
skills, related knowledge and attributes that allow an individual to perform a task or an activity within a 
specific function or job.” 

Westera defines competence as „[...] the ability to produce successful behaviors in non-standardized 
situations […] [28].” Similarly, Erpenbeck & von Rosenstiel [5] define competencies as manifestations 
of self-organized acting; competence becomes a form of appreciation of an intellectually self-organized 
agent based on the judgment of an observer. Hence, self-organization is related to actions that cannot be 
predicted at all (or only marginally), because of the complexity of the whole problem-solving system 
that depends on the agent(s), the current situation, and the underlying problem-solving process. With 
regard to corresponding concepts, Westera further stresses „[…] the need for a concept of competence 
that surpasses the levels of knowledge, skills and attitudes originates from the observation that 
something „extra“ seems to be necessary to ensure effective and efficient performance” [28]. 
Simultaneously, he refers to the difficulty to draw a border between competencies, skills, and abilities.  

According to Howell [13], the development of competencies can be considered a four-stage learning 
process starting with a stage of unconscious incompetence, followed by a stage of conscious 
incompetence (as a starting point for the acquisition of certain competencies), which leads to a stage of 
conscious competence that leads to unconscious competence as the highest level of development. There 
are conflicting details about the origin of this learning model (as stated by Adam [1], the model might 
either be referred to Howell [13] or to Gordon Training International; the question of the origin of this 
model is discussed in detail in Chapman [2]). To put it together, competencies consist of the agent’s 
knowledge, skills, and abilities that are applied in a real-world setting and depend, themselves, on self-
directed rules, attitudes, values, and norms. Hence, competencies allow for the development of target-
specific behaviors suitable for dealing with complex, non-standardized problems. 
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CHARACTERIZATION OF COMPETENCE CONCEPTS 
Most common classification schemes usually consist of three or four dimensions. Typically, a three-
dimensional scheme is composed of professional, methodological, and social competencies [7], and a 
four-dimensional scheme may have personal competence as a fourth category [12] [15] [16]. Another 
example of an applied three-dimensional concept is the UNIDO competence typology that consists of 
managerial, generic, and technical/functional competencies [24]. For characterizing the different 
concepts, the following criteria were used: (i) author or source of origin; (ii) a distinction between 
general competence inventories versus domain specifity; (iii) the year of origin; (iv) the number of core-
dimensions; (v) the number of further items (if available); and (vi) the specification of core-items. 
Specific shortcomings in the previous competence discussion are outlined below. Summarized, the main 
shortcomings of competence concepts and inventories, with respect to the requirements of complex 
problem solving, are confusing agglomeration of competence components with missing classification 
according core-dimensions; increased complexity of real-world problems is not adequately taken into 
account; imprecise, and/or improper, use of the concepts of knowledge, abilities, skills, qualifications, 
and competencies; intense focus on single domains of application rather than connecting them to general 
competence frameworks and, therefore, making meta-disciplinary investigations impossible; lack of 
differentiation between general and domain-specific competencies; incomplete, or one-sided, categories; 
overlapping categories such as in the case of “methodological competencies,”; missing process and 
systemic orientation; and missing peculiarities with regard to competencies for collaboration. 

A PROPOSED CONCEPTUAL MODEL 
Complex problem solving processes in real-world settings, such as the fact that innovation increasingly 
depends on collaborative effort, which is more than just the agglomeration of individual performances. 
Hence, the question of how to deal with competencies within a complex system needs to focus  
- primarily on the peculiarities of the collaborative system and  
- secondarily on the development of the competencies of individuals in question of the improvement 

of the capabilities of the whole system.  

Within this conceptual framework it is stated that complex problem solving, such as the generation of 
innovation or innovation-based entrepreneurial processes requires the dynamic interplay of process, 
system, personal, social c, and domain-specific competences. It needs to be stressed that one competence 
usually cannot be substituted with one of the others; substitution might only be a marginally successful 
strategy. Therefore, the development of successful action-competence depends on the synergetic 
consideration of all four dimensions cited. This categorization  differs from other classification schemes 
on competencies since it stresses the necessity  of having process- and system competencies as a kind of 
meta-competence within every complex problem-solving process as its own competence category. 
Furthermore, this classification is distinguished from others since it has two more types of meta-
competencies that are: 1) Personal competence (as individual reflection capability), and 2) Social 
competence (as a prerequisite to collaborate within groups or networks). Different than most other 
categorizations as there is no single category about methodological competencies, since it is argued that 
these cannot be separated as a single class, but instead methodological competencies are needed for 
process, system, personal, and social competences, as well. 

The four competence dimensions should be considered as an interactive holistic system that depends on 
the problem-related requirements that characterize the competence profile of the collaborative entity: 
1. Process- and system-competence: To be an „expert in the process“ and in the „analysis and design 

of systems“ (holistic system thinking) is a meta-competence that does not depend on specific 
contents, but is a prerequisite for understanding complex processes and systems. Hence, the design 
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of problem-solving processes and the decision about the choice of methods to be applied is crucial 
(e.g. project management, creative techniques, problem analysis, and scenario methods);  

2. Personal competence: Collaborative, creative, problem-solving processes require that the involved 
individuals are capable to reflect on themselves and their value systems and to act in a self-
responsible, goal- and future-oriented manner. Hence, personal competence enables the 
development of their own personality and is a prerequisite for social competence; 

3. Social competence: The collaborative nature of most complex problem-solving processes becomes 
obvious not only in the various communication and interaction processes among disciplines, but 
also between organizations and stakeholder groups [22]. Here, team-, integration-, reflection-, and 
conflict-specific abilities are required (similar to Heyse & Erpenbeck [12]) in order to enable 
appreciative collaborative processes, like those involved with collaborative creative problem 
solving. Therefore, the establishment of a joint system of objectives is essential; \ 

4. Domain-specific competence: The initial problem is related to certain domain-specific knowledge, 
skills, and methods (e.g. the domain of transport systems when working on mobility innovations). 

Rather than competence concepts, we do not assign creativity its own competence category, since it 
cannot be understood as a separate category because it requires the interplay of domain-specific, 
process, system, social, and personal competences. 

THE CASE FOR EDUCATION IN SUSTAINABLE DEVELOPMENT 
After making a case for a conceptual competence model as the basis for collaboratively dealing with 
complex real-world challenges, we further focus on the case for education in sustainable development as 
a specific example of application. First, we briefly describe some core characteristics for education in 
sustainable development; secondly, we outline some preliminary results from an empirical investigation 
of students’ assessment of competencies needed for acting in a sustainable manner. Previous crises not 
only concerned economic, but also social and ecological issues as well. This inevitably leads to the 
concept of sustainable development as potential counteraction. At its core, sustainable development can 
be understood as development that "[…] meets the needs of the present without compromising the 
ability of future generations to meet their own needs." [29]. Furthermore, it is currently understood that 
this type of development encompasses economic prosperity, social equality, and ecological quality 
simultaneously, also known as the triple bottom line concept [11]. Sustainable development is neither 
stable, nor does it merely entail passively responding to changes in the environment. Instead, it has to be 
stressed that sustainable development is, itself, dynamic (with pattern change as a core characteristic). 
Achieving sustainable development involves a great dynamic in itself. It is by no means a fixed 
objective, and has, therefore, been considered a ”form of ongoing enquiry” [17]. The system 
peculiarities of sustainable development are characteristic of any complex system due to the high 
number of elements constituting the system, the high degree of interdependency among these elements 
and their interaction with the environment in a dynamically changing system pattern over time. 

As previously stated, we propose that dealing with complex systems, like sustainable development, calls 
for process, system, personal, social, and domain-specific competences. In the spring of 2011, we 
conducted an empirical survey at The University of Graz in Austria to gain insight into the students’ 
assessment of the importance of competences for dealing with sustainable development. This was the 
first stage of a multilevel investigation that is still in process and that encompasses the consideration of 
stakeholders at various levels of the education system. Based on a random sampling procedure, 271 
undergraduates, 168 graduate students, and seven Doctoral candidates filled out questionnaires handed 
out at the beginning of various participating courses. The total sample represented 446 participants. 



550 
 

The competence-related questions included nine items altogether. Process-, and system-, competence 
was represented by items Q1: Understanding system interdependencies, Q2: Process design, and Q9: 
Divergent thinking. Personal competence was represented by items Q3: Reflective and self-reliant acting 
and Q6: Critical thinking and responsible acting; social competence was represented by items Q4: 
Domain-specific knowledge and methods and Q5: Interdisciplinary knowledge and methods Domain-
specific competence was represented by Q7: Interdisciplinary collaboration and Q8: Transdisciplinary 
collaboration. A factor analysis (principal components analysis) was performed on the nine competence-
related items of the questionnaire. Based on the high mean score of each item and their strong 
correlation all nine items were subsumed to single-factor “competences.” Only the item Q6: Critical 
thinking and responsible acting showed a comparably higher mean score of 8.32 (SD=2.218). This is 
particularly interesting with respect to future societal challenges like those related to crises, since critical 
thinking and responsible action might become most critical for a society that not only tries to react to a 
crisis, but also proactively takes precautionary measures to avoid said crisis.  

CONCLUDING REMARKS 
In this paper we state that creativity and collaboration are core ingredients for being able to handle the 
complexity of today’s real-world challenges. Furthermore, complexity is not so much a burden to be 
dealt with in the problem-solving process, but one that provides a broad range of opportunities to create 
innovative solutions.  The analyses of the competence models and concepts showed a specific need for a 
broadened set of competences that includes process- and system-competence. Interestingly, the four 
competence dimensions were considered equally important for students. For further research, it will be 
necessary to extend the survey to additional relevant stakeholder groups such as industry, public 
companies, and nonprofit organizations.  
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