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Abstract: This conceptual paper outlines the descriptive theoretical foundations or kernel theories for designing an
information and communication technology (ICT) tool to assess professional competences in the Austrian trade and craft
sector. Upon completion, the ICT-tool serves as a boundary object in which applicants and assessors can interact. While this
paper consists of a literature review and conceptual discussion, the overall project is methodologically placed within a
multidisciplinary design-science paradigm. Design science scaffolds and structures the development of a theoretical model,
the generation of assessment-items and the ICT-tool itself. This paper discusses the necessary descriptive knowledge or
kernel theories on which the design of the ICT-tool rests. First, we describe the validation of prior learning — a process
advocated by the European Union to make professional competences visible. Second, we describe the process how
professional competences come about: through formal, non-formal and informal learning. Subsequently, we outline a
knowledge-driven discourse on professional competences and discuss how different definitions of professional competence
afford different approaches for its assessment. By presenting a use-case, we outline how the ICT-tool may guide applicants
and assessors through this process.

Keywords: professional competences, assessment of competences, learning outcomes, validation of prior learning, design
science, ICT-tool

1. Introduction

Professional competences are crucial for succeeding in any profession, ranging from hair-dressers to medical
doctors. A large body of literature deals with the conceptualization (Le Deist and Winterton, 2005; Mulder, 2018)
and assessment of professional competences in several research areas such as human resource management
(Wright, 2001), medical education (van der Vleuten and Schuwirth, 2005), or nursing (Benner, 1984). Also in
European Union (EU) policy-making, there is a focus on the conceptualization and assessment of professional
competence (European Union, 2012, 2017, 2006). Professional competences are often acquired through
informal and non-formal learning, i.e. learning that occurs outside institutions or formal environments. As a
result, they “are partly tacit [...] in their character” (Bjgrnavold, 2000b, p. 13; also see Polanyi, 1966) which
makes them difficult to assess. And, while policies are in place, we lack specific methods to assess (partly tacit)
professional competences. In this paper, we address this lack and lay out the theoretical foundations or kernel
theories for designing a tool to assess professional competences (Gregor and Hevner, 2013). Consequently, the
research question is: What are fundamental theoretical concepts for designing an assessment tool for
professional competences? As design science research requires making explicit the “knowledge base” or kernel,
i.e. what we know about a phenomenon, answering this question is crucial for our endeavor to design an
assessment tool for the trade and craft sector in Austria. Designing such a tool should be driven by thorough
theoretical reasoning. Practically, our paper can serve researchers and practitioners alike that aim to work on
similar strands.

Our paper departs by outlining the problem of measuring and comparing competences against standards that
the trade and craft sector in Austria is facing. To address this problem, we have been developing a theoretical
framework for assessing professional competences and an ICT-tool that puts the framework into practice
(Fahrenbach et al., 2019). Particularly focusing on the ICT-tool in this paper, we introduce design science as an
overall methodology that scaffolds our research and motivates the research question. Afterwards, we describe
fundamental theoretical concepts or kernel theories to design an ICT-tool for the assessment of professional
competences. First, we introduce the validation of prior learning, i.e. a process promoted in the EU to identify,
document, assess, and recognize professional competences. Second, we outline how professional competences
come about: formal, non-formal and informal learning. Subsequently, we take a knowledge perspective on how
professional competences are conceptualized in management and organization studies. After reviewing what
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professional competences are and how they come about, we discuss what that means for their assessment. We
conclude the main part by presenting a use-case - the net of competences - a prototype that embodies the
theoretical foundations outlined in the main part. Upon completion, this artefact can be used for design science
research, and, thus, increases our descriptive knowledge base on professional competences.

2. Problem statement

After the EU has agreed on the European Qualification Framework, i.e. a set of common principles that put
lifelong learning into practice (European Union, 2006) by fostering the validation of prior learning (European
Union, 2012), it is now important to design innovative and standardized tools for the validation of learning
outcomes (European Commission et al., 2014). While the EU acknowledges that the validation of competences
is a complex endeavor, they call to develop standardised tools, as these can “mainstream processes and increase
awareness of validation” (Cedefop et al., 2017, p. 75). Within standardized ICT-tools, different methods of
assessment can be supported —a multimethod assessment is seen as “gold standard” in assessment procedures
as it is “based on the triangulation of results from different assessment methods [...] frequently used in
validation” (Cedefop et al., 2017, p. 74). Policy-makers recently concluded conclude: “more can be done in the
standardisation of tools and the use of ICT” (Cedefop et al., 2017, p. 20) for the validation of prior learning.

To address this issue, we are currently running a research project with the Austrian Federal Economic Chamber
(WKO). This projects aims at developing the theoretical framework and concrete ICT-tool to assess individual
professional competences against given professional standards in the trade and craft sector (82 vocational
professions, for example hair-cutters, butchers, builders, painters, electricians). These standards are documents
for each profession that contain roughly 50 learning outcomes. Learning outcomes are "statements of what a
learner knows, understands and is able to do on completion of a learning process, which are defined in terms of
knowledge, skills and competence" (Council of the European Union, 2008). Comparing an individual competence
profile against learning outcomes shall enable an informed decision on whether a person has developed proven
professional competences to exercise a profession and start a business. This ensures that professionals adhere
to high standards.

In Austria, there are about 180 professions that require a formal and effective proof of competences. Therefore,
the aim of our project is to develop a competence-based model and, subsequently, an ICT-tool that scaffolds the
assessment of professional competences. The project’s emphasis lies on the assessment of a person's existing
competences that she or he has been developing in formal, non-formal, and informal learning processes (i.e.
prior learning). In sum, the resulting ICT-tool should scaffold the whole process of the validation of prior learning.

3. Methodological framework of the project

We employ a design science paradigm (Gregor and Hevner, 2013; Hevner et al., 2004; Peffers et al., 2007) for
developing the ICT-tool. Whereas natural sciences and social sciences try to understand the different facets of
reality, “design science attempts to create things that serve human purposes” (Simon, 1996, p. 55). Thus, design
science is “the creation and evaluation of an innovative, purposeful artifact for a specified, currently unresolved
problem domain” (Hevner et al., 2004, p. 82). With “utility as a goal in mind - design science addresses research
through the building and evaluation of artifacts designed to meet the identified [...] need” (Hevner et al., 2004,
pp. 79-80). An artefact refers to “a thing that has, or can be transformed into, a material existence as an
artificially made object (e.g., model, instantiation) or process (e.g., method, software)” (Gregor and Hevner,
2013, p. 341). The design science process includes six steps: “problem identification and motivation, definition
of the objectives for a solution, design and development, demonstration, evaluation, and communication”
(Peffers et al., 2007, p. 46). In design science, knowledge is divided into descriptive and prescriptive knowledge
(Gregor and Hevner, 2013). While descriptive knowledge “is the ‘what’ knowledge about natural phenomena
and the laws and regularities among phenomena [...]”, prescriptive knowledge “is the ‘how’ knowledge of
human-built artifacts” (Gregor and Hevner, 2013, p. 343). This paper aims to outline the body of descriptive
knowledge or “kernel theories” that “informs design research, including informal knowledge from the field and
the experience of practitioners” (Gregor and Hevner, 2013, p. 340).
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4. Fundamental concepts relevant for the design of an ICT-tool

4.1 Validation of prior learning

The validation of prior learning is a kernel theory for the design of an ICT-tool to assess professional
competences. The validation of prior learning - often also called “recognition of prior learning” (RPL) or
“accreditation of prior learning” (APL) (Bohlinger, 2017) is an important instrument for policy making within the
EU (European Union, 2012).

Usually, the validation of prior learning is outlined as consisting of subsequent steps — the identification,
documentation, assessment and recognition of formal, non-formal and informal learning outcomes (Bjgrnavold,
2000b, 2000a). Identifying prior learning implies making explicit (Nonaka et al., 2000; Nonaka, 1994) what a
person has learned in the past. This can be facilitated via appropriate guidance (European Union, 2012) and
other facilitation techniques. It is important, however, that methods and approaches are “open to the
unexpected” and not be designed in ways which narrow down the range of knowledge, skills and competences
that may be considered” (Cedefop, 2015, p. 18). After identifying, learning outcomes, a candidate has to provide
appropriate documentation for their learning outcomes. This “involves provision of evidence of the learning
outcomes acquired [...] carried out through the ‘building’ of a portfolio that tends to include a CV and a career
history of the individual, with documents and/or work samples that attest to their learning achievements”
(Cedefop, 2015, p. 18). The documentation of learning outcomes is comparable to preparing a portfolio (Baeten
et al., 2008). Subsequently, the assessment of learning outcomes refers to the comparison of learning outcomes
against a predefined standard or criteria (Cedefop, 2015). Learning outcomes can be assessed - besides the
portfolio method mentioned above — by interviews, simulations, workplace in real situations and oral/written
tests that are highly standardized. Lastly, the recognition of learning outcomes happens through a competent
authority by awarding qualifications (certificates, diplomas or titles) or part-qualifications based on the
assessment (European Union, 2017, p. 20).

Even though the process seems to be straightforward and highly standardized, it is rather a process that is highly
influenced by social interactions between to-be-assessed and guides (Diedrich, 2013) and, users of the
assessment tool should be free to jump back and forth between the different phases in the validation of prior
learning. In sum, the assessment tool to be developed should cover all relevant steps of the validation of prior
learning and should support users while leaving as much autonomy as possible.

4.2 Learning outcomes: Formal, non-formal, and informal learning

If we look at the processes of acquiring knowledge that result in professional competences, we can distinguish
three different forms of learning. First, formal learning consists of learning that occurs within an organized and
structured context that is set up to transfer knowledge (e.g. formal education, in-company training). This type
of learning is intentional from the learner’s perspective and may lead to some sort of formal recognition (e.g.
diploma, certificate). Second, non-formal learning consists of learning embedded in planned activities that are
not explicitly designated as learning activities, but which contain an important learning element. Non-formal
learning is intentional from the learner’s point of view. Third, informal learning is defined as learning resulting
from daily life activities related to work, family, or leisure. It is not structured in terms of learning objectives,
learning time, and/or learning support. Typically, it does not lead to certification. Informal learning may be
intentional, but in most cases it is non-intentional (Colardyn and Bjornavold, 2004). While the learning outcomes
of formal and even non-formal learning are relatively easy to assess, it is more difficult to assess informal learning
outcomes. This may be due to the fact that informal is largely invisible, as the growth of knowledge that comes
along is non-intended and taken for granted. Thus, persons are not aware of their own learning (Eraut, 2004).
Taking this into account the ICT-tool takes a special focus on the assessment of informal learning.

4.3 Professional competences: Discussing the literature

The process of prior learning (and its validation) is closely linked to the long-standing and vivid debate on what
professional competence are. Different scientific fields contribute to the discourse. Within psychology, White
(1959) identified a personality trait called competence. Since then, competence is seen as a building block for
motivation (Rothwell and Lindholm, 1999), and linguistic competence a body of linguistic knowledge possessed
by native speakers (Chomsky, 1965). Within testing psychology, McClelland (1973) put forward the proposal to
test for competence rather than intelligence. In this regard, the term professional competence has several
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definitions (Mulder et al., 2007; Le Deist and Winterton, 2005) that subsequently constrain how professional
competence can be assessed.

4.3.1 Professional competences constituted within the entity

Reviewing the relevant literature, three distinctive views on the concept of professional competence crystallize.
First, professional competence can be seen as a body of applied scientific knowledge (Alvesson, 2004; Brint,
2001; Schon, 1983); a view that has been supported by the rise of ICT systems and artificial intelligence
(Winograd and Flores, 1987; Dreyfus and Dreyfus, 1986). For example, very early already Taylor (1911, p. 6)
argued that the “search” for the competent man is of primary importance. The competent should be trained by
changing the environment through adequately applying the scientific method (i.e. scientific management based
on clear rules and principles).

Second, as pointed out before, other scholars underscore the tacit dimension of professional competence
(Polanyi, 1966). Hayek (1945, p. 523) argued that the competent and skilled man is much more than his applied
scientific knowledge. This view got support from several disciplines, such as nursing (Benner, 1984), education
(Eraut, 1994), or management (Tsoukas, 1996). As Pye (1988, p. 64) puts in reference to Polanyi (1966):
“Competence is something about which we can know more than we can tell”.

Third, professional competence has been conceptualized as consisting of knowledge, skills, abilities, and other
attributes (KSAOs). For example, Boyatzis (1982, p. 21) conceptualizes competence as “an underlying
characteristic of a person in that it may be a motive, trait, skill, aspect of one's self-image or social role, or a body
of knowledge, he or she uses”. Theories describing professional competence as KSAOs are subsequently refined
and further developed (Winterton, 2007; Mulder et al., 2007; Winterton, 2006; Le Deist and Winterton, 2005;
Rothwell and Lindholm, 1999). In sum, these theories see the locus of professional competence in the single
entity.

The latter view on professional competences as KSAOs has been especially influential within human resource
management (Wright, 2001; Campion et al., 2011) ever since Taylor (1911). Burgoyne (1993) even identified a
“competence movement”. It is argued that competence links individual work performance with organizational
strategy (Hayton and McEvoy, 2006; Rothwell and Lindholm, 1999). Due to this, the assessment of competences
is a key element of job analysis within human resource management (Sandberg, 2000; Hayton and McEvoy,
2006). Job analysis seeks to identify tasks that have to be performed in a certain job and nominate requirements
that a person should possess when performing a certain job. Within human resource management, competences
are defined on an individual but also collective level (Hayton and McEvoy, 2006; Wright, 2001). Though, this
spanning and crossing levels led to considerable confusion and controversy (Wright, 2001). Within the field of
human resource management and personnel psychology, the practice of competency modelling is common
(Capaldo et al., 2006; Campion et al., 2011; Shippmann et al., 2000).

4.3.2 Professional competences constituted within relations.

The view of professional competence as being part of an entity is increasingly challenged (Blackler, 1995; Cook
and Brown, 1999; Stoof et al., 2002). Sandberg and Targama (2007, p. 57) argue that a taxonomy of competences
or skills does not “demonstrate whether the workers use the prerequisite attributes, or in what way they use
them in accomplishing the work”. In this regard, several authors see professional competence as occurring in
the relation between the individual and the environment (Gartner, 2013).

First, professional competence is constituted as knowing-in-action (Schén, 1990, 1983). If someone wants to
understand the “essentials of what accomplished engineers know, you need to look at what they do as well as
what they possess” (Cook and Brown, 1999, p. 387). In this vein, scholars argue against the “epistemology of
possession” of seeing competence as part of a single entity (Cook and Brown, 1999, p. 381).

Second, professional competence has also been conceptualized as based within practice. These approaches
include communities of practices (Wenger, 2000) and the activity theory (Engestrém, 2001). Everyday practice
or activity forms the core of professional competence (Sandberg and Tsoukas, 2011), as it “integrates the
subject, the object, and the instruments (material tools as well as signs and symbols) into a unified whole”
(Engestrom, 1993, p. 67). Within a practice perspective, professional competence is not only in the head of
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individuals, neither in assigned tasks or external tools “but lie[s] instead in the relations among them” (Chaiklin
and Lave, 1993, p. 9).

Third, professional competence can be defined from a process perspective which tries to understand
competence as skilful performance (Sandberg et al., 2017; Gherardi and Strati, 2017). This perspective argues
against the ontological conception of competence as a product of learning or as a certain object that a person
possesses (Sandberg et al., 2017). A process perspective conceptualizes professional competence as a process
of continuous becoming (Tsoukas and Chia, 2002), not as inherent to a stable entity, following a substantive
ontology (Sandberg and Tsoukas, 2011). Taking this perspective, professional competence is not a stable entity
or something underlying work performance but is constituted in the performance of work itself. Professional
competences can be seen as performative accomplishments (Gherardi, 2006).

4.3.3 Implications for the assessment of professional competences

The different conceptions of professional competence afford different methods of assessment. In this regard,
we support the call of research (van der Vleuten and Schuwirth, 2005) and policy making (Cedefop et al., 2017)
to use multi-method assessment procedures. When professional competences are conceptualized as part of an
entity, then standardized tests and procedures may be appropriate to evaluate professional competences.
However, if professional competences are seen as relational, i.e. as inherent to action, practice, or a process,
then professional competences have to be demonstrated and assessed in performing a certain task. As a
consequence, an ICT-tool that assesses professional competences only in a paper-pencil way using standardized
psychometric procedures cannot fully account for the latter conception of professional competences. However,
the ICT-tool may enable the interaction between applicants and assessors and structure the literal
demonstration of professional competences. Being aware of this limitation, we do not propose a specific method
as the most appropriate. Rather, we advocate an instructional design perspective (van der Vleuten and
Schuwirth, 2005) in which we — besides the design of an ICT-tool - also view the development of a theoretical
model and subsequently assessment methods from a design perspective.

5. Presenting a use-case: The net of competence

We have designed a prototype for such an ICT-tool, i.e. the “net of competences”. This prototype embodies the
theoretical considerations we have previously outlined. In the following, we discuss some of these
considerations that have been or are implemented in the ICT-tool. First, the “net of competences” scaffolds the
whole process of validation of prior learning (Bjgrnavold, 2000b, 2000a). Second, users can upload evidence
(documents of proof) for their formal, non-formal, and informal learning in form of a portfolio (Baeten et al.,
2008; McMullan et al., 2003). Third, as we discussed that professional competences are controversely defined,
a comprehensive theoretical model underlines the “net of competences” (Fahrenbach et al., 2019). Fourth, as
professional competences may be only seen in everyday action, practice, or activity, the ICT-tool scaffolds the
interaction of applicants and assessors. Fifth, the theoretical content model of this prototype consists of 32
different competence dimensions divided by four main categories, namely “personal competence”, “social
competence”, “domain competence”, and “method competence” which resemble common European
competence taxonomies (Le Deist and Winterton, 2005). Sixth, the core of this prototype is a self-assessment
with about 200 items, an interface to upload documents to build a portfolio, and an interface for external
assessment. Seventh, through this, professional associations evaluate the self-assessment and portfolio of the
applicant, and can ask the applicant to demonstrate his or her professional competences in action via simulation
methods. At this point of time, the ICT-tool is currently available in a demo version for testing purposes for the
Austrian Federal Economic Chamber.

6. Conclusion and outlook

In this paper, we have outlined the theoretical foundations or kernel theories for an ICT-tool to assess
professional competences from a design science perspective. We reviewed literature on the validation of prior
learning, different forms of learning outcomes, professional competences, and discussed implications for the
assessment of professional competences. In so doing, we contribute a theoretical base that scaffolds the design
of ICT-tools to assess professional competences. This can serve as a starting point for practical design projects
in the field. Consequently, further research may strengthen the theoretical foundations we sketched in this
paper, use the findings of this paper this to design respective ICT-tools that support the assessment of
professional competences, and explore how new technologies such as machine learning or the blockchain
technology can support the validation of prior learning and the assessment of professional competences.
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