Validation Study: Identifying the Boundaries of Knowledge

— An Inquiry into the Validation and Invalidation of a Vocational
Competence Development Model for Economic Domains

Inaugural-Dissertation zur Erlangung des akademischen Grades Doktor der
Philosophie (Dr. phil.)

an der Fakultat fur Bildungswissenschaften

der Universitat Duisburg-Essen

vorgelegt von

Beifang Ma

Erstgutachterin/Betreuerin: Prof. Dr. Esther Winther,
Universitat Duisburg-Essen

Zweitgutachterin: Prof. Dr. Viola Deutscher,
Georg-August-Universitat Gottingen

Tag der mundlichen Prufung: 06.02.2025
Essen, im 2025



Validation Study: Identifying the Boundaries of Knowledge
— An Inquiry into the Validation and Invalidation of a Vocational Competence Development Model for
Economic Domains

Beifang Ma

[ ) UNIVERSITAT
DEUSISSJNU RG
u u I Co Offen im Denken

universitats
Ub bibliothek

Duisburg-Essen Publications online

Diese Dissertation wird via DUEPublico, dem Dokumenten- und Publikationsserver der
Universitét Duisburg-Essen, zur Verfligung gestellt und liegt auch als Print-Version vor.

DOI: 10.17185/duepublico/84913
URN: urn:nbn:de:hbz:465-20260211-071321-0

Alle Rechte vorbehal ten.



https://duepublico2.uni-due.de/
https://duepublico2.uni-due.de/
https://doi.org/10.17185/duepublico/84913
https://nbn-resolving.org/urn:nbn:de:hbz:465-20260211-071321-0

Acknowledgements

This dissertation marks the culmination of years of dedication, hard work, and the support of many
wonderful people who have guided and encouraged me throughout this journey.

First and foremost, | would like to express my deepest gratitude to my Doktormutter, Prof. Dr. Esther
Winther, for her unwavering support, invaluable guidance, and insightful feedback. She has been an
exceptional mentor and teacher, whose expertise and encouragement have been instrumental in
shaping this monograph. | am especially grateful for her leadership, as she is not only an excellent
supervisor but also a considerate and supportive leader. Prof. Winther respects the working styles of
her team members, offering me the flexibility and autonomy to thrive in my work. | have truly enjoyed
the time spent working with and learning from her.

| would also like to extend my heartfelt thanks to Prof. Dr. Viola Deutscher, who, as the leader of my
partner team, provided crucial support and direction throughout my research. From her, | have learned
a great deal, and | am deeply appreciative of her guidance.

Both Prof. Winther and Prof. Deutscher not only supervised my research but also led the
INTERCONNECT project, where | have had the privilege of working for the past five years. This
monograph is a direct outcome of the research conducted within this project, and | am profoundly
thankful for the opportunity to be part of such a meaningful and inspiring endeavor.

| would also like to extend my sincere thanks to all of my colleagues, both in my team and the partner
team, for contributing to such a friendly and open research atmosphere. The camaraderie and
intellectual exchange with Maximilian Krétz have made this experience both productive and enjoyable.
A special thanks goes to Jessica PaeRens and Soumia El Mard, whose collaboration, encouragement,
and feedback have been essential to my growth as a researcher.

On a more personal note, | owe a special thanks to my beloved daughter, Jiuer, who was born during
my dissertation journey and is now 14 months old. She is the greatest gift of my life and has been my
constant source of motivation to complete this dissertation, especially after the challenging times of
pregnancy and navigating life as a new parent. Her presence gave me the strength to push forward
and finish what | started.

Finally, to my family and friends, whose love and support carried me through the most difficult
moments, | am eternally grateful.

This work would not have been possible without all of you—thank you.



Abstract

The quality assurance and development of the dual vocational education system necessitates the
implementation of evidence-based monitoring of vocational education outcomes. This approach is
founded upon the utilization of reliable empirical modelling and the measurement of vocational
competence. In the theoretical and empirical foundation, the construct of "vocational competence"
has been translated into a measurable form (modelling) and vocational work and business processes
have been implemented into test situations (assessment design). The DFG research project, entitled
"Competence Development in Vocational Enculturation Processes" (INTERCONNECT, grant number:
WI 3597 / KL 3076), builds upon this work and analyses the individual trajectories of competence
acquisition and the causal relationships of the proposed competence development model, including
its influencing variables. In order to achieve this, an assessment instrument is employed, in addition to
a tool designed to capture the specifics of the workplace training situation and relevant control
variables.

This dissertation focuses on the measurement of competence changes as part of the project. It
examines the validity of the two-dimensional model of vocational competence development using a
longitudinal study with N = 458 industrial clerks in their initial vocational training. The validation of the
model addresses the following questions: (1) Can the two-dimensional construct of vocational
competence be empirically confirmed (validity of the structural model in cross-sectional analysis)?
(2) Can the dynamic construct of vocational competence be empirically confirmed (validity of the
developmental model in longitudinal analysis)? (3) Can the boundary of the theoretically grounded
two-dimensional construct of vocational competence development be supported through empirical
investigation?

The initial two questions are addressed through the utilization of analytical techniques derived from
Iltem Response Theory and Classical Test Theory, including structural tests, correlation analyses, and
effect size tests. The results demonstrate that the two-dimensional model of domain-linked and
domain-specific competence is stable in both cross-sectional and longitudinal analyses, across
different test formats and federal states. Conversely, structural alterations to the model are observed
during the training period, as predicted by the theoretical framework. In addressing the third question,
a systematic reflection is conducted on two key aspects: firstly, the location of the boundary of the
theoretically assumed model; and secondly, the extent to which the empirical boundary aligns with
the theoretically defined boundary. In this context, the reflective questions analyzed are as follows:
firstly, to what extent can the results of the present study be generalized to other situations and
populations; and secondly, whether the empirical application has resulted in a narrowing or
broadening of the theoretical construct. The findings contribute to the valid assessment and
description of vocational competence development and its success factors in commercial vocational
training programs.



Zusammenfassung

Die Qualitatssicherung und -entwicklung des dualen Berufsbildungssystems erfordert ein
evidenzbasiertes Monitoring des Outcomes der beruflichen Bildung. Dieses sollte auf belastbaren
empirischen Modellierungen und Messungen beruflicher Handlungskompetenz basieren. Im Rahmen
der theoretischen sowie empirischen Vorarbeiten wurde das Konstrukt der "berufsfachlichen
Kompetenz" in eine messbare Form (ibersetzt (Modellbildung) sowie berufliche Arbeits- und
Geschaftsprozesse in Testsituationen umgesetzt (Assessmentdesign). Das DFG-Forschungsprojekt
"Kompetenzentwicklung in beruflichen Enkulturationsprozessen" (INTERCONNECT,
Forderkennzeichen: WI3597/KL3076) knlpft an die vorangehend genannten Arbeiten an und
analysiert die individuellen Entwicklungsverlaufe der Kompetenz sowie kausale Beziehungen des
postulierten Kompetenzentwicklungsmodells samt seiner Einflussvariablen. Zu diesem Zweck wird ein
Assessment-Verfahren sowie ein Instrument zur Erfassung der betrieblichen Ausbildungssituation und

relevanter Kontrollvariablen eingesetzt. Die Dissertation widmet sich der
Kompetenzverdanderungsmessung als einem Bestandteil des Projektes. Dabei wird die Validitat des
zweidimensionalen Modells der beruflichen Kompetenzentwicklung anhand von N = 458

Industriekaufleuten in ihrer beruflichen Erstausbildung im Langsschnitt Gberprift. Die Validierung des
Modells zielt auf folgende Fragestellungen:

(1) Kann das zweidimensionale Konstrukt beruflicher Handlungskompetenz empirisch bestatigt
werden (Validitat des Strukturmodells im Querschnitt)?

(2) Kann das dynamische Konstrukt beruflicher Kompetenz empirisch bestatigt werden (Validitat des
Entwicklungsmodells im Langsschnitt)?

(3) Kann die Grenze des theoretisch begriindeten zweidimensionalen Konstruktes der beruflichen
Kompetenzentwicklung durch die empirische Durchfiihrung abgesichert werden?

Die ersten beiden Fragestellungen werden unter Zuhilfenahme von Analyseverfahren der Item-
Response-Theorie sowie der klassischen Testtheorie, beispielsweise Strukturprifungen,
Korrelationsanalysen und Effektstarkentests, bearbeitet. Die Ergebnisse zeigen, dass das
zweidimensionale Modell mit domanenverbundener und domanenspezifischer Kompetenz sowohl im
Querschnitt Gber die Testformate und Bundeslander hinweg als auch im Langsschnitt Gber den
Ausbildungsverlauf als stabil betrachtet werden kann. Zudem lassen sich Strukturveranderungen des
Modells im Ausbildungsverlauf feststellen, was die theoretischen Annahmen bestétigt. Im Rahmen der
dritten Fragestellung erfolgt eine systematische Reflexion hinsichtlich der Grenzen des theoretisch
angenommenen Modells sowie der Ubereinstimmung zwischen der empirischen und der theoretisch
begriindeten Grenze. Im Rahmen der vorliegenden Untersuchung werden zudem die folgenden
Reflexionsfragen beleuchtet: In welchem Umfang lassen sich die Ergebnisse der Studie auf andere
Situationen und Populationen {bertragen? Inwiefern hat die empirische Durchfiihrung des
Forschungsprojekts zu einer Prazisierung bzw. Verengung des theoretischen Konstrukts gefiihrt? Die
Ergebnisse tragen zu einer validen Erfassung und Beschreibung der beruflichen Kompetenzentwicklung
und ihrer Gelingensbedingungen in kaufmannischen Ausbildungsberufen bei.
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1. Introduction: Competence Measurement, Competence Model and Model
Validation

“model validation is the set of processes and activities intended to verify that models are
performing as expected, in line with their design objectives..." (Board of Governors of the
Federal Reserve System, 2011).

The investigation of the development of vocation-related competence, which is regarded as the principal
objective of Vocational Education and Training (VET; Berufsbildungsgesetz [BBiG], 2005; Hensge et
al., 2009; Deutscher & Winther, 2018), represents a sustained endeavour within the domain of VET
scholarship. In this field of research, the measurement of vocational competence has become a central
objective, particularly in the context of a paradigm shift from an input-led to an output-led approach to
teaching and training, as well as in the context of ongoing international comparative studies in VET,
such as the International Vocational Education and Training Assessment (PISA-VET). These trends
highlight the critical necessity for the development of a robust model of vocational competence, tailored
to specific occupations. Such a model provides the basis for competence measurement, thus facilitating
the monitoring of educational outcomes (Burkard & Orth, 2004) and enhancing the reliability of testing
procedures and instruments employed in large-scale VET studies (BMBF, 2023).

The present doctoral thesis presents a comprehensive account of the validation of a vocational
competence model. It is based on a series of studies conducted over a period of five years, which
included, but were not limited to, the following stages: design, conceptualization, data collection,
analysis and documentation. However, as illustrated in Figure 1, this comprehensive validation research
represents only a portion of the larger DFG research initiative, INTERCONNECT (Competence
Development in Vocational Enculturation Processes, grant number: WI3597/K1.3076), which itself
builds on a multitude of preceding theoretical and empirical works.

Figure 1

Structure of Research Initiative INTERCONNECT
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The extensive research practices demonstrate that model validation cannot be achieved in a single step.
Rather, it is "the set of processes and activities intended to verify that models are performing as expected,
in line with their design objectives" (Board of Governors of the Federal Reserve System, 2011).
Vocational competence modelling represents the "design objective,” which is established through
theoretical and empirical works conducted prior to and throughout the course of INTERCONNECT.
These constitute the "set of processes and activities" that form the foundation for model validation and
reflect the iterative nature of this process. This doctoral thesis integrates these "processes and activities"
within a unified framework and employs a structured approach to infer from these "processes and
activities" and critically reflect on the extent to which the model is "performing as expected".

1.1 INTERCONNECT: Scientific Discourse, Objectives, and Challenges

The objective of the INTERCONNECT project is to enhance our comprehension of the processes
through which vocational competence is developed within the context of commercial vocational training.
The instrument employed in this project is constituted of two principal components: a competence
assessment and a context questionnaire. The competence assessment serves as the foundation for
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validating the model of vocational competence, encompassing both dimensional and developmental
descriptions. The objective of the questionnaire is to identify which opportunity-to-learn (OTL)
variables demonstrably enhance the development of vocational competence. This analysis allows us to
determine the optimal configuration of workplace learning conditions, thereby facilitating the provision
of high-quality learning opportunities that promote vocational enculturation. Moreover, the context
questionnaire functions as a theoretical framework, comprising variables that are theoretically related to
vocational competence. Moreover, the data gathered via the context questionnaire are employed to
ascertain validity through correlation with external variables. This entails evaluating whether the
anticipated relationships between the construct under examination and pertinent external variables are
corroborated by empirical evidence (AERA, APA & NCME, 2014). To illustrate, Section 6.2 will assess
the correlation between the postulated vocational competence construct and the concurrent average
grades of trainees in vocational schools and companies.

In order to situate the current goals of the INTERCONNECT project within a series of theoretical and
empirical works modelling vocational competence, it is essential to consider a number of key milestones
in its progression. Prior to the INTERCONNECT project, Winther and Achtenhagen (2008) developed
a competence structure model for the commercial domain of vocational education and training (VET),
which includes action-based and skill-based dimensions. While this model is well-suited to advanced
learners, it does not empirically hold true across all stages of VET. The theoretical concept of domain-
linked and domain-specific competence facets was further developed to provide a framework for
understanding the structure and grading of commercial vocational competence throughout the entire
training duration (Winther & Achtenhagen, 2009; Winther, 2010). The structure of the two-dimensional
model was corroborated by empirical studies employing cross-sectional data (Winther, 2011; Klotz &
Winther, 2015). Moreover, the developmental stages of vocational competence acquisition in the
commercial domain were also validated in the preceding DFG project, "Competence-oriented
Assessments in Commercial Vocational Education" (SPP 1293; Wi 3597/1-2) (Klotz, Winther & Festner,
2015; Deutscher & Winther, 2016). The present INTERCONNECT project has been designed to
validate this competence model over time, addressing several research gaps in the modelling of
vocational competence and providing a more comprehensive understanding of both the validity of the
construct underlying the assessment and competence development across various stages of VET. These
research gaps include:

1. Scope of the Working Definition: The scope of the working definition of vocational competence
varies among studies, ranging from specialized vocational competence to transversal
competence used in professional tasks (Riischoff, 2019). This diversity primarily stems from
the research tradition of professional action competence, known as "berufliche
Handlungskompetenz" in Germany, which enables individuals to act judiciously, individually,
and socially responsibly in professional situations, aligning with the primary goal of VET
(Berufsbildungsgesetz [BBiG], 2005; Hensge et al., 2009; Deutscher & Winther, 2018). It
encompasses not only specialized vocational competence within a particular domain but also
cross-domain competencies, motivational and ethical aspects. This diversity in the scope of
definition of vocational competence leads to inconsistencies and non-comparability in
competence measurement. A standardized and clear working definition is essential for the
development of reliable and valid assessment tools that can be used consistently across different
contexts. Furthermore, a reflection on the scope of competence concept is necessary for the
advancement of research into modelling vocational competence.

2. Format of the Assessment: A review report on competence measurement in VET indicates that
60% of existing publications utilize IT-based methods, ranging from computerized versions of
traditional paper-and-pencil tests to computer simulations (e.g., Sangmeister et al., 2018;
Peallens et al., 2023 for industrial clerks; Seeber et al., 2016; Tschope & Monnier, 2016; Dietzen
et al., 2016 for trainees in the health sector and personal care; Gschwendtner et al., 2010 for
automotive mechatronics trainees). However, the lack of equivalence and limited
interchangeability between computer simulations and traditional methods complicates the
comparability and interpretability of test taker performance assessed through these different
modes (Rosenquist et al., 2000; Shavelson et al., 1991; Pine et al., 1993; Baxter & Shavelson,
1994; Baxter, 1995; Shavelson et al., 1999). Factors such as the split-attention effect,
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environmental influences, and attitudes towards digital tools may impact results. It is also
important to consider whether cross-domain competencies such as digital competence exert an
influence on outcomes through test mode, particularly when modelling specialised vocational
competence within a specific domain.

3. Sources of Validation Evidence: A significant portion of publications on measurement of
vocational competence relies on content validity, while there's a notable need for validity
evidence based on internal structure and external relations, often missing in 78% and 88% of
competence validation studies in Germany's initial VET from 2001-2017 (Riischoff, 2019;
Rohr-Mentele & Forster-Heinzer, 2021). Moreover, studies that do provide validity evidence
often neglect measurement invariance across test occasions (e.g., Deutscher & Winther, 2016).
According to the Standards for Educational and Psychological Testing (AERA, APA & NCME,
2014), internal structure evidence includes not only dimensionality but also measurement
invariance across subgroups. Measurement invariance assesses whether a psychometric
construct, such as vocational competence in this study, has the same meaning across different
groups. It ensures that scores of measured variables (e.g., scores for vocational competence) can
be interpreted accurately across subsamples categorized by contextual conditions (e.g., different
assessment modes), or concretely, the differences in assessed scores accurately reflect
differences in defined vocational competence to be measured, rather than differences due to
group membership or version assignment.

While it is beneficial to maintain diversity in the understanding and assessment of vocational
competence, it is crucial to clearly distinguish between the core definition of the competence itself and
its related correlates. Additionally, selecting appropriate assessment methods that accurately reflect the
construct of interest is essential for achieving reliable and valid results. In the presented research, we
recognized that there is a need for sufficient empirical evidence to establish the longitudinal validity of
this two-dimensional vocational competence model based on internal structure and correlation with
external variables. Consequently, the present doctoral thesis aims to provide well-defined, guideline-
compliant, and comprehensive empirical evidence for validating the developmental model of the two-
dimensional structure of vocational competence in the economic domain.

1.2 Monograph Structure and Validation Concept

The monograph begins by linking and positioning the research work within the scientific discourse on
conceptualizing and measuring vocational competence, deriving a clear defined construct of interest.
This is followed by a detailed description of a model representing (1) competence structure and (2)
competence development over the duration of vocational educational training (VET) from both
theoretical and psychometric perspectives, then we taking modes of assessment also into account and
demonstrated the critical role of assessment modes in ensuring model validity.

The principal objective of the present study is to ascertain the extent to which the theoretical model
can be validated through empirical evidence. To this end, we apply a transparent and guideline-
compliant validation procedure to the theoretically assumed model. Furthermore, we address an
overarching concept in this context by focusing on the understanding of validation. In particular, it is
important to recognise that an understanding of the limits of a model's predictive capabilities enables
the expression of appropriate confidence in the results obtained from it (Quade, 1980). In order to
achieve this, subsequent to the initial validation procedure, we conduct a further validation procedure
to explore a reflective question. (2) To what extent can the test instrument, data collection, data
analysis, and interpretation effectively reflect the theoretically constructed vocational competence?
This question is examined from an integrative perspective that encompasses all three elements of the
Assessment Triangle, namely modelling, measurement and interpretation (National Research Council,
2001). This comprehensive approach ensures that competence is assessed in a manner that is closely



aligned with the phases of modelling, data collection, and interpretation. A visual representation of the
proposed validation approach is provided in Figure 2.

Figure 2

Graphical Representation of Model Validation Strategy
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The final chapter draws on the insights gained from the validation and invalidation procedures to
examine the model's strengths and weaknesses. By critically analyzing these results, we put forward
potential solutions to address the identified weaknesses, leverage the strengths, and set out future
directions for research in competence assessment. In this regard, the monograph emphasizes
innovation in validation frameworks, offering insights into the iterative nature of model validation and
the dynamics inherent in ongoing refinement of both methodological approaches and theoretical
foundations in vocational competence modelling and measurement.

2. From Didactic Orientation to Empirical Measurement: The Evolution of
Competence Models

"The relationship between standards and good practice or best practice is not at all
straightforward” (Norris, 1991).

The initial question that arises when introducing a new model is: What makes the proposed model
distinctive? Given the abundance of well-established competence concepts, particularly those deeply
rooted in the educational anthropology of Heinrich Roth (1971), one might question the necessity of yet
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another model. The answer to this lies within the ongoing discourse that transitions from the view of
competence concept as a design paradigm for vocational curricula to an operationalizable model.

While the concept of competence is not new, it has not always been directly linked to measurability.
This chapter outlines the transition from conceptualizing competence as broad, theoretical frameworks
to developing models that are both theoretically rigorous and practically applicable. These models
provide concrete instruments for assessing competence and quantifying student outcomes throughout
their educational progression. This shift necessitates the establishment of clear parameters for defining
competence, which requires the exclusion of certain dimensions to ensure the model’s operational
feasibility. Moreover, this process highlights a fundamental tension between the holistic nature of “good
practice” (Norris, 1991, p. 336) and the precision required for demanded by standards that specify
measurable outcomes. The balance between capturing the complexity of real-world competence and
maintaining clarity in assessment remains a central challenge in developing robust, measurable
competence models.

2.1 The Development of Vocational Action Competence in German Education

The concept of "Handlungskompetenz" (action competence) refers to the ability to effectively address
and navigate specific demands and tasks within a given context. In contrast to general competence !,
which is concerned with the ability to adapt to different fields, contexts, or situations, action competence
is firmly rooted in the specific characteristics of the field in question (Weinert, 1999; Erpenbeck & v.
Rosenstiel, 2007, p. XII). The evolution of the concept of berufliche Handlungskompetenz (vocational
action competence) can be traced from its initial formulation by Heinrich Roth in the early 1970s to its
subsequent elaboration by Hans-Hermann Reetz within the context of vocational education.

2.1.1 Heinrich Roth's Framework of Vocational Action Competence

Heinrich Roth’s pedagogical-anthropological approach introduced a comprehensive model of vocational
action competence, or berufliche Handlungskompetenz. Roth delineated three essential sub-
competencies (Roth, 1971):

- Fachkompetenz (Professional Competence): This refers to the technical and specialized
knowledge required to perform specific professional tasks. It encompasses the ability to apply
industry-specific skills and techniques effectively.

- Soziale Kompetenz (Social Competence): This dimension highlights the importance of
interpersonal skills, including communication, teamwork, and the ability to interact
constructively with others in a professional setting.

- Personale Kompetenz (Personal Competence): This area focuses on personal attributes such as
self-management, motivation, and ethical behavior. It involves the capacity to manage oneself
and one’s professional development effectively.

Roth’s framework emphasizes a holistic view of action competence that extends beyond subject-specific
knowledge and skills. It encompasses broader knowledge, skills, and attitudes necessary for effective
professional action in diverse, real-world contexts. Furthermore, Roth recognizes that competence is not
limited to the professional sphere but also includes personal development, highlighting the importance
of cultivating the individual’s overall growth. His model illustrates the interaction between the subject,
the individual, and society ("Triade Sache-Person-Gesellschaft"; Evers et al., 2008, p. 601),
demonstrating the critical role these elements play in shaping both personal and professional competence.

! In this research, the term "general competence" is used as a counter-concept to specialized vocational competence,
based on the level of domain-specificity. This also applies to the concept of "transversal competence." No further
distinction is made between "general competence," "transversal competence," or "key competencies" in this study,
which prevents unnecessary confusion, while keeping the focus on specialized vocational competence. All these
concepts, in contrast to specialized vocational competence (domain-specificity), are applicable across different
areas and situations.
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Since the 1980s, the educational landscape in vocational schools has shifted towards action-oriented
teaching methodologies, which build upon Roth’s initial framework. In this context, particular reference
should be made to the concept of action orientation (e.g., Dorig, 2003), design-oriented didactics (e.g.,
Rauner, 1986 & 1996), and the related learning field concept (e.g., Bader & Schéfer, 1998; Bader &
Sloane, 2000; Reinisch, 2003; Tramm, 2011). These didactic innovations underscore the continued
relevance of Roth’s framework while adapting it to contemporary educational needs of vocational
environments.

The initial vagueness and universality of Heinrich Roth's vocational action competence construct
provided a strategic flexibility during the early phases of aligning vocational education with the desired
competencies. This ambiguity allowed various stakeholders to project their interpretations onto the
construct, accommodating a wide range of perspectives. As a result, the construct facilitated the dynamic
evolution of vocational education, enabling the development of curricula that could adapt to changing
requirements. This open and flexible approach at the input level was based on the assumption that it
would ultimately lead to desirable outcomes in terms of competencies at the output level (Nickolaus &
Walker, 2016). However, this comprehensive and holistic view of vocational action competence without
significant operationalization and specification should be understood as a design paradigm for
vocational curricula rather than a model that could serve as a psychometric basis for measuring
vocational competence.

e From Philosophical Foundations to Empirical Research: The Tension in Roth’s Competence
Concept

Heinrich Roth's competence approach has been criticized for being overly broad and lacking clear
definitions. Critics argue that:

., Erziehungswissenschaftliche Kompetenzkonstrukte, wie etwa die [...] Kompetenztrias von
Heinrich Roth, bestehen dagegen aus relativ globalen Oberbegriffen, deren konkrete Inhalte in
Abhdingigkeit von theoretischen Prdmissen und praktischen Erfordernissen variieren und die
sich kaum tiberschneidungsfiei und unabhdngig voneinander definieren lassen. Aufgrund ihrer
inhaltlichen ~ Unbestimmtheit und mangelnden Trennschdrfe sind solche globalen
Kompetenzkonstrukte aus psychologisch-diagnostischer Perspektive sowohl fiir die Begriindung
und Entwicklung von Messmethoden als auch fiir die Untersuchung und Interpretation der
Ergebnisse von Bildungsprozessen ungeeignet” (“relativ globalen Oberbegriffen, deren
konkrete Inhalte in Abhdngigkeit von theoretischen Prdmissen und praktischen Erfordernissen
variieren und die sich kaum iiberschneidungsfrei und unabhdngig voneinander definieren
lassen”) (Gogoll, 2009, p. 53).

The critique of Heinrich Roth's approach, in my view, stems from the inherent tension between his
holistic conception of competence and his subsequent engagement with empirical research. If Roth had
focused solely on the holistic nature of educational concepts—Ilargely shaped by philosophical, moral,
and normative considerations prior to the 1960s—his work might have avoided some criticism. However,
Roth’s approach extends beyond traditional philosophical frameworks, incorporating empirical
dimensions that challenge this purely conceptual foundation.

Roth introduced the concept of competence into pedagogy by integrating insights from adjacent
disciplines such as psychology and sociology, which had already embraced empirical methodologies.
His "realistische Wendung" (realistic turn) (Roth, 1962) marks a significant shift from purely speculative
or philosophical approaches to a more reality-oriented, data-driven perspective. This shift reflects an
effort to align pedagogical theory with empirical research, thereby producing more evidence-based,
actionable insights within the field of education.



Roth's attempt to reconcile holistic educational goals with empirical research led to some issues. For
Roth, education aims to foster both maturity (Reife) and autonomy (Miindigkeit). He wrote:

“Reife, als eines der Lern- und Erziehungsziele des Menschen, nicht hinreichend definiert
werden kann, da er sie vielmehr als Voraussetzung fiir darauf Folgendes, statt Ergebnis von
Entwicklungsprozessen versteht” (“Maturity, as one of the learning and educational goals of
human beings, cannot be sufficiently defined because it is more of a prerequisite for subsequent
development rather than the result of developmental processes”) (Roth, 1971, p. 180).

This definition inherently challenges measurability. Since Roth’s concept of maturity is dynamic and
continuously evolving, it cannot be captured by fixed metrics, which rely on static definitions. Therefore,
the open-ended nature of Reife makes it incompatible with quantitative empirical measurement.

Similarly, Roth emphasized Miindigkeit as a threefold competence:

“Miindigkeit, wie sie von uns verstanden wird, ist als Kompetenz zu interpretieren, und zwar in
einem dreifachen Sinne: a) als Selbstkompetenz, d.h. als Féihigkeit, fiir sich selbst verantwortlich
handeln zu kénnen, b) als Sachkompetenz, d.h. als Fihigkeit, fiir Sachbereiche urteils- und
handlungsfihig und damit zustindig sein zu konnen, und c) als Sozialkompetenz, d.h. als
Fihigkeit, fiir sozial, gesellschaftlich und politisch relevante Sach- oder Sozialbereiche urteils-
und handlungsfihig und also ebenfalls zustindig sein zu kénnen” (“Miindigkeit, as we
understand it, is to be interpreted as competence in a threefold sense: a) self-competence, i.e.,
the ability to act responsibly for oneself, b) subject competence, i.e., the ability to be capable of
making judgments and acting in specific subject areas, and c) social competence, i.e., the ability
to make judgments and act in socially, societally, and politically relevant matters”) (Roth, 1971,
p. 180).

These definitions are quite global and lack the precision needed for empirical measurement. Roth’s
approach integrates empirical science into pedagogy but also maintains broad, less defined concepts.
This results in a tension between his holistic view and the demand for measurable, data-driven research
outcomes. The critique emerges from this very conflict: while Roth’s “realistic turn” has paved the way
for empirical work in pedagogy, the broad and imprecise nature of his definitions makes them
challenging to measure and apply empirically.

For Roth, educational research is in a dynamic relationship with empirical findings, but it goes beyond
simple data collection to aim at uncovering systematic relationships. He emphasizes that learning is the
result of experience and that development is a long-term process shaped by the interaction between the
individual and their environment. As Roth (1976, p. 179) explains, educational research can serve to
"die steuerungsfahigen Gelenkpunkte beim Lernprozess zu entdecken, sie den Lehrenden aufzuweisen
und ihnen verfligbar zu machen (identify the key points in the learning process that can be controlled,
making them available to educators)". This illustrates Roth's focus on input and process control in
education, rather than output-based measurement, which is still far from today’s competence
measurement frameworks, which prioritize clear, measurable outcomes,

2.1.2  Lothar Reetz’s Contributions

Building on the ideas of Roth, Reetz introduced the concept of Handlungskompetenz into the context of
vocational training, responding to the evolving demands of the labor market and to contribute to ongoing
discussions about educational reform, in particular with regard to the concept of
Schliisselqualifikationen (key qualifications). On the one hand, in contrast to the traditional
understanding of competence in work settings, which often referred to job-specific skills, Reetz
observed that modern jobs require a broader range of skills beyond technical expertise. He thus
contributed to the development of a more comprehensive approach to defining the essential skills for
vocational training. On the other hand, he critiqued Mertens' 1970s formulation of key qualifications as
being too abstract and disconnected from real work tasks. As illustrated in Figure 2, Reetz endeavored
to bridge this gap by establishing a connection between key qualifications and concrete vocational



processes, whilst also emphasizing the role of competencies in personal development. This approach
aligns with Roth's vision of self-, social, and subject-related competencies.

Figure 3

Reetz's model of competence

Schliisselqualifikationen (Key Qualifications)

Personlich- charakterliche Allgemeine kognitive Kommunikative Fihiekeiten
Grundfahigkeiten Leistungsfahigkeit €

(Personal and Character Traits) (General Cognitive Ability) e S A L

- Kooperationsfahigkeit :sozial-
kommunikativ (Cooperation Ability:
Social-Communicative)

- Fahigkeit zur Erfassung komplexer
- Initiative (Initiative)} Situationen (Ability to Comprehend
- Verantwortung (Responsibility} Complex Situations) o
- Verhandlungsfihigkeit:
marktkommunikativ Negotiation

Ability: Market-Communicative)

- Problemlésungsfahigkeit (Problem-
Solving Ability)

Note. Adapted from "Kompetenzmodelle in der beruflichen Bildung" (p. 45), by H. Reetz, 1999, Verlag
fiir Sozialwissenschaften. [Translation by the author].

Figure 2 depicts Reetz's comprehensive model of competence, which refines and expands upon Roth's
original framework by addressing evolving aspects of competence and its application in diverse real-
world contexts. Reetz's model incorporates Roth's integration of personality theory into the competence
concept, thereby underscoring the primacy of personal development as a core tenet of pedagogical,
learning, and occupational processes. In particular, Reetz's model is distinguished by the following core
elements:

- Emphasis on Managing Situations and Tasks: Reetz (1999, p.39) emphasizes that competence
encompasses the human abilities "... die dem situationsgerechten Handeln zugrunde liegen und
dieses erst ermdglichen". A complex set of abilities underlies both performance and
competence, coming into play when an individual attempts to meet task demands. While
competence represents potential that is not directly observable, it is crucial for generating
performance—observable and measurable behaviors that align with situational and task-related
demands (Reetz, 1999, p.40).

- Competence Development: The model underscores the necessity for individuals to continuously
adapt their skills in response to changing circumstances, portraying competence as an ongoing
developmental process. This aspect is particularly relevant in the context of vocational
education and training, where structured and varied situational demands promote continuous
learning and growth. This perspective differentiates Reetz's understanding of competence from
that of Chomsky, as Reetz asserts that competence is acquired and developed through active
learning processes (Reetz, 1999, p.40).



- Operationalization: Reetz’s model extends Roth’s developmental perspective by incorporating
detailed descriptors and indicators for each competence area, with a more explicit focus on
“operationalization” (Reetz, 1999, p.41). This allows Reetz's framework to serve as a solid
foundation for the assessment of competencies.

¢ Dilemma Between Measurability and Universality in Competence Models

Notwithstanding its merits, Reetz's approach has been subjected to criticism for its failure to adopt a
comprehensive developmental psychology perspective, which examines the processes of growth and
development that occur over time. Those with opposing views have suggested that the model does not
sufficiently address the evolution of competencies across the various stages of an individual's
development (Arnold, 1997; Bader & Miiller, 2002). This critique identifies a significant challenge in
Reetz's work: while his model effectively operationalizes competencies by developing measurable
indicators tailored to specific vocational fields, it encounters difficulty in capturing the broader spectrum
of competence.

Wood & Power (1987) argue that a robust conceptualization of competence should illustrate "how
specific competencies are integrated at a higher level and would also accommodate changing patterns
of salience among these skills and abilities at different ages and in different contexts" (pp. 414-415).
Norris (1991) further critiques "these authors emphasize the importance of a developmental approach to
competence that is not fixated by operational definitions such that what we can measure is taken to be
what develops" (p. 334). This critique aligns with Gellner’s (1974) view that competence framed as a
deep, hidden structure is problematic because it reduces human capabilities to impersonal constructs,
separating the “it” from the "I". By focusing on measurable outcomes, Reetz’s model risks overlooking
the dynamic, evolving nature of competence over time—a challenge that is inherently difficult to
balance. While operationalizing competencies allows for clearer assessment and evaluation, it may
neglect the fluidity and continuous development of skills, knowledge, and attitudes that evolve as
individuals face new experiences and challenges. The tension lies in attempting to create standardized
measurements for something as complex and adaptive as human competence, which naturally shifts
across different stages of personal and professional growth. Balancing this dynamic with fixed,
measurable indicators remains a central difficulty in competence theory.

The dilemma in Reetz's model arises from its blending of bildungstheoretisch (German philosophy of
education) with cognitive theoretical approaches. While Reetz primarily adopts a cognitive theoretical
approach by linking competence to action in specific situations, he also incorporates a
bildungstheoretisch perspective, critiquing how competence development is often disconnected from
the broader concept of German educational philosophy. This integration, however, can create tensions
or ambiguities in practical application, as the focus on measurable competencies may conflict with the
holistic developmental ideal emphasized in Bildung.

The bildungstheoretisch approach centers on the individual's education and development, emphasizing
personal growth, societal participation, and values, thereby promoting a more universal understanding
of competence. In contrast, the cognitive theoretical approach conceptualizes cognitive processes as
latent abilities—internal dispositions that are not directly observable but become evident through
performance in specific situations. The cognitive perspective focuses on assessing latent abilities by
evaluating how they are expressed through actions in specific situations, emphasizing the importance of
the situation as a primer for the realization of underlying competence, serving as a catalyst that activates
its expression.

Reetz’s model integrates various dimensions of competence—personal, social, methodological, and
subject-specific—in alignment with the bildungstheoretisch tradition, which emphasizes holistic
individual development. This tradition focuses not only on cognitive skills but also on personal growth,
moral and ethical considerations, and social responsibility. Reetz (1999, p. 44f) critiques the modern
discourse on competence development, particularly in vocational education, for neglecting the
developmental and humanistic aspects of education that are central to the German concept of Bildung.
He emphasizes a developmental view of competence, which resonates with the bildungstheoretisch ideal
of continuous personal and educational growth, highlighting the importance of viewing competence as
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an evolving process that extends beyond technical skills to encompass broader aspects of human
development.

Despite its holistic foundation, Reetz’s model emphasizes the abilities necessary to effectively respond
to evolving situations, aligning it closely with a cognitive approach. Additionally, Reetz’s model offers
clear criteria for the "operationalization" (Reetz, 1999, p.41) of personal, social, methodological, and
subject-specific dimensions of competence. For instance, personal competence can be operationalized
through self-regulation skills, and social competence through teamwork and communication abilities
(Reetz, 1999).

However, this blend of educational philosophical and cognitive approaches introduces challenges in
balancing measurable technical skills with the more abstract aspects of personal development. This
makes it difficult to create a balanced framework that accurately captures the full range of competencies.
The underlying logic suggests that integrating educational theoretical and cognitive perspectives might
result in a model that does not fully embrace either approach. While Reetz's model includes a
developmental perspective, some critics note that it may not entirely address the evolving nature of
competence over time. Additionally, although the operationalization of vocational action competence
through specific indicators aligns with cognitive theory’s emphasis on measurable outcomes, the more
nuanced aspects of personal and social competencies, such as communication skills and moral reasoning,
are inherently harder to measure. For example, while Reetz’s model might effectively assess technical
skills through standardized tests, assessing social responsibility or moral growth is more subjective.
Similarly, cooperation may be measured in teamwork tasks, but individual problem-solving tasks pose
challenges in terms of test formats and measurement consistency (see Section 2.4.3). These
inconsistencies make it difficult to consistently integrate the measurement of sub-competencies under
the broader concept of Handlungskompetenz in Reetz’s framework.

2.2 The Shift Towards Empirical Competence Models: Clarifying Competence for Precise
Measurement

2.2.1 Weinert's Competence Approach: Foundations in Empirical Educational Research

A different tradition of the competence approach, distinct from the widely used concepts of subject-
specific, methodological, social, and personal competence in vocational pedagogy, is Weinert's
understanding of competence, which has been of significant importance for the competence concept
preferred by empirical educational research:

"die bei Individuen verfiigharen oder durch sie erlernbaren kognitiven Fihigkeiten und
Fertigkeiten, um bestimmte Probleme zu ldsen, sowie die damit verbundenen motivationalen,
volitionalen und sozialen Bereitschaften und Fdhigkeiten um die Problemlésungen in
variablen Situationen erfolgreich und verantwortungsvoll nutzen zu konnen" ("The
cognitive abilities and skills available to individuals, or that can be learned by them, to solve
specific problems, along with the associated motivational, volitional, and social dispositions
and abilities, necessary to successfully and responsibly apply these solutions in variable
situations") (Weinert, 2001, p.27f).

Weinert’s definition of competence introduces several key distinctions that have important implications
for competence assessment:

- Available or Learnable: Weinert emphasizes that competences can either already be present
("available") or be acquired ("learnable"). This distinction allows competences to be viewed
both as existing abilities and as skills that can be developed from a "zero point" (Hartig &
Klieme, 2006, p. 130) through learning. This suggests that competences are theoretically
accessible to all individuals through training and can evolve over the course of the learning
process. Even if a person initially lacks competence in a given area, they can develop it from
the ground up.

- Basic Competence: The learnability of competences also implies that some competences are
foundational or "basic." These basic competences must often be acquired before more complex
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or advanced skills can be developed. If these abilities are already available, it indicates a higher
level of competence (Baumert et al., 2001; Tenorth, 2004; Klieme & Hartig, 2007).

- Performance as an Expression of Competence: Although Weinert’s understanding of
competence includes motivational, volitional, and social dispositions, giving it a seemingly
comprehensive scope, it aligns closely with cognitive theoretical approaches due to its explicit
focus on problem-solving in specific situations. Competence, according to Weinert, is realized
through the ability to solve problems in concrete situational contexts. This realization of
competence is performance, which serves as the observable basis for evaluating competence.

- Motivation and Performance: Weinert’s approach, which integrates both performance-based
measurement and a broad scope of competence, reveals a challenge often seen in previous
competence concepts that merge cognitive theoretical approaches with comprehensive
competence frameworks. According to Weinert, motivation is not a prerequisite for competence
but rather an integral part of it, with competence being assessed through observable performance
or actions. If an individual is not motivated to perform a task, the resulting lack of performance
may be mistakenly interpreted as a lack of competence (Ldenthin, 2011). The inclusion of
motivation in the definition of competence and the emphasis on its realization through
performance introduces complexity by conflating the expression of competence with an
individual's willingness or drive to perform.

2.2.2 Klieme’s Role in Developing Educational Standards

In Germany, the discourse around educational reform has been heavily influenced by international
comparative studies such as PISA, TIMSS, and IGLU. These studies prompted a shift from an input-
oriented approach, which emphasized resources, curricula, and regulations, to an output-oriented
approach, focusing on educational outcomes and learning achievements. This shift marked a move
towards standardizing curricula based on measurable educational results.

Klieme played a key role during this period in conceptualizing and implementing Bildungsstandards
(educational standards) in Germany. These standards were intended to define the competencies students
should acquire at different stages of their schooling. Klieme’s approach offers a structured, precise
framework for measuring and developing competencies, grounded in domain specificity, level
differentiation, and the cumulative development of skills and knowledge.

- Domain-Specificity: Klieme’s model stresses the domain-specific nature of competence
acquisition and development. He defines "domain" in line with expertise research as a specific
field of knowledge or subject area in which competencies develop (Klieme et al., 2003, p. 72).
Competence reflects the fundamental actions required of students within a given domain,
understood as the disposition to perform in these areas. Klieme distinguishes this domain-
specific understanding of competence from more generalized concepts such as subject,
methodological, social, and personal competencies, which are common in vocational education.
Instead, Klieme’s approach narrows the focus to specific subjects or domains (like math, science,
language), where competencies are linked to particular fields of knowledge. This domain-
specific understanding makes competence measureable and helps to more precisely define what
a student should be able to do in each subject (Klieme et al., 2003, p. 22). Moreover, by
concentrating on core principles within a specific domain, Klieme’s standards make it easier to
measure competence because it focuses on specific knowledge and skills rather than wide range
of general abilities across an entire curriculum (Klieme et al., 2003, p. 48).

- Level Differentiation: Bildungsstandards were designed to be differentiated by levels of
difficulty to accommodate the heterogeneity of the student population. Klieme emphasizes that
the standards do not merely set a benchmark but differentiate between competence levels above
and below the minimum standards. These levels allow for understanding the development of
competencies over time and help create differentiated learning profiles, addressing the varied
needs of students (Klieme et al., 2003, p. 25). Each competence level is defined by specific
cognitive processes and actions that students at that level can perform, but which students at
lower levels are not yet capable of handling (Klieme et al., 2003, p. 28). This makes learning
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outcomes transparent and trackable, enabling educators to ensure that students meet the
appropriate competence levels at each stage of their education. According to Klieme et al. (2003,
p-49), the function of Bildungsstandards is not to increase individual performance pressure or
enforce selection among students. Rather, the standards focus on supporting individualized
learning paths and ensuring quality development in schools. They promote differentiated
learning approaches while maintaining a high level of educational quality for all students.
Competence models provide a framework that allows teachers to better manage the
heterogeneity of learning processes and outcomes among students. By comparing students'
performance to minimum criteria, teachers can identify students needing additional support,
thus enhancing their diagnostic skills. These models help ensure that struggling students receive
necessary interventions. Additionally, competency models enable schools to develop
differentiated profiles by setting higher expectations for more capable students. Schools can
establish goals for the number of students expected to reach advanced competency levels,
driving school-specific initiatives and continuous improvement. This flexibility allows schools
to tailor their programs and track their progress through evaluation and self-assessment.

- Competence Development: A key characteristic of Bildungsstandards, closely tied to level
differentiation, is the standardization of competence development. While level differentiation
refers to the cross-sectional aspect of educational standards, competence development is viewed
longitudinally. Klieme et al. (2003) emphasize that competence development is a cumulative
process with two main implications: First, educational standards set clear expectations for each
grade level, defining the competence levels that students should achieve at specific stages of
their education. Students advance through a sequence of competence stages, with each stage
building on the previous one. This progression is tracked and quantified, ensuring that students
gradually master more advanced competencies aligned with their cognitive development and
learning trajectory. Second, competence development is an ongoing process where knowledge
and skills in fundamental areas are systematically connected and repeatedly applied (Klieme et
al., 2003, p. 27). This kind of cumulative learning is distinct from episodic knowledge, which
is acquired solely to pass a test and then forgotten (Klieme et al., 2003, p. 26). Instead, Klieme’s
standards emphasize competence based on deep, long-term learning, ensuring that knowledge
and skills are retained and actively used throughout the educational process.

Klieme’s (2003) definition of competence, which underpins the development of educational standards,
was strongly influenced by the work of Franz E. Weinert:

"In Ubereinstimmung mit Weinert (2001, S. 27f.) verstehen wir unter Kompetenzen die bei
Individuen verfiigbaren oder von ihnen erlernbaren kognitiven Fihigkeiten und Fertigkeiten,
bestimmte Probleme zu losen, sowie die damit verbundenen motivationalen, volitionalen
und sozialen Bereitschaften und Fdhigkeiten, die Problemlosungen in variablen Situationen
erfolgreich und verantwortungsvoll nutzen zu konnen" ("In accordance with Weinert (2001,
p. 27f), we understand competencies as the cognitive abilities and skills that individuals
either possess or can acquire in order to solve specific problems, as well as the associated
motivational, volitional, and social dispositions and abilities required to successfully and
responsibly apply these solutions in variable situations") (Klieme et al., 2004, p.72).

While this definition emphasizes the integration of cognitive skills, performance, and motivation, a key
tension arises in Klieme’s adaptation of the model. Klieme explicitly links competence to measurability,
stating that competence can only be assessed through "observable performance” (Klieme et al., 2003, p.
73). However, this presents a challenge: although Klieme acknowledges that motivational and action-
related characteristics are integral to competence (Klieme et al., 2003, p. 72), in practice, motivation is
not treated as a variable in his competence models or in the evaluation of performance. As a result,
competence in Klieme's framework is effectively reduced to what can be measured through performance,
overlooking the role of motivation in influencing that performance.

In addition to the issue of motivation, the measurement of transversal competencies is not clearly defined
within the Bildungsstandards. Klieme emphasizes that key skills, such as problem-solving and
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communication, should not be isolated into separate standards but should be integrated within subject-
specific learning objectives. This approach ensures that students develop broader competencies as part
of their mastery of individual subjects, fostering a more holistic educational experience that incorporates
critical thinking and communication across all areas of learning (Klieme et al., 2003, p. 26). To illustrate
this, Klieme uses the standards in mathematics as an example, dividing them into two key components:
content-based and process-oriented parts. The content-based part outlines the fundamental subject-
specific knowledge and skills in mathematics, such as numbers and operations, patterns, functions, and
algebra. In contrast, the process-oriented part focuses on essential methods and work strategies in
mathematics, including problem-solving, reasoning and proof, communication, connections to other
areas, and representations. The overall goal is to create a unified instructional approach that integrates
mathematical content with subject-specific work techniques.

It is important to note that although Klieme distinguishes between content-based and process-oriented
components, in his competence measurement framework, transversal competencies or process-oriented
competencies are not treated as distinct variables. Instead, they are unified with the content-based
components. While the acquisition and measurement of transversal competencies indeed require a
subject-specific context and practical application (Pellegrino & Hilton, 2012; Ritchhart et al., 2011;
Shavelson & Huang, 2003), it is worth questioning whether it is appropriate to treat transversal
competencies and subject-specific knowledge and skills as a unified construct in their measurement.
Embedding these competencies within subject-specific frameworks leads to several challenges.

First, transversal competencies, as their name suggests, are cross-disciplinary skills that apply to various
learning contexts. Through sustained engagement within a specific subject area, these competencies can
become sufficiently decontextualized, allowing them to transfer to broader or multiple domains
(Shavelson & Huang, 2003). If these competencies are measured solely within the confines of subject-
specific frameworks, they may not receive adequate focus as standalone skills. This lack of emphasis
undermines their role in fostering adaptability across different contexts, which is crucial for preparing
learners for real-world challenges.

Second, embedding transversal competencies within subject-specific frameworks complicates the
assessment of the relationship and interaction between subject-specific competencies and transversal
competencies. For example, it becomes challenging to determine the extent to which improvements in
problem-solving or communication skills are a result of enhanced subject knowledge, and conversely,
how transversal competencies facilitate the acquisition and development of subject-specific knowledge
in new domains.

Third, measuring transversal competencies is inherently complex. Traditional paper-and-pencil tests,
such as ACT’s Collegiate Assessment of Academic Proficiency (CAAP), ETS’ Tasks in Critical
Thinking, and the now-discontinued Undergraduate Assessment Program’s (UAP) Area Tests, coexist
with innovative assessment technologies like computer simulations (e.g., Sangmeister et al., 2018;
Peallens et al., 2023 for industrial clerks; Seeber et al., 2016; Tschope & Monnier, 2016; Dietzen et al.,
2016 for trainees in the health and personal care sector; Gschwendtner et al., 2010 for automotive
mechatronics trainees). These simulations are considered more effective for assessing dynamic and
interactive skills, such as critical thinking, problem-solving, and collaboration (Clarke-Midura & Dede,
2010). However, a significant challenge arises from the lack of equivalence and limited
interchangeability between innovative digital assessments and traditional methods. This discrepancy
complicates the comparability and interpretability of test-taker performance across different modes of
assessment (Shavelson et al., 1991; Pine et al., 1993; Baxter & Shavelson, 1994; Baxter, 1995;
Shavelson et al., 1999). Consequently, questions arise regarding the validity of level differentiation in
educational standards, especially when transversal competencies and subject-specific competencies are
assessed through different modalities. If the methods used to measure these competencies are
inconsistent, the accuracy of classifying students into specific competency levels is called into question,
undermining the goal of providing clear and reliable measures of student progress and competence.
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In the further development of his competence approach, particularly within the German Research
Foundation’s (DFQ) priority program "Kompetenzmodelle zur Erfassung individueller Lernergebnisse
und zur Bilanzierung von Bildungsprozessen" (Competence Models for Measuring Individual Learning
Outcomes and Assessing Educational Processes), Klieme and Leutner (2008, p.879) define competence
as "context-specific cognitive performance dispositions that are functionally related to situations and
requirements within specific domains". By focusing solely on cognitive dispositions, this approach
circumvents the complexities introduced by motivational and affective components present in broader
competence definitions, such as those proposed by Weinert (2001a), who includes motivational
orientations, attitudes, tendencies, and expectations. Whereas Weinert’s definition emphasizes both
"ability and willingness" to act, Klieme’s model deliberately narrows the scope to focus on cognitive
performance dispositions. This streamlined focus allows for a clearer measurement of competence
without being complicated by non-cognitive factors like motivation. The situations in which these
cognitive dispositions are applied can range from highly specialized competencies in specific domains
to more broadly conceptualized key competencies that have cross-domain relevance (Klieme et al.,
2008). This makes Klieme's model adaptable to both narrow and broad educational contexts, facilitating
the measurement and analysis of learning outcomes across different levels and areas of education.

o Strengths and Challenges of Klieme’s Model

Klieme’s Competence Model has several notable strengths that make it a valuable framework for
vocational education and training.

- Emphasis on Subject-Specific Competence (Fachlichkeit, Klieme et al., 2003, p.24): A core
strength of Klieme’s model is its strong emphasis on subject-specific competence,
distinguishing it from broader educational frameworks that encompass facets such as self-,
social-, and methodological competence. Klieme’s model focuses on the domain-specific nature
of competence, ensuring a tight connection to specific learning fields and vocational areas. This
emphasis on subject matter (Fachlichkeit) ensures that vocational competence remains firmly
rooted in the specific skills and knowledge required within particular professional domains.

- Measurability and Precision: Another significant advantage of Klieme’s model is its focus on
measurability and precision. The model is structured such that competencies are clearly defined
and operationalized into measurable outcomes. This precision, combined with a robust
empirical foundation, facilitates evidence-based decision-making and supports educational
reforms.

- Transparency and Accountability: Klieme’s approach also enhances transparency and
accountability within the education system. By clearly defining educational standards and
outlining what students should achieve by the end of specific stages, the model establishes a
clear benchmark for educational progress. This transparency ensures that educational objectives
are not only measurable but also comparable across various regions and schools. Consequently,
it holds schools and teachers accountable for meeting these standards, fostering an environment
of continuous improvement and quality control in education.

While the differentiated competence levels in Klieme's model of educational standards provide a
framework for assessing measurable outcomes, they also pose the risk of over-standardization. When
the focus shifts primarily to evaluating whether students meet specific levels (e.g., achieving a particular
test score or performance benchmark), the richness and diversity of the learning experience may be
compromised. Students placed in lower levels might be assigned tasks that are less engaging or less
challenging, aimed at making the work more manageable. However, by grouping students too early
based on their competence levels, they may become trapped in overly simplified tasks, limiting their
opportunities to stretch their abilities and actively participate in their own learning. As a result, these
students may not have the chance to push their limits or develop their abilities fully. Instead of being
encouraged to grow and engage deeply in their learning, they might end up stuck in learning activities
that don't stimulate or involve them as much, which could hinder their progress. Although level
differentiation is intended to accommodate the diverse abilities and learning paces of students, it can
inadvertently lead to negative consequences for those categorized at lower levels.
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In the context of Klieme's Bildungsstandards, there is an acknowledgment of the importance of level
differentiation, which allows for variations in performance levels within the framework. However, the
challenge lies in ensuring that such differentiation does not lead to rigid categories that prevent teachers
from adjusting the curriculum to better meet the diverse needs of their students. Balancing
standardization with the necessity for individualized learning remains a critical issue in ensuring that
educational systems not only achieve predefined benchmarks but also respect and cultivate the
individuality of each learner.

2.3 Interim Summary: Implications for Competence Measurement in Educational
Research and Practice

Competence measurement has become a critical focus in modern educational research, particularly
within vocational education and training (VET), given the ongoing international large-scale comparative
studies in VET. The introduction of competence models, such as those proposed by Roth, Reetz, Klieme,
and Weinert, has fundamentally reshaped how student outcomes are assessed and understood. Despite
differences, these models share several common strengths that are valuable for educational practice:

- Competence as an Ongoing, Evolving Process: These models recognize competence as an
evolving process rather than a fixed achievement. They emphasize continuous growth and
development, enabling learners to build and expand their skills throughout their vocational
education and training journey. This perspective aligns with the dynamic nature of vocational
environments, where adaptability and skill progression are essential.

- Openness to Training: Competence is seen as something that can be developed and enhanced
through training. The models highlight the potential for learners to acquire and refine
competencies through targeted educational interventions, reflecting the belief that competence
is not an inherent trait but one that evolves through learning experiences.

- Focus on Vocational Competence: While Roth and Reetz offer a broadly conceptualized,
universal approach to competence, they still emphasize berufliche Handlungskompetenz
(vocational action competence) as central to vocational education. Klieme’s Bildungsstandards,
although developed primarily for general education, similarly underscore the importance of
Fachlichkeit (subject-specific competence). This focus ensures that competence models remain
closely aligned with the specific demands of professional domains, reinforcing the need for
competencies to be grounded in the practical realities and specialized knowledge required in
various vocational fields.

However, a significant challenge in competence measurement lies in balancing the need for precise,
measurable outcomes with the desire for a more holistic understanding of competence. This tension is
particularly evident in the following four key areas:

1. Critique of Reducing Competence to Performance:

Whether motivation should be included in the definition of competence is a point of debate. Competence,
by nature, is latent and cannot be directly observed—whether it involves cognitive skills or motivational
factors. To measure competence, these latent structures must be translated into observable variables,
which are then measured and interpreted to infer competence. This process of translating and
interpreting often leads to problems, as what is observed (performance) may not fully reflect the
underlying competence.

While reducing competence to performance is useful for pragmatic purposes, such as in large-scale
educational assessments, it overlooks the fact that competence encompasses more than just observable
actions. An individual may possess the required competence but fail to demonstrate it due to
situational factors, such as unfamiliarity with the testing environment or the layout of test items (see
Section 3.4.3 for details). Thus, limiting the measurement of competence solely to performance risks
oversimplification. Competence should be assessed not only through observable actions (performance)
but also by considering the underlying abilities and dispositions that inform those actions.
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The Item Response Theory (IRT), a widely used statistical method for measuring competencies and
abilities, addresses this issue by estimating latent variables (unobservable traits like competence)
based on response behavior, rather than relying solely on direct performance as an indicator of
competence. IRT models separate performance from competence by estimating a person’s probable
ability based on their responses to tasks, rather than assuming competence from whether they
answered correctly. IRT also accounts for task difficulty and response patterns, which allows it to
adjust for performance fluctuations caused by factors such as low motivation or external conditions.
This approach results in a more accurate estimation of probable competence, based on responses
across multiple tasks and varying levels of difficulty.

2. The Role of Motivation in Competence Definition

Weinert’s model presents a holistic view of competence, encompassing cognitive, motivational,
volitional, and social factors, and operationalizes competence through performance in problem-solving
tasks. However, a key issue arises from the model’s integration of motivation with competence. While
motivation is a crucial component, it raises questions about validity—can a student who is unmotivated
in a test setting be classified as lacking competence (Ladenthin, 2011)? In this context, performance is
used as a proxy for competence, but it may fail to capture the full range of a student’s abilities,
particularly when motivation is low.

Although IRT accounts for task difficulty and allows for a more objective estimation of competence, it
cannot directly address the issue of motivation. Motivation is a situational variable that affects test
performance but is not directly measurable within IRT models. This means that while motivated
individuals may display their full competence, lack of motivation could still lead to an underestimation
of competence unless compensated by other statistical methods.

In contrast, the definition of competence in the DFG priority program “Kompetenzmodelle zur
Erfassung individueller Lernergebnisse und zur Bilanzierung von Bildungsprozessen” (Competence
Models for Measuring Individual Learning Outcomes and Assessing Educational Processes) focuses
strictly on cognitive abilities and explicitly excludes motivation from the competence definition (Klieme
& Leutner, 2008). By excluding motivation, the focus shifts to assessing cognitive abilities
independently of motivational influences, which helps avoid conflating competence with motivation.
The aim of competence assessment, in this case, is to measure actual cognitive abilities and skills, rather
than how motivated someone is in a specific test setting. To address motivational bias in competence
assessments, controlling for motivational factors is crucial. For example, using different test conditions
(e.g., varying the order of test booklets) can allow for the analysis of measurement invariance across
groups, helping to determine whether performance differences arise from motivation or actual
competence. If measurement invariance holds, it suggests that the test assesses competence consistently,
free from the influence of motivation.

3. Challenges of Measuring Transversal Competence

Transversal competencies, such as collaboration and creativity, are increasingly recognized as essential
in education and training. However, the instruments used to assess these competencies vary considerably
in methodology. For instance, collaboration is often assessed through interactive computer simulations
(e.g., PeaBlens et al., 2023), which allow for the dynamic measurement of teamwork and communication
skills in real-time environments. In contrast, creativity is frequently evaluated using more traditional
paper-and-pencil tests, such as Guilford’s Alternative Uses Task (AUT) and Divergent Thinking Tasks
(Guilford, 1967). This disparity in assessment methods highlights the challenge of developing consistent
and comparable measures for transversal competencies, complicating efforts to integrate them into a
unified competency framework.

Based on Klieme et al. (2008), the situations in which competencies are measured can range from
highly specialized vocational competencies to broadly conceptualized general competencies, with
empirical results suggesting that domain-specific competence and general competence are correlated
but still separable constructs (Wirth et al., 2005). To ensure precise measurement and to better
understand the interaction between vocational-specific and transversal competencies, it is advisable to
conduct separate measurements, rather than treat subject-specific competence and transversal
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competence as a unified measurement objective. If the primary construct of interest is vocational-
specific competence, the assessment should focus solely on that, while controlling for transversal
competencies in the design. For example, individual assessments could be conducted using paper-and-
pencil tests that do not require collaboration or media competence. If there is a need to include digital
or interactive components, measurement invariance can be tested to ensure that the vocational
competence is being measured consistently across different test modalities, without being confounded
by transversal competencies like digital literacy (see Section 3.4.3 for details). This approach allows
for clearer analysis of each type of competence while preserving the integrity of the vocational-
specific measurements.

4. The Risk of Over-Standardization in Competence Measurement

Competence measurement, while aiming for precision, can inadvertently lead to over-standardization.
This emphasis on measurable outcomes may narrow the focus of education, overshadowing the broader,
richer learning experiences that are essential for student development. The need to meet predefined
standards may demotivate students, particularly those placed in lower competence levels. These students
may find themselves engaging with overly simplified tasks that do not challenge or engage them,
potentially limiting their growth and undermining their potential to fully develop their competencies.

To effectively address the issue of over-standardization in competence measurement, the most important
factor is to balance between standardization (capturing an average or typical growth trajectory) and
personalization (accounting for the variance around that trajectory).

A competence model must provide a clear, measurable framework that outlines the average progression
expected from learners. This helps establish a benchmark for evaluating educational outcomes and
ensuring quality across different institutions. Standardization ensures consistency and comparability
across assessments and training programs, giving educators and policymakers a common understanding
of what constitutes competence at various stages. At the same time, the model must allow for individual
differences by recognizing that learners may not follow the exact same path. Personalization
accommodates the variance around the average growth trajectory, acknowledging that learners develop
at different paces, influenced by factors such as learning styles, experiences, motivation, and external
circumstances.

By balancing these two elements, the model can offer flexibility within a structured framework. This
approach ensures that while learners are guided by clear expectations, there is still room for adaptation
based on individual needs. Such a model promotes equity—providing all learners with the opportunity
to achieve competence while respecting their unique developmental pathways. It encourages a focus on
continuous growth and learning, rather than just meeting fixed standards.

3. Domain-specific and Domain-linked Dimension: Modelling Development of
Vocational Competence

"The clarity of specification, judgement, and measurement in competency-based training
indicates an aura of technical precision.” (Norris, 1991)

The evolution of the concept of competence, from its initial didactic orientation to its current use as a
model for the empirical measurement of VET outcomes, demonstrates the diverse scope of vocational
competence models in modern VET research. Some approaches encompass not only the acquisition of
specialized vocational knowledge and skills, but also the fostering of motivation and the development
of cross-domain key competencies, which are essential for the completion of professional tasks.
Furthermore, in numerous instances, the definitions of vocational competence extend beyond the
vocational context itself (Riischoff, 2019). The diversity of scope inherent to these models presents a
challenge to the measurement and comparison of competencies. This underscores the need for rigorous
construct validation, which is currently insufficient (Riischoff, 2019).
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This chapter introduces a competence model that builds on the strengths of previous models while
addressing their critiques. It emphasizes the model's uniqueness and necessity. This chapter places
particular emphasis on measurability, recognizing the inherent tension between a comprehensive,
universal competence model and the need for precise measurement. Although comprehensive
competence frameworks offer valuable insights, a workable definition of vocational competence must
prioritize clarity and precision over universality. As Norris (1991) observed, competence concepts that
are overly generalized often lack practical relevance. This is because they provide broad descriptions of
human abilities that are difficult to operationalize and assess. A competence model designed for
empirical measurement must necessarily exclude certain aspects in order to maintain a focus on the
precise measurement of the elements it includes. The inclusion and exclusion of key elements in this
competence model establish clear boundaries that define its structure, ensuring focus and applicability.
It is of the utmost importance to adhere to these boundaries, which have been defined theoretically, in
order to validate or invalidate the model. This will ensure that the model remains robust and reliable in
practice.

3.1 Defining Boundaries: Clarifying Competence for Precise Measurement and Application

The concept of competence, as defined by Klieme and Leuner (2006) as "a cognitive disposition that is
learnable and functionally related to situations and requirements in a certain field of action", provides a
theoretical basis for operationalization. It is of the utmost importance to ensure that the construct
underlying the assessment corresponds to the competence concept. This can be achieved by establishing
clear-cut boundaries, specifying what is included and what should be excluded based on this definition.

1. The Boundary Between Cognition and Motivation

At first, this definition explicitly excludes the motivational aspect and includes only cognitive
dispositions. Although Weinert (2001b) also defines competence in a comprehensive manner that
includes motivational and volitional factors, he suggests maintaining tidiness in its measurement:

"Weinert (2001) geht in seiner einflussreichen Expertise zum Kompetenzbegriff hingegen iiber
den kognitiven Bereich hinaus und diskutiert auch so genannte Handlungskompetenzen, die
motivationale Orientierungen, Einstellungen, Tendenzen und Erwartungen einschliefen.
Allerdings schldgt Weinert an derselben Stelle vor, in empirischen Untersuchungsdesigns
kognitive und motivationale Tendenzen getrennt zu erfassen, gerade weil nur so ihre
Wechselwirkung analytisch dargestellt werden kann" (Weinert, 2001b, as cited in Klieme &
Leutner, 2006). (Weinert (2001) goes beyond the cognitive domain and discusses so-called
action competencies, which include motivational orientations, attitudes, tendencies, and
expectations. However, Weinert also proposes in the same context that empirical research
designs should measure cognitive and motivational tendencies separately, precisely because
this allows for their interaction to be analytically represented).

Therefore, in our research, we aim for precision by clearly distinguishing between cognitive and
motivational aspects of competence.

2. The Boundary Between Cognitive Disposition and Performance

Understanding competence as a cognitive disposition also means distinguishing it from performance,
which refers to what is actually done under existing circumstances (Messick, 1984). Competence, in
contrast, is based on "an integrated deep structure (understanding) and on the general ability to co-
ordinate appropriate internal cognitive, affective and other resources necessary for successful
adaptation" (Wood & Power, 1987, p. 414). These potential abilities and possibilities for action are
expressed as surface behaviors under certain situational and individual conditions, such as emotion and
motivation. This concept that competence is a cognitive disposition involves an integrated deep structure
of understanding and the ability rather than just performance is influenced by Chomsky's linguistic
theory, which distinguishes between "competence" and "performance" posits that the surface behavior
(performance) of actual speaking is underpinned by a linguistic potential (competence) within the deep
structure of the person and their knowledge, allowing for the generation of more sentences than are ever
actually expressed (Witt, 1975).

3. The Boundary Between Vocational Specialized Competence and General Competencies
19



In addition to the term "cognitive disposition," another essential element of this definition of competence
is that it is "functionally related to situations and requirements in a specific field of action" (Klieme &
Leuner, 2006). The scope of these fields or relevant situations can vary considerably, from highly
specific competencies in narrow domains to broadly conceptualised key competencies (Klieme et al.,
2008). Empirical studies have confirmed that cross-domain key competencies and competencies in
narrow domains are correlated yet separable constructs (Wirth et al., 2005), thereby highlighting the
research field of specialised vocational competence. In addition to specialised vocational competence,
general competencies, which include basic skills and key competencies as defined by the European
Commission (n.d.), represent another area of interest within the field of modelling action-oriented
vocational competence. The majority of current research on modelling vocational competence (66%)
focuses on vocational specialised competencies, while 25% includes basic skills diagnosed in the area
of vocational training (Rischoff, 2019). For instance, Winther (2011) distinguished between the
mathematical and literacy facets of general competence in commercial training, whereas Ziegler et al.
(2016) measured general reading, mathematics, and science competence in vocational contexts.
Furthermore, 9% of the studies involve key competencies, such as social and communicative skills
(Dietzen et al., 2016; Doring et al., 2016). This doctoral thesis narrows the scope of action-oriented
vocational competence to focus on vocational specialised competence, distinguishing it from basic skills
or transversal competencies.

The three boundaries defining vocational competence address the first research gap identified in the
introduction, namely the scope of competence definition. Furthermore, they implicitly highlight the
second research gap concerning the format of assessment. Computer-based simulations, such as video-
and computer-based simulations of medical practices or office simulations, are particularly effective for
the evaluation of holistic, action-oriented vocational competence. For instance, these simulations can
evaluate technical and socio-communicative abilities in medical assistants (Seeber et al., 2016; Tschope
& Monnier, 2016; Dietzen et al., 2016) or cognitive and social aspects of collaborative problem-solving
in commercial trainees (PaeBens et al., 2023). Nevertheless, when utilising digital assessment techniques,
it is imperative to take into account factors that extend beyond the delineated boundaries of vocational
competence. This encompasses both transversal competencies, such as digital competence, and
motivational factors, including attitudes towards digital tools. It is essential that these factors are
controlled and examined in the presented research through careful design and statistical analysis in order
to ensure an accurate measurement of vocational competence.

4. The Boundary Between Training and Employment Stages

In addition to the previously discussed boundaries that define competence, the distinctions between
training and employment stages are essential for shaping the scope of the competence model,
particularly regarding its generalizability. According to Winther (2011), the development of vocational
competence can be divided into two key stages: the apprenticeship stage and the employment stage,
each with distinct competence structures. The vocational training stage focuses on developing
competencies specific to particular occupations, acquired through structured educational programs,
practical training, and apprenticeships. In contrast, the employment stage is primarily characterized by
task-specific and workplace-related factors that reflect the demands of actual work environments. This
study focuses on the VET stage, specifically examining how vocationally specialized competencies are
developed during training.

3.2 Challenges and Difficulties in Defining and Measuring Vocational Competence

Despite the establishment of clear boundaries for the competence concept, the definition of this construct
remains a challenging endeavour. Norris (1991) identified the key challenges and difficulties in
competence research as the dilemma between operationalizability and generalizability. Approaches to
competence constructs in vocational education demonstrate two distinct tendencies. (1) an increasing
degree of generalization (e.g. generic constructs) and (2) an increasing level of operationalizability (e.g.
behaviourist constructs) (Norris, 1991). From a behaviourist perspective, operationalizability is of
primary importance. This entails the ability to quantify competencies through observable behaviours
and clearly defined performance standards. Winther (2011) posits that within a behaviourist framework,
vocational competence is defined as the effective application of available knowledge and skills in
specific situations, which can be directly observed in practice. However, when competence is defined
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solely in terms of observable behaviours and explicit criteria, the resulting models can become either
overly reductive, breaking down competencies into simplistic lists of tasks. This reductionism can result
in a distorted view of competence that fails to capture the true essence of expertise. In contrast, cognitive
approaches consider competencies to be underlying skills or deeper structures, thus allowing for broader
generalizability. This perspective acknowledges the diverse and adaptable nature of human abilities
across various contexts, thereby providing a more holistic understanding of competence. With
increasing levels of both generalization and abstraction (Winther, 2011), competence is interpreted as
comprehensive concepts and interconnected systems of knowledge, skills, abilities, and attitudes that a
person should possess when performing vocational tasks. This competence concept aligns with the
developmental perspective that competence rests on "an integrated deep structure (understanding) and
on the general ability to coordinate appropriate internal cognitive, affective, and other resources
necessary for successful adaptation" (Wood & Power, 1987, p. 414). However, these concepts are more
challenging to operationalize, as they are often abstract and not easily translated into measurable criteria.

This dilemma exemplifies the intrinsic challenge in competence research: the pursuit of precise and
transparent definitions of competence may inadvertently overlook crucial practical elements while
simultaneously struggling to encompass the full complexity of human behaviour. As the concepts of
competence become more general, the vocational requirements become increasingly varied and abstract.
In order to illustrate the universality of competence, vocational requirements are divided into clusters of
general knowledge, skills, and attitudes that are not confined to a particular context or domain, but can
be applied across a range of vocational fields (for example, communication skills). This assumption of
universality logically leads to the conclusion that valid measurements are perceived as extremely
difficult or nearly impossible (Winther, 2011).

The challenge lies in striking a balance between these two approaches, requiring careful consideration
to ensure that both operationalizability and generalizability are adequately addressed in the competence
model. Winther and Achtenhagen (2009) and Winther (2010) put forth a perspective that views
vocational competence as a cognitive function, representing the potential to act in an appropriate manner
in specific vocational situations with varying demands. Consequently, vocational competence cannot be
directly observed; rather, it can be inferred from performance across a range of sufficiently similar
professional demands and situations. This perspective adopts a cognitive understanding of competence,
recognising it as cognitive potential rather than oversimplified behaviours. However, this understanding
of competence is less abstract than that proposed by traditional cognitive approaches (e.g., Messick,
1984; Wood & Power, 1987), emphasizing that competence can be inferred from consistent performance
in similar situations. This is consistent with studies on learning transfer, which indicate that
competencies are not readily transferable from one context to another (Mandl et al., 1993; Weinert,
1998). Models of competence based on this concept prioritize the operationalization and measurement
of functional and context-specific approaches, with a focus on validity within similar tasks or situations.
This aligns with the scope of the definition of vocational competence (Winther, 2011). The traditional
view of competence as cognitive potential is challenging to operationalize due to its abstract nature.
However, modern analytical methods, such as item-response theory, have enabled the inference of these
latent competencies from observable responses.

3.3 Perspectives of Modeling Competence Development in Vocational Education

Within the context of professional development for commercial apprentices and employees, three
theory-based competence models can be distinguished, each reflecting a different stage in vocational
careers. These stages are interrelated from a developmental perspective: (1) commercial competence at
the beginning of training, (2) competence development during training, and (3) professional competence
within employment in commercial fields (Winther, 2010). Figure 2 provides an illustration of the
changes in competence structure over the course of vocational education, emphasizing how
competencies evolve as trainees progress through their learning journey.
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Figure 4

Change in Competence Structure during Professional Development
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Note. Adapted from " Das ist doch nicht fair! — Mehrdimensionalitdt und Testfairness in
kaufménnischen Assessments [That's not fair! — Multidimensionality and test fairness in
commercial assessments]," by E. Winther, Zeitschrift fiir Berufs- und Wirtschafispddagogik,
107(2), 218-238.

The presented research focuses on the first two stages: commercial competence at the start of training
and its development throughout the training process. These stages are particularly critical because they
encompass the entire duration of VET, offering a deeper understanding of how competence is shaped
and refined through structured training and teaching. By examining these stages, the research sheds light
on how well-designed curricula can effectively support the development of vocational competence,
making it more responsive to structured educational interventions. This focus not only reveals the
transition of competence structures from the general educational sector to VET but also emphasizes how
curriculum design plays a pivotal role in fostering the stability and adaptability of competence as it
evolves during the training period, ultimately preparing trainees for their future careers.

e Stability: Competence Structure as the Base of Competence Development

In recent years, research on vocational competence has primarily focused on modeling the structure of
competencies across various occupational domains. Scholars such as Nickolaus et al. (2012, 2015),
Abele et al. (2014), Lehmann & Seeber (2007), Rosendahl & Straka (2011), Winther & Achtenhagen
(2009), Klotz & Winther (2014), and researchers from the CoSMed project (Seeber et al., 2016; Dietzen
et al., 2016) have made significant contributions. These models are not competitive but complementary,
each reflecting the unique demands of specific VET domains and representing different observational
perspectives, highlighting distinct methods for measuring it. This differentiation is crucial for tailoring
the interpretation of vocational competence to its intended application. For instance, a computer
simulation designed to assess the fault diagnosis skills of prospective automotive mechatronics
engineers (e.g., Gschwendtner et al., 2010) cannot be directly applied to measure the vocational
competence of industrial apprentices. In the commercial domain, for example, Rohr-Mentele and
Forster-Heinzer (2021) developed a two-dimensional competence structure consisting of basic
commercial knowledge and skills, applicable across all commercial branches and independent of
specific occupations. In contrast, Achtenhagen and Winther (2008) created a competence structure
model with action-based and skill-based dimensions, suited for advanced learners, empirically not holds
across different stages of VET. In the presented research, we develop a competence model whose
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structure can theoretically apply to all stages of vocational training, including initial stages where
trainees may lack specific work experience but possess a foundational level of general competence.
These stable competence dimensions provide a structural basis for developmental research tracking
changes over time in vocational training contexts.

e Fluidity: Navigating the Dynamic Nature of Competence Development

A robust competence model should meet several essential criteria, including differentiating the internal
structure of its components, defining level classifications, and mapping changes throughout the learning
and development process (Klieme & Leutner, 2006). While recent research on vocational competence
has primarily focused on modeling competence structures and levels, there have been notable efforts to
model competence development as well. Studies by Seeber & Lehmann (2011), Geiflel et al. (2013),
and Nickolaus et al. (2012) have examined competence change during vocational training in technical-
commercial occupations, while Rosendahl & Straka (2011) tracked the competence development of
bank clerks in the economic domain. These models have established specific competence levels
expected to be achieved at various stages of vocational training.

While quantifying exact competence levels can serve as useful references for interpreting learning
outcomes and evaluating individuals' proficiency within specific domains, they also carry the risk of
over-standardization. This approach may overlook the nuanced and dynamic nature of competence
development, which involves continuous adaptation and growth beyond static measurements. Norris
(1991) warned of the dangers associated with highly deductive models of competence, noting that
although they may appear precise, they often fail to capture the complexity and nuance of competent
performance. The tasks and functions outlined in such models may not fully encompass the richness of
good practice, leading to an oversimplified and potentially distorted view of competence.

Norris (1991) used "One Person's Ceiling is Another Person's Floor" (pp.335) to underscore the
difficulty in creating and applying standards that account for diverse expectations and benchmarks
across different people and contexts. This metaphor suggests that what is considered an exceptional
standard or achievement for one person might only be seen as a basic requirement or minimum standard
by someone else. This highlights the subjective nature of standards and competence, implying that:

1. Subjectivity in Standard: Different people or contexts may have different benchmarks for what
constitutes excellence or adequacy. What is seen as a high level of performance (the "ceiling") for one
individual or group might be perceived as just the baseline (the "floor") for another.

2. Variability in Expectations: Standards of competence and achievement can vary widely based on
individual expectations, cultural norms, and contextual demands. There is no universal standard that
applies equally to everyone.

3. Challenge of Setting Standards: The tension between minimum acceptable standards and aspirational
standards reflects the broader challenge in establishing and measuring competence. The process of
setting standards involves determining what is minimally acceptable versus what represents the highest
level of achievement, which can be influenced by subjective judgments and contextual factors.

In the context of VET, the term "totality of good practice" (Norris, 1991, pp. 334) denotes the
comprehensive capture of the full scope of what constitutes effective professional proficiency.
Consequently, these highly deductive models that quantify exact competence levels at each stage may
present a number of challenges. Firstly, competence development is influenced by a number of factors,
including individual differences, learning styles and external circumstances. A universal approach may
prove inadequate in addressing the heterogeneous needs and pathways of learners. Secondly, the rigid
definition of competence levels can impede creativity and innovation, confining learners within
predetermined boundaries and discouraging exploration, experimentation, and risk-taking, which are
essential components of learning and skill development. Furthermore, the presence of unrealistic or
excessively rigorous competence expectations has the potential to demotivate learners, which may result
in feelings of frustration, disengagement, and a sense of inadequacy.

In light of these limitations, it was decided that precise competence levels would not be assigned for
each stage of training in the model. Instead, it was acknowledged that competence is an ongoing process,
evolving continuously as individuals engage in vocational training and encounter new challenges.
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Consequently, we adopted a more flexible and holistic approach to competence development, one that
acknowledges the dynamic nature of learning and embraces the diversity of learner experiences and
pathways. Rather than defining exact levels of competence, we defined relative levels of competence.
A competence model that emphasises the inherent dynamics of development can contribute to the
continuous improvement of learners, fostering growth that extends beyond static measurements and
rigid standards.

3.4 Interaction between Domain-Specific and Domain-Linked Competence: A Framework for
Understanding Vocational Proficiency

3.4.1 Competence Structure: The Conception of Domain-linked Competence and Domain-specific
Competence

Research in VET indicates that cross-domain competences, such as basic skills and self-regulatory skills,
play a role in successfully handling demand situations across various occupations (e.g., Lehmann &
Seeber, 2007; Winther & Achtenhagen, 2008). However, this influence is limited and cannot be broadly
generalized. For instance, while basic mathematical skills are correlated with performance in math-
focused professional tasks like controlling, they do not have the same impact in general business
administration tasks (Winther & Achtenhagen, 2008; Winther, 2010). Similarly, metacognitive
knowledge and self-regulatory competence have been found to have low predictive power for
performance in commercial professions (Winther, 2006; Seeber, 2008). Given these findings, it can be
assumed that the latent structure of vocational competence for handling demand situations is not a
unitary construct. Instead, it likely consists of sub-constructs that are more predictive of vocational
proficiency than general competencies alone. This suggests that while general skills are important, their
impact on professional success is mediated by more specialized sub-constructs of vocational competence,
which are closely aligned with the specific demands of the occupation.

Greeno et al. (1984) proposed a conceptual framework within the domain of counting sets of objects
that, when applied to VET research, offers a valuable perspective for analyzing the competence required
to handle demand situations within specific professional domains. By taking the vocational economic
domain as an example, this framework can be used to analyze how individuals handle professional
demands in economic settings through three key components:

1. Conceptual Competence: This involves an implicit understanding of general principles within a task
domain. In the context of counting, it includes principles such as cardinality, one-to-one correspondence,
and order. Similarly, in the vocational economic domain, conceptual competence corresponds to the
declarative knowledge of general principles that underpin a specific occupational domain.

2. Procedural Competence: This refers to understanding the general principles related to goals and
actions within a task domain. For example, in counting, procedural competence involves linking
counting to the concept of number by determining the quantity of objects in a set. In the vocational
economic domain, procedural competence involves selecting and executing action schemata based on
the specific logic of the task at hand.

3. Utilizational Competence: This focuses on understanding the relationships between specific task
features and performance requirements. In counting, it considers how the arrangement of objects affects
the counting process. In vocational economic settings, utilizational competence involves integrating the
specific requirements of a defined situation by aligning general concepts and action principles with
situational features.

Applying Greeno et al.'s (1984) framework to VET research highlights the importance of recognizing
both the domain-specificity (Utilizational competence) and domain-relatedness (conceptual and
procedural competence) of vocational tasks. Domain specificity, which refers to content central to a
particular occupation, differs from domain-relatedness, which involves adapting general or basic content
to professional domains to support effectively handling in demand situations. To illustrate the
relationship between domain-relatedness of competence and cross-domain competence, consider
financial literacy as defined by the OECD (2020). This includes the knowledge and skills necessary for
making significant financial decisions, such as selecting bank accounts, mortgages, investments, and
retirement plans. While financial and digital literacy are essential 21st-century skills relevant to
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everyday life and foundational in commercial professions, they fall short of domain-relatedness because
they lack the specific focus required for specialized economic occupations.

To translate Greeno’s conceptualization of competence into a psychometric model for measuring
vocational competence, a two-dimensional model has been introduced, incorporating domain-specific
and domain-linked dimensions. Domain-linked competence is essential across multiple roles within a
sector but are still tied to a professional context. It bridges cross-domain competence with the specific
demands or requirements of a given professional domain (Winther et al., 2013) and serves as an
"intermediate level" necessary for successful performance within a particular occupational area. For
example, it is empirically confirmed that financial literacy significantly promotes acquisition of
vocational competence in commerce-related professions (Aprea et al., 2016). In contrast, domain-
specific competence involves the rules, principles, skills, and action plans that are specific to a particular
field, addressing the typical and concrete requirements of professional situations within specific
occupational groups (Deutscher & Winther, 2016). It is tailored to the particular demands of a profession
and is less transferable outside that specific context. Figure 3 illustrates the relationship between general
competence, domain-linked competence, and domain-specific competence.

Figure 5

Integrated Competence Model with General Competence and Vocational Competence

Vocational Competence

~
General
Competence
Domain- Domain-
specific linked
Competence Competence

Note. Adapted from "Zusammenhidnge zwischen allgemeinen und beruflichen Kompetenzen in der
kaufménnischen Erstausbildung [Connections between general and vocational competencies in initial
commercial training]," by E. Winther, J. Sangmeister, and A. K. Schade, in R. Nickolaus, J. Retelsdorf,
E. Winther & O. Koller (Ebds.), Mathematisch-naturwissenschaftliche Kompetenzen in der beruflichen
Erstausbildung: Stand der Forschung und Desiderata (Zeitschrift fiir Berufs- und Wirtschaftspadagogik
- Beihefte; Band Beiheft 26) (p. 139 — 157), 2013, Franz Steiner Verl. Also referenced in Ma, B., Krotz,
M., & Winther, E. (2024). Domain-Linked and Domain-Specific Competence: A Validation Study of a
Two-Dimensional Model of Economic Vocational Competence in Germany. Vocations and Learning.
https://doi.org/10.1007/s12186-024-09350-5

In commercial vocational training programs, domain-linked competence can be interpreted as core
economic knowledge and skills, including economic literacy and numeracy (Winther, 2010), which are
essential for practicing a profession across all commercial occupational fields. These competencies form
a foundation for both commercial training and continuing education standards, albeit with varying
intensity depending on the specific commercial occupation (Brotz et al., 2009, p. 19). An example item
assessing domain-linked competence involves a simple Value Added Tax (VAT) calculation. Trainees
should calculate the total amount the company needs to pay, including VAT, using the VAT rate and
the supplier’s invoice before VAT specified in a contract. This task requires the application of general
mathematical operations within an economic context related to taxation. On the other hand, domain-
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specific competence is crucial for addressing more complex, specialized challenges within a specific
domain. In commercial environments, employees rely on domain-specific competence to manage
intricate economic relationships and conduct business transactions according to established procedures
(Winther, 2010). For instance, a domain-specific item in our assessment asks participants to select a
logistics company to transport goods from a supplier to the warehouse. Beyond basic mathematical
calculations, this task requires test takers to analyze complex business scenarios and understand
industry-specific factors such as cost, delivery time, reliability, and payment terms.

The distinction between domain-linked and domain-specific competence is particularly relevant and
unique to VET because it directly aligns educational outcomes with the needs of the labor market. While
general education typically emphasizes broad, cross-domain competencies that are not tied to any
specific occupation, VET adopts a dual approach, developing both the broad, domain-linked competence
that are essential across a sector and the highly specialized competence tailored to particular occupations
within that sector.

3.4.2 Competence Development: The Dynamics of Vocational Competence Evolution through Schema
Theory

The development of vocational competence in economic vocational training involves more than just
accumulating skills; it encompasses the interaction between the sub-dimensions of vocational
competence and a transformation of competence structure through VET. The development of vocational
competence can be systematically understood through the lens of schema theory. The process involves
qualitative shifts in the competence structure, characterized by the schema differentiation, integration,
and refinement of sub-dimensions of vocational competence across different training phases, as
individuals continuously adapt and evolve in response to the changing demands of their training
environment.

1. Transition to Vocational Training

During the transition from general schooling to vocational training, individuals primarily rely on
domain-specific components of vocational competence, which emphasize fundamental vocational
literacy and numeracy concepts. At this juncture, trainees typically demonstrate a paucity of domain-
specific competence, which can vary considerably contingent on their prior exposure to economic
concepts, such as attendance at a commercial school.

Schema theory posits that schemas are cognitive structures that organize and store knowledge based
on past experiences and learning. This enables individuals to process new information by linking it to
existing knowledge, thereby facilitating understanding and application (Kalyuga, 2010). In this
context, the emphasis on domain-linked competence provides the basic cognitive framework or
schema, which serves as a reference point for interpreting vocational demand situations. This
framework directs learners' attention to pertinent information and facilitates their initial interaction
with the professional demand situations they will encounter later in their training. The supposition that
domain-linked competence serves as the basis for subsequent advancement towards more specialized
competence is consistent with Weinert's (2001) conceptualization of competence. Weinert posits that
the acquisition of fundamental competencies is a prerequisite for the development of more
sophisticated or advanced abilities. This concept is also supported by Gelman (1998), who posits that
pre-existing domain structures enable learners to identify and integrate pertinent information. With a
robust foundational schema in place, learners are better positioned to navigate and master more
specialized vocational tasks.

2. Early Stage of Training

In the initial stages of vocational training, the distinction between domain-linked and domain-specific
knowledge is often more pronounced due to the structured nature of the curriculum. During this period,
learners concentrate on acquiring explicit fundamental economic concepts, principles, and
methodologies through textbooks, lectures, and case studies, with initial and limited exposure to real-
world professional scenarios. This approach facilitates the development of a robust comprehension of
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fundamental concepts, thereby establishing a clear delineation between domain-linked and domain-
specific knowledge.

In order to cope with new professional demand situations, trainees with only limited domain-specific
competence may engage in what schema theory refers to as "random mental search processes" (Sweller,
et al., 2011). This involves attempting to apply general economic principles (rooted in their domain-
linked schemas) to specific contexts. This trial-and-error approach is a necessary consequence of the
incomplete development of domain-specific schemas. Through repeated practice and exposure to
professional tasks, successful applications of these principles lead to the construction and modification
of new schemas, which is a process known as schema construction.

As learners commence the process of developing and refining domain-specific schemas, the structured
learning experiences provided during vocational training assume great importance. These experiences
facilitate the refinement of domain-linked knowledge and the bridging of the gap between domain-
linked and domain-specific knowledge. Such experiences facilitate the introduction of real-world
scenarios and practical applications, thereby enabling trainees to integrate theoretical knowledge with
practical skills. Consequently, their cognitive structures become more complex and specialised.

Schema theory posits that this process entails both schema differentiation, whereby learners distinguish
between disparate types of knowledge, and initial schema integration, whereby they commence the
process of connecting and merging these differentiated schemas.

3. Training Progress

As vocational training progresses, the distinction between domain-linked and domain-specific
knowledge becomes increasingly blurred. As learners gain experience and expertise, they encounter
increasingly complex real-world scenarios that require the integration of general skills with technical
concepts. This stage is typified by a cognitive fusion of domain-linked and domain-specific knowledge,
whereby learners apply foundational economic theories to specific, context-driven situations with
greater intensity.

Schema theory posits that this process can be understood as one of schema activation, integration, and
refinement. When trainees engage in practical tasks, both domain-linked schemas and domain-specific
schemas are activated. With the passage of time, these schemas are not only activated but also integrated,
with elements of domain-linked knowledge and smaller, task-specific schemas being incorporated into
larger, more complex cognitive structures. This integration is of great consequence, as it enables learners
to successfully navigate and address situations that arise in the context of their work or enterprise.
Vocational training is of pivotal importance in this process, as it provides learners with opportunities to
engage with real-world demand situations. Instructional strategies that promote active engagement,
reflection, and the application of knowledge are essential for the facilitation of schema acquisition and
integration. Such strategies may include hands-on practice, problem-based learning, simulations, and
reflective exercises, which encourage learners to apply and refine their schemas in practical contexts
that present complex demands typical of their profession.

4. Late Stage of Training

In the latter stages of vocational training, there is a discernible intensification of the interconnection
between domain-linked and domain-specific competence. The delineation between general skills and
technical concepts tends to become increasingly indistinct. At this advanced stage, trainees demonstrate
proficiency in integrating general economic principles with specialized knowledge in order to meet
specific professional requirements.

As trainees repeatedly activate and refine these schemas through real-world practice, they undergo
schema restructuring, a process in which general skills and technical concepts are integrated in a
problem-oriented manner (Winther et al., 2013). This restructuring process gives rise to the formation
of intricate, hierarchical schemas that encompass both domain-linked and domain-specific elements. As
these cognitive structures become increasingly sophisticated, it becomes challenging to discern or
quantify the proportion of domain-linked versus domain-specific competence employed in any given
situation. This is because the two are intricately intertwined in learners' actions and seamlessly integrated
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within their cognitive framework. These advanced schemas enable trainees to effectively address
complex problems within their professional field.

VET programmes are of great importance at this stage, as they provide trainees with authentic vocational
tasks and scenarios. Such real-world challenges are instrumental in the refinement of cognitive schemas,
thereby facilitating the transition from trainee to skilled employee. Individuals who have been exposed
on numerous occasions to complex professional demands develop proficiency and are better prepared
to transition into their roles as employees. They are equipped with the expertise to navigate and solve
the multifaceted problems they will encounter in their careers.

In conclusion, this schema theory-based model of vocational competence development in economic
vocational training represents the stages of competence acquisition as qualitative shifts in the structure
of vocational competence. These shifts entail the differentiation, integration, and eventual merging of
domain-linked and domain-specific knowledge and skills, driven by processes of schema activation,
construction, and refinement. Over the course of the training period, learners gradually construct and
integrate their schemas, thereby attaining enhanced levels of competence and expertise within the
vocational domain. Please find below the revised version of the paragraph:

The advancement of vocational competence throughout the training period is characterized by two
principal processes. In the initial stages of training, trainees demonstrate a higher level of domain-linked
competence, while domain-specific competence remains at a minimal level. As training progresses,
trainees gain greater familiarity with the specific knowledge, rules, heuristics, and skills that are directly
relevant to the domain. Consequently, although domain-specific competence commences at a lower
level, it develops at a more rapid pace and ultimately attains a level that surpasses domain-linked
competence. Concurrently, there is an increasing integration of domain-linked and domain-specific
competencies. This merging process results in a high correlation between these two dimensions of
vocational competence, as general domain-linked knowledge becomes more closely aligned with
specialized, domain-specific expertise.

3.4.3 Assessment Format: The Critical Role of Aligning with Assessment Objectives to Ensure Validity

In addition to having a clear working definition and dimensionality of the construct of interest, precise
assessment plays a crucial role in maintaining the validity of a model. Beyond ensuring that assessment
content is closely aligned with the theoretical construct it aims to measure, an appropriate assessment
format is also essential for achieving precise assessment. The structure, presentation, and administration
of assessment tasks can significantly impact the validity of the results. The format should be designed
to elicit responses that genuinely reflect the construct being measured, thereby minimizing potential
biases or misinterpretations. For example, there is a growing trend toward using technology-based
assessments in educational systems, such as for industrial clerks (e.g., Sangmeister et al., 2018; Peal3ens
et al., 2023) and trainees in the health sector and personal care (e.g., Seeber et al., 2016; Tschope &
Monnier, 2016; Dietzen et al., 2016) or automotive mechatronics trainees (Gschwendtner et al., 2010).
However, earlier studies by Shavelson and colleagues in the 1990s compared computer-simulated
performance assessments to paper-based performance assessments and reported significant variability
in scores due to the methods used for delivering tasks, including direct observation, notebooks, computer
simulations, and paper-and-pencil methods (Shavelson et al., 1991; Pine et al., 1993; Baxter &
Shavelson, 1994; Baxter, 1995; Rosenquist et al., 2000). These findings highlight potential sources of
bias beyond the construct of interest when using digitalized assessments and point to the lack of
equivalence and limited exchangeability between computer simulation and traditional paper-and-pencil
methods, which leads to the incomparability between competence measured thorough digital and analog
methods. Despite these challenges, digital assessments offer many advantages, such as access to larger
and geographically diverse samples, more flexible and efficient data collection and coding (Topuzovska
& Borota, 2020), and environmental benefits. The key challenge is to maintain these advantages without
introducing biases when transitioning from one assessment format to another. One practical solution
could be the use of technology to deliver digital versions of item-based tests, offering a cost-effective
and time-efficient supplement to traditional paper-based performance assessments.

Earlier this century, national and international comparative studies in education, such as the Programme
for International Student Assessment (PISA) and the National Assessment of Educational Progress
(NAEP), began delivering digital versions of assessments. These computer-based tests typically consist
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of standardized tasks with predetermined multiple-choice and short-answer items, closely mirroring
their paper-based counterparts. The basic form of these tests involves presenting test material on a
computer screen and recording candidates' responses via computer, explicitly utilizing the computer as
a testing tool (Jurecka & Hartig, 2007, p. 38). While some modern computer-based tests enable more
complex systems, such as computer simulations with fully automated recording and reporting, simply
using computers to deliver automated versions of item-based paper-and-pencil tests does not fully
harness the potential of innovative technology in assessment (Clarke-Midura & Dede, 2010). However,
this approach remains a popular and effective method, co-existing with paper-based tests to facilitate
faster, easier, and broader data collection. The experience during the pandemic has underscored the
importance of such automated versions, as they allow for continuity in assessment practices even when
in-person testing is not feasible. Moreover, this method is particularly advantageous because it is
expected to avoid biasing the construct of interest that the original paper-pencil tests were designed to
assess. For example, in the context of the presented research, where the competence concept is clearly
defined to exclude motivational aspects and transversal competencies, there is a risk of bias when using
complex digital test systems like computer simulations. Such bias may stem from a candidate's attitude
towards digital technology or their media competence, rather than the specific construct the assessment
aims to measure. Complex digital test systems have indeed advanced the assessment of competencies in
both educational practice and research, offering new opportunities to explore constructs that are difficult
to measure with traditional paper-and-pencil tests. However, rather than serving as a supplementary or
replacement format, these digital systems should be viewed as a distinct assessment field with its own
unique applications. This underscores the crucial role that paper-and-pencil tests continue to play in
ensuring that assessments remain valid, and automated versions of them help to preserve the integrity
of the original construct being measured.

Despite the advantages of automated versions of item-based paper-and-pencil tests, it is still crucial to
examine, from a scientific perspective, whether different formats of these tests meet the necessary
psychometric criteria to ensure stability in measured performance across formats. For example, digitally
delivered competence assessments are typically not conducted in isolation; instead, they are often
combined with paper-and-pencil tests to accommodate varying levels of digitalization and adapt to
different testing conditions. In such scenarios, when measurements are conducted across varying
contextual conditions and occasions, sampling variability, compounded by condition variability (digital
versus analog), could be a major source of measurement bias in students’ performance scores, leading
to potentially inadequate interpretations of their abilities—a phenomenon known as measurement non-
invariance. To achieve measurement invariance, any differences in competence measured by analog and
digital test formats should reflect only true competence differences among test-takers, rather than
varying psychometric responses to the test items across the two formats. This raises a critical question:
Can we ensure that assessments using the same test items consistently measure the same construct across
different formats?

According to Mayer's (2001) definition of multimedia—"the presentation of materials using both words
and pictures" (p. 1)—multimedia learning materials typically involve at least two different sources of
information, such as text and images. The simultaneous processing of visually presented text and images
places a significant demand on working memory, as learners must divert their visual attention and
mentally integrate multiple sources when each source of information is essential for understanding the
material (Ayres & Sweller, 2005). This challenge, known as the split-attention effect (Sweller et al.,
1998), results from increased extraneous cognitive load caused by the presentation format of
instructional material, which does not contribute to understanding the content itself. Research by Sweller
et al. (1990) has shown that the spatial arrangement of visually presented text and images can bias
performance on competence tests. This occurs because the process of searching for reference points in
either the diagram or the text, and then mentally integrating them, likely increases the load on working
memory, thereby altering extraneous cognitive load. When a test task involves content with closely
related diagrams and text, the proximity of these elements can enhance a test-taker's performance, while
increased distance between them can impede it. In this study, the assessment includes both text and
extensive graphical information. To minimize the risk of varying extraneous cognitive loads between
formats, it is crucial that when transitioning from paper-and-pencil to a digital format, efforts are made
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to ensure that both the analog and digital versions maintain an identical design and appearance, thereby
keeping extraneous cognitive load constant.

Beyond the split-attention effect, two additional factors that could affect test performance across test
formats. First, the impact of the testing environment should be taken into account. Psychological
research suggests that recall performance is enhanced when subjects are tested in the same environment
in which they initially learned the material, rather than in a new setting (e.g., Godden & Baddeley, 1975;
Smith, 1979; Sahakyan, 2010). This finding has also been confirmed by research in vocational education,
which has shown that the use of cognitive resources, including transversal competencies like digital
literacy, is strongly linked to the specific situations in which they were acquired (Le Boterf, 1997;
Schelten, 2004; Klieme, 2004). Based on these findings, one might assume that measurement invariance
between analog and digital settings could be compromised if trainees in this study had frequently used
computers during their training in domain-specific situations. However, this assumption could not be
substantiated after reviewing the curriculum and interviewing teachers in vocational schools. Second,
the potential influence of technical factors, such as a lack of computer skills or anxiety toward digital
technology, was considered. To mitigate these factors, the digital test was designed to be highly user-
friendly, requiring no specialized computer skills. Additionally, to alleviate any psychological barriers
to the digital format, participants were provided with a brief tutorial video that demonstrated the
necessary functions of the digital test and basic operations within the digital environment.

4. Research Questions and Hypotheses

"A particularly dangerous myth is the belief that a model can be fully validated—that is, proved
correct. " (Quade, 1980)

Validation, as defined by the guideline developed by the American Institute of Aeronautics and
Astronautics (AIAA, 1998), is the process of determining the degree of accuracy with which a model
represents the real world, particularly in relation to its intended use. This process entails evaluating the
degree of correspondence between the model's behaviour and the real-world system it seeks to represent
(Fishman & Kiviat, 1967). In the context of vocational education and training (VET), this doctoral thesis
focuses on validating a model that represents vocational competence, reflecting the skills and knowledge
that individuals develop through VET. However, it is essential to acknowledge that both the validation
and invalidation procedures (Quade, 1980) are indispensable for the rigorous testing of a model to
ascertain its accuracy. Validation and invalidation are two complementary processes that can be used
together. The objective of invalidation procedures is to gain insight into the model's limitations and
strengths, rather than striving for an unattainable state of complete validation. Accordingly, this
comprehensive validation research encompasses not only model validation (Chapter 3.1) but also model
invalidation (Chapter 3.2).

4.1 Primary Research Question and Hypotheses Concerning the Model Validation

The accuracy and advancement of such models are contingent upon the precision of their definitions
and the transparency of their validation procedures, which must comply with established guidelines.

However, a notable gap exists in the existing research on competence validation in Germany's VET
system. Specifically, 78% to 88% of studies from 2001 to 2017 lack validity evidence based on internal
structure and external relations (Riischoff, 2019; Rohr-Mentele & Forster-Heinzer, 2021). Moreover,
among the limited number of studies that do investigate validity evidence based on internal structure,
the crucial issue of measurement invariance across different test occasions is frequently overlooked
(e.g., Deutscher & Winther, 2016). In accordance with the Standards for Educational and Psychological
Testing (AERA, APA & NCME, 2014), the internal structure validity evidence should encompass both
the dimensionality of the construct and measurement invariance across subgroups.

This study addresses the aforementioned gaps by providing well-structured and guideline-compliant
validation evidence, focusing on both internal structure and external relations, for the proposed
developmental model of the two-dimensional structure of vocational competence within the economic
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domain. The primary question is answered as follows: To what extent can the theoretical model, which
is based on hypotheses, be validated by empirical evidence?

The model of vocational competence employed in this research is grounded in a theoretical framework
that emphasizes two key dimensions: domain-linked competence and domain-specific competence.
Additionally, the framework adopts a dynamic perspective, recognizing that competence is not static
but evolves throughout the vocational training process. Given this theoretical foundation, the research
seeks to answer the primary research question from two perspectives:

1. cross-sectional validation: Can the two-dimensional construct of vocational competence (domain-
linked and domain-specific) be empirically represented?

2. longitudinal validation: Can the dynamic nature of vocational competence development be
empirically represented over time?

e Hypotheses in Cross-Sectional Analysis

Measurement invariance would be established across federal states (H1a), test versions (H1b) and test
formats (H2c), in line with the Standards' expectation of invariance over occasions.

The two-dimensional structure, comprising domain-linked and domain-specific competence, would
statistically outperform a unidimensional structure, reflecting the distinct nature of these two dimensions
(H2a).

There would be a positive correlation between the two dimensions, indicating that although distinct,
they are interrelated(H2b).

Vocational competence (both domain-linked and domain-specific) positively correlates with the final
grades trainees aim to achieve in their training (H3a).

Vocational competence positively correlates with trainees’ self-evaluation of their overall performance
in their training (H3b).

The average grade from the last attended school before entering the training program correlates more
strongly with domain-linked competence than with domain-specific competence at T0, as domain-linked
competence mediates the relationship between general and domain-specific competence (H3c¢).

Both domain-linked (H3d) and domain-specific competence (H3e) positively correlate with the
concurrent average grade in vocational school, with a stronger correlation for domain-linked
competence (H3f).

Both domain-linked (H3g) and domain-specific competence (H3h) positively correlate with the
concurrent average grade in the training company, with a stronger correlation for domain-specific
competence (H31).

e Hypotheses in Longitudinal Analysis
Focusing on the dynamic nature of vocational competence development, we hypothesized that:
Measurement invariance can be established across: Different measurement time points (H4).

At the beginning of vocational training, trainees would possess significantly more domain-linked
competence than domain-specific competence. (HS)

As training progresses, the increase in domain-specific competence would be steeper than the increase
in domain-linked competence (H6), the steep increase of domain-specific competence would lead it to
surpassing domain-linked competence (H7).

There would be a significant increase in the level of domain-specific competence over the course of the
three years of training (HS).

The correlation between domain-linked and domain-specific competence would strengthen throughout
the vocational training period, reflecting the increasing integration of two dimensions of vocational
competence (H9).
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These hypotheses will be tested sequentially following the guidelines of the Standards concerning
sources of validity evidence. First, we will examine the internal structure (Section 5.1), which includes
testing for measurement invariance (Hla, H1b, Hlc, and H4, Section 5.1.1) and dimensionality (H2a,
H2b, and H5-H9, Section 5.1.2). Following this, we will assess the relationships with external variables
(H3a — H23i, Section 5.2).

4.2 Further Research Question: The Limits of Model’s Validity

The validity of the model, particularly in the context of vocational competence, is not an absolute but
rather a conditional concept. The model is deemed to be valid to the extent that it is able to successfully
capture the specific competencies it has been designed to measure and reflects the empirical realities
that can be observed within the context of vocational education and training (VET). Validation is an
iterative process, entailing the testing of the model's predictions and the refinement of its scope based
on empirical observations. Validation of the model is thus determined by its alignment with observed
outcomes and its capacity to explain or predict the competencies in question. Nevertheless, it is essential
to acknowledge that a model can never be wholly validated (House & McLeod, 1980; Quade, 1980).
The validity of a model is not absolute; rather, it is conditional on the extent to which it can withstand
attempts at invalidation. Accordingly, the objective of the invalidation procedure is to enhance the level
of assurance that the occurrences postulated by the model will, in reality, manifest under the stipulated
conditions. (Quade, 1980). This introduces the concept that any model is inherently incomplete and
subject to continuous scrutiny, which is where the process of invalidation becomes relevant. This
understanding gives rise to an additional, critical research question: To what extent is the model invalid?
This question aims to ascertain the extent to which the empirical limitations of the model correspond
with, or diverge from, its theoretical foundations.

The primary research question proposed for the validation process is as follows: To what extent can the
theoretical model, which has been developed on the basis of existing research, be empirically validated?
Concurrently, the reflective research question for the invalidation process, moving in the opposite
direction, is as follows: To what extent can the test instrument, data collection, data analysis, and
interpretation effectively reflect the theoretical model of vocational competence?

A systematic reflection on the components included and excluded by the model allows for a more
nuanced understanding of its scope and limitations. This process guarantees that the model will remain
a robust instrument for understanding vocational competence. Moreover, this reflection allows for the
determination of whether the empirical application of the model results in a narrowing or broadening of
the construct as originally defined. A comprehensive examination of this reflective research question
requires an analysis and interpretation of the findings from the primary research question, which will be
further elucidated in Chapter 5.

5. Method
5.1 Data collection

The study involved 458 industrial business management trainees from vocational schools in North
Rhine-Westphalia (Nnrw = 144) and Baden-Wiirttemberg (Ngw = 314), Germany. The sample included
293 females and 165 males, which reflects the gender distribution in the population (57.6% female;
Bundesinstitut fiir Berufsbildung [BIBB], 2020). The average age of participants at the start of their
vocational training was 19.66 years (SD = 2.26), closely matching the population average of 19.7 years
(BIBB, 2020).

This longitudinal study tracked the same group of participants across three assessment points: the first
training year (T0, autumn 2019), the second training year (T1, autumn 2020), and the third training year
(T2, autumn 2021). At TO, participants were randomly assigned to one of two paper-and-pencil
assessment versions (A/B), each with a different order of test items. Due to the COVID-19 pandemic,
the assessment format was adapted at T1 and T2. At T1, 24.6% of trainees completed the assessment
using the paper-and-pencil method, while 75.4% took a digital version of the same test using Software
CBA ItemBuilder (Rolke, 2012). By T2, the distribution had shifted, with 40.4% of trainees assessed
using the paper-and-pencil method and 59.6% using the digital format.
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5.2 Materials

The vocational competence assessment was adapted from well-established, competence-oriented, and
authentic assessments designed for industrial business management trainees (Klotz, 2015). It included
11 items targeting domain-linked competence and 13 items focused on domain-specific competence.
Set within the simulated company framework of Ceraforma Keramik AG (Figure Al in Appendix), the
assessment required trainees to solve various embedded business challenges. These tasks were
characterized by

1. Authenticity of Vocational Assessment: The items were designed to maximize authenticity by
simulating a real-world company that produces ceramic products like tableware and sinks. This
simulated company provided a realistic context, complete with materials such as product lists and emails,
which respondents used to solve the tasks. The goal was to reflect job-related skills in the industrial
sector, with all tasks presented in an open-ended format (Achtenhagen & Weber, 2003; Shavelson &
Seminara, 1968).

2. Varying Cognitive Demand: To address different cognitive levels, the items were developed
following the framework by Greeno, Riley, and Gelman (1984), which outlines three levels of cognitive
competence:

- Conceptual Competence: Involves understanding the principles within the domain and is related to
factual knowledge.

- Procedural Competence: Refers to knowledge in action, such as dealing with facts and structures.

- Interpretational Competence: Focuses on strategic decision-making, which integrates conceptual and
procedural knowledge. The assessment included six conceptual items, seven procedural items, and three
interpretative items to cover these cognitive levels.

3. Process Orientation: To ensure that assessment items reflected real-world vocational practices, we
analyzed the official vocational school curriculum and conducted a survey of the industrial sector. This
survey identified key content taught by training companies and informed a model of typical business
processes based on the St. Galler Management Model (Riiegg-Stiirm, 2004). The model focused on three
central processes: value chain, control, and management processes, which guided the item construction
to prioritize authenticity and relevance (Winther, 2010).

An example of an item assessing domain-linked competence involves responding to a business email
according to DIN standards, which requires the application of general business communication protocols
and formatting rules. Another domain-linked example requires calculating the percentage error rate in
the delivery of washbasins to customers, which necessitates an understanding of percentage calculations
and the application of general math skills in an economic context. On the other hand, a domain-specific
task asks trainees to calculate the net selling price for a corner bathtub from the perspective of Ceraforma
Keramik AG, using predefined values. To solve this, one must understand economic concepts related to
pricing, such as profit margins, material costs, manufacturing costs, and overheads. Additionally, the
task requires applying these concepts to the specific scenario, taking into account factors like pricing
changes over time and their effect on the net selling price. For further details on example items, see the
Appendix Item Examples.

To ensure a flexible and innovative assessment design, we utilized the Assessment Software CBA
ItemBuilder (Rélke, 2012), a tool developed in recent years for creating and delivering digital test items.
Participants in the digital group received an on-screen test that included identical text and graphics
describing problem scenarios, maintaining the same design as the paper-pencil version used in the
analog group. Figures 4 and 5 illustrate the comparison between the digital and analog versions of the
test task "Formulating Business Email According to DIN Standards." Input fields were provided for
typing text responses.

The test duration was set at 45 minutes for both groups. An embedded timer (visible at the top left in
Figure 4) controlled the test time, automatically ending the test when the time expired. Navigation
buttons (see top middle in Figure 4) allowed participants to move between pages, similar to flipping
through a printed test booklet. Before starting the digital assessment, participants received a brief,
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comprehensive video tutorial explaining the basic technical functions of the web-based test. The digital
test was designed so that participants could complete it without needing any specific computer skills.

Figure 6

Screenshot of the Digital Version of the Assessment
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Variante A 1. Herr Friebel teilt Innen mit, dass nicht genligend Waschbecken vorratig
Geschiftsprozess 1 sind und die Lieferzeit zehn Wochen ab Auftragseingang betragt. Der
[Ausgangssituation: Listenpreis {ohne MwsSt.) fir ein Waschbecken der Designreihe ,Swing"” ist

Fir Ihr Team geht eine neue Kundenanfrage ein. |hr Kollege, Herr
Friebel, leitet Ihnen die folgende E-Mail weiter. Sie ist am 10. Marz
um 10:17 Uhr eingegangen.

mit 749,00 EUR angegeben. Bei Begleichung des Betrages innerhalb von
14 Tagen wird der Bauhannes GmbH 2 % Skonto gewahrt.

L 'info@ceraforma.de’;
Betreff Waschbecken der Reihe "Swing”

Sehr geehrte Damen und Herren,

auf der Suche nach Herstellern von Keramikartikeln sind wir auf |hr
Unternehmen aufmerksam geworden.
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nach einem Lieferanten fur Sanitarkeramik. Insbesondere interessieren wir
uns fiir Ihr Waschbecken der Designreihe "Swing”.
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Lieferbedingungen zusenden kénnten.

Mit freundlichen Graf3en
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in dem Sie alle wesentlichen Punkte beriicksichtigen (Hinweis: ganze Satze).
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Marlene Wirst (2. Vorsitzende)
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Figure 7

Analog Version of the Assessment
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Geschaftsprozess 1

1. HerrFriebel teilt Ihnen mit, dass nicht genigend Waschbecken vorrétig sind und die Lieferzeit
zehn Wochen ab Auftragseingang betragt. Der Listenpreis (ohne MwSt.) fir ein Waschbecken
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Betreff: Waschbecken der Reihe “Swing”

Sehr geehrte Damen und Herren,
auf der Suche nach Herstellern von Keramikartikeln sind wir auf Ihr Unternehmen aufmerksam geworden.

Wir sind eine Baumarktkette mit Hauptsitz in Hannover und auf der Suche nach einem Lieferanten fir Sanitarkeramik.
Insbesondere interessieren wir uns fiir Ihr Waschbecken der Designreihe "Swing".

Wir wiirden uns freuen, wenn Sie uns zeitnah ein entsprechendes Angebot fiir 2.600 Stiick sowie lhren schnellstmogli-
chen Liefertermin sowie Ihre Lieferbedingungen zusenden kénnten.

Mit freundlichen GriiRen

Karl Schwienert
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5.3 Analytical Procedure
5.3.1 Testing Measurement Invariance with Multi-Group Confirmatory Factor Analysis (MGCFA)

Measurement invariance assesses whether a psychometric construct, such as domain-specific and domain-
linked competence in this study, holds the same meaning across different groups. It ensures that the scores
of measured variables (e.g., domain-specific and domain-linked competence scores) can be interpreted
consistently and accurately across subsamples categorized by contextual conditions (e.g., booklet versions
A and B, trainees from NRW and BW, digital format and analog format). In other words, it confirms that
any differences in assessed scores genuinely reflect differences in domain-specific and domain-linked
competence, rather than being artifacts of group membership or version assignment.

Measurement invariance testing proceeds through three sequential steps:

1. Configural Invariance: Fit the configural model to establish that the basic factor structure is consistent
across groups. This step verifies that the same number of factors and patterns of factor loadings apply across
all groups, providing a baseline model for further comparison.

2. Metric Invariance: Test for metric invariance by constraining factor loadings to equality across groups
and comparing model fit. This step ensures that the strength of the relationship between items and their
underlying factors is the same across groups, indicating that the construct is being measured in the same
way.

3. Scalar Invariance: Test for scalar invariance by further constraining item intercepts to equality across
groups and comparing model fit. This step checks whether the groups have the same starting point on the

latent variables, ensuring that observed differences in scores reflect true differences in the underlying
construct rather than systematic biases.

These analyses will be conducted using MGCFA in R, allowing for the precise evaluation of measurement
invariance across different conditions.

5.3.2 Modeling Latent Competences with Multidimensional Item Response Theory (MIRT)

Domain-specific and domain-linked competences are essential psychometric properties of vocational-
economic competence, conceptualized as latent variables within a Multidimensional Item Response Theory
(MIRT) model. To capture these competences, two types of MIRT models—between-item and within-item
multidimensionality—can be employed (Adams et al., 1997). In the between-item model, each assessment
item exclusively measures either domain-specific or domain-linked competence, loading onto a single
dimension and affecting the probability of a correct response based on that dimension alone. In contrast,
within-item models allow items to load onto multiple dimensions, meaning responses may rely on abilities
from several dimensions simultaneously (Hartig & Hohler, 2009). Given that the assessment items in this
research are designed to test either domain-specific or domain-linked competence, and considering the
empirical evidence of a correlation between these two competences, the data analysis employs a between-
item MIRT model with correlated factors to accurately reflect this relationship (Figure 6).
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Figure 8

Two-Dimensional Rasch Model with Between-Item Multidimensionality
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Note. Adapted from "Multidimensional IRT models for the assessment of competencies,” by J. Hartig,
and J. Hohler, 2009, Studies in Educational Evaluation, 35(2-3), 57-63. Also referenced in Ma,
B., Krétz, M., & Winther, E. (2024). Domain-Linked and Domain-Specific Competence: A
Validation Study of a Two-Dimensional Model of Economic Vocational Competence in Germany.
Vocations and Learning. https://doi.org/10.1007/s12186-024-09350-5

Using Multidimensional Item Response Theory (MIRT), the latent factor structure was modeled for a set
of binary variables representing test items. These items were dummy-coded to allow for the estimation of

multiple latent abilities within participants. The estimation process followed a two-stage approach
(McDonald, 1982; Ferrando & Lorenzo-Seva, 2016):

1. Stage 1: Estimation of Structural Item Parameters: Initially, the item parameters (e.g., difficulty,
discrimination) were estimated to capture the relationship between the items and the underlying latent traits.
The goodness of fit between the model and the observed data was then assessed to ensure the model
accurately represented the data.

2. Stage 2: Estimation of Individual Ability Parameters: Once the item parameters were established, they
were held constant, and these fixed estimates were used to calculate the ability parameters for each
participant across the multiple dimensions of interest.

6. Results

6.1 Analysis of Internal Structure
6.1.1 Testing for measurement invariance

In line with the Standards' expectation of invariance over occasions, we first checked cross-sectional
measurement invariance to determine whether invariance would be established across federal states (H1a)
and booklet versions (H1b), using the data from the first time point (TO). Next, we assessed whether
measurement invariance would hold across test formats (H1c¢), using data from the second time point (T1),
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during which the assessment transitioned from analog to digital due to the onset of the COVID-19 pandemic.
Subsequently, we examined longitudinal measurement invariance to determine whether invariance would
be established across time points (H4), utilizing data from all three collection periods (TO0, T1, and T2). For
each hypothesis concerning measurement invariance, we conducted a two-step sequential test: first, an
overall model fit test for configural, metric, and scalar models; and second, a model fit difference test to
compare the fit of the metric model to the configural model and the fit of the scalar model to the metric
model. This process ensured a rigorous evaluation of measurement invariance according to the established
guidelines (e.g., Chen, 2007).

e Cross-Sectional Measurement Invariance Across Federal States
- chi-square model fit test

We conducted a series of constrained Multiple Group Confirmatory Factor Analysis (MGCFA) models to
establish configural, metric, and scalar invariance across the samples from NRW and BW. The fit statistics
for these models are presented in Table 1.

Table 1

Goodness of Fit Measures for Factorial Invariance — NRW / BW

constrained parameters  y*/df RMSEA CFI SRMR

Configural Invariance factorial structure 1.175  0.028 0.968  0.066
Metric Invariance factor loadings 1.160  0.026 0.970  0.067
Scalar Invariance factor loadings, intercept ~ 1.315  0.037 0.938  0.071

Given the sensitivity of the chi-square statistic to sample size, we used the ratio of the chi-square statistic
to the respective degrees of freedom (y*df) as recommended by Wheaton et al. (1977), rather than relying
solely on the chi-square fit statistic. All four models yielded a ratio of y¥*/df <2, suggesting a strong fit
between the hypothesized model and the sample data (Cole, 1987). Additionally, the RMSEA and SRMR
values for the baseline model and each level of invariance were below their respective thresholds of 0.05
and 0.08, indicating an acceptable model fit. The CFI values for three models were also above the 0.90
threshold, further supporting the adequacy of the model. Overall, these fit statistics demonstrate a good fit
of the data to the models.

- model fit difference tests

We then compared the differences in model fit when measurement invariance constraints were applied.
Considering that the Ay? statistic is sensitive to sample size and can easily result in a statistically significant
Ay?, leading to the rejection of measurement invariance even when the difference in fits is minimal
(Brannick, 1995; Kelloway, 1995), it is recommended to focus on changes in goodness-of-fit indices that
are less sensitive to sample size, as suggested by Chen (2007) and Cheung & Rensvold (2002).

Following the commonly referenced thresholds for assessing measurement invariance across different
groups in structural equation modeling (SEM) as outlined by Cheung & Rensvold (2002) for sample sizes
larger than 300:

- When Testing Factor Loading Invariance (moving from the configural to metric invariance model),
a decrease of > 0.010 in CFI (ACFI > -0.010) combined with an increase > 0.015 in RMSEA
(ARMSEA > +0.015) or an increase > 0.030 in SRMR (ASRMR > +0.030) would indicate non-
invariance.

- When Testing Intercept Invariance (moving from the metric to scalar invariance model), a decrease
of > 0.010 in CFI (ACFI > -0.010) combined with an increase > 0.015 in RMSEA (ARMSEA >
+0.015) or an increase > 0.010 in SRMR (ASRMR > +0.010) would indicate non-invariance.

Configural and metric measurement invariances across federal states were successfully demonstrated.
However, when evaluating scalar invariance, despite good model-fit indices presented in Table 1, a ACFI
=-0.032 compared to the metric model indicated a lack of scalar invariance for the construct of vocational-
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economic competence. To address this, we released the intercept constraints on four items, which were
suspected to significantly impact model fit (those with p <.05).

The comparison of the goodness-of-fit indices between the adjusted scalar model (CFI=0.961, RMSEA =
0.029, SRMR = 0.069, ¥*/df=1.198) and the metric model showed an improvement in fit, with the ACFI
(0.009) no longer exceeding the 0.01 threshold. This indicated that partial scalar invariance was established
across the test formats for the construct of vocational-economic competence. The four influential items
were excluded from further analysis, and the reasons for their significant impact on model fit are discussed
in Section Interim Summary Regarding Measurement Invariance.

e Cross-Sectional Measurement invariance across booklets versions

- chi-square model fit test

Firstly, we sequently ran MGCFA testing for metric, scalar, and strict measurement invariance between
version A and version B. Results are summarized in Tale 2.

Table 2

Goodness of Fit Measures for Factorial Invariance — version A/ B

constrained parameters  y?/df RMSEA CFI SRMR
Configural Invariance  factorial structure 1.072  0.018 0.990 0.058
Metric Invariance factor loadings 1.091  0.020 0.987 0.063
Scalar Invariance factor loadings, intercept  1.117  0.023 0.982 0.065

The results show that the over-all fit indices from the configural, metric, and scalar models are aligned with
Hu and Bentler’s guidelines (1999) for good model fit.

- fit difference tests

According to Chen (2007), we interpret these results by comparing changes in the CFI, RMSEA, and SRMR
across different models to determine if the constraints (e.g., equal factor loadings or intercepts) lead to
significant worsening of model fit.

From configural invariance model to metric invariance model:

- ACFI: 0.990 - 0.987 = -0.003 (Change is within acceptable range, ACFI <-0.010)

- ARMSEA: 0.020 - 0.018 = +0.002 (Change is within acceptable range, ARMSEA < +0.015)

- ASRMR: 0.063 - 0.058 = +0.005 (Change is within acceptable range, ASRMR < +0.030)

- The changes in fit indices are within acceptable thresholds, indicating metric invariance (factor
loadings are equal across groups). There is no evidence of non-invariance.

From metric invariance model to scalar invariance model:

- ACFI: 0.987 - 0.982 = -0.005 (Change is within acceptable range, ACFI <-0.010)

- ARMSEA: 0.023 - 0.020 = +0.003 (Change is within acceptable range, ARMSEA <+0.015)

- ASRMR: 0.065 - 0.063 = +0.002 (Change is within acceptable range, ASRMR <+0.010)

- The changes in fit indices are within acceptable thresholds, indicating scalar invariance (both factor
loadings and intercepts are equal across groups). There is no evidence of non-invariance.

e Cross-Sectional Measurement invariance across assessment formats
- chi-square model fit test

Chi-square model fit tests were conducted to assess whether measurement invariance between analog and
digital formats was achieved. The model fit indices are presented in Table 3.
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Table 3

Goodness of Fit Measures for Factorial Invariance—Digital /Analog Format

constrained parameters /df RMSEA CF1 SRMR

Configural Invariance  factorial structure 1.489 0.046 0.937 0.069
Metric Invariance factor loadings 1.522 0.048 0.929 0.075
Scalar Invariance factor loadings, intercept 1.570 0.050 0.928 0.077

As indicated in the table, the fit indices for each model at every level are within acceptable thresholds,
suggesting that each model demonstrates an acceptable fit.

- model fit difference tests

Based on the criteria set out by Chen (2007), we interpreted the results presented in Table 3 to assess both
metric and scalar invariance based on model fit differences.

From Configural to Metric:

- ACFI: 0.937 - 0.929 = -0.008. The ACFI is less than -0.010, which suggests that the decrease in
CFI is within acceptable limits.

- ARMSEA: 0.048 - 0.046 = +0.002. The ARMSEA is +0.002, which is well below the +0.015
threshold, indicating minimal change.

- ASRMR: 0.075-0.069 = +0.006. The ASRMR is +0.006, which is also below the +0.030 threshold.

From Metric to Scalar:

- ACFI: 0.929 - 0.928 = -0.00. The ACFI is -0.001, which is within the -0.010 threshold, indicating
an acceptable decrease.

- ARMSEA: 0.050 - 0.048 = +0.002. The ARMSEA is +0.002, which is well within the +0.015
threshold.

- ASRMR: 0.077 - 0.075 =+0.002. The ASRMR is +0.002, below the +0.010 threshold.

The results indicate that both metric invariance and scalar invariance are supported based on the criteria
provided by Chen (2007). This means that the factor loadings and intercepts are consistent across groups,
ensuring robust and meaningful interpretations across the groups under study.

e Longitudinal Measurement invariance across time points
- chi-square model fit test

We conducted longitudinal invariance testing to ensure that the model remains consistent across all three
time points, which is crucial for accurately interpreting true changes in latent competence over time. We
progressively imposed equality constraints, beginning with a configural model with factorial structure,
followed by a metric model with equal factor loadings across groups, and finally a scalar model with equal
loadings and intercepts. The fit indices for these models are reported in Table 4.

Table 4

Goodness of Fit Measures for Factorial Longitudinal Invariance

constrained parameters w/df RMSEA CFI SRMR

Configural Invariance  factorial structure 1.478 0.032 0.967  0.055
Metric Invariance factor loadings 1.480 0.032 0.964 0.058
Scalar Invariance factor loadings, intercept 1.847 0.043 0.932  0.066

Model fit statistics at all three levels—configural, metric, and partial scalar invariance—are within the
acceptable range, indicating a robust overall fit across time points.
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- model fit difference tests

When constraining the factor loadings to be equal across time points (metric invariance), the model fit
remains largely unchanged. The minimal changes in the fit indices (ACFI = -0.003) indicate that the
assumption of equal factor loadings across time holds, suggesting that the strength of the relationship
between the observed variables and their underlying latent factors remains consistent over time. When
further constraints are applied to intercepts in addition to the factor loadings (partial scalar invariance),
there is a noticeable decline in the fit indices. The ACFI of -0.032 compared to the metric model indicates
a significant drop, suggesting that strict scalar invariance may not hold.

To address this, intercept constraints on two items were relaxed, resulting in a model with acceptable fit
(CFI=0.955, RMSEA=0.035, SRMR=0.062, ¥*/df=1.570, ACFI=-0.009). This adjustment demonstrates
partial invariance across all three time points, confirming that H4 is partially supported. Consequently,
comparisons of participants' vocational-economic competence scores over time can be reliably made based
on the latent variable, even without the two influential items.

e Interim summary regarding measurement invariance

According to the Standards, we tested for measurement invariance as a crucial aspect of validation evidence
based on the internal structure of the model. After excluding four items, partial scalar invariance was
established across federal states, booklet versions, and assessment formats. To establish longitudinal
measurement invariance across time points, we further excluded two additional items. This ensures that the
observed changes over time reflect true differences in the latent construct, rather than inconsistencies in
how the construct is measured across different groups or time points. Thus, Hla, H1b, Hlc and H4 were
confirmed under the condition of exclusion of items.

To ensure a rigorous process of establishing measurement invariance, we excluded six items that did not
exhibit equal intercepts across groups. While this may seem excessive, it's important to note that three of
these items were part of the same task, "formulating response business E-mail" according to DIN-Form.
This task was designed to assess domain-linked economic literacy by capturing sensitive information from
a business scenario, such as identifying the contact person from a partner firm, detailing product and
production specifications, and appropriately conveying this information in a response email. When viewed
in isolation, each item seems to assess a specific aspect of domain-linked competence. However, when
considered together, it becomes more appropriate to argue that the task as a whole is a domain-specific task.
This is because it addresses particular demands within a simulated typical business situation. Although it is
possible to code these items separately, we must not neglect that they originate from a holistic task. The
task itself embodies a coherent scenario where various professional requirements are interconnected,
making it challenging to assess the items independently without considering the broader context. Moreover,
tasks that involve multiple interrelated pieces of information, which must be systematically processed to
generate a solution, can often lead to cognitive overload, especially for beginners (Sweller, 1988). This
cognitive overload may contribute to the lack of measurement invariance, as it introduces variability that is
not directly related to the latent trait being measured but rather to the complexity of the task itself.
Consequently, only partial scalar invariance was achieved, highlighting the challenges of using complex,
multi-faceted tasks in measurement models. The complexity and holistic nature of the task can affect scalar
invariance by introducing additional variability that is not directly tied to the underlying construct being
measured, which affect the establishment of scalar invariance.

Another two items form part of a task in version B that involves a complex calculation process, requiring
participants to detail the steps for calculating the defect rate in sink production. Such tasks, which demand
careful and accurate calculations, often exert pressure on participants, particularly when these items appear
at the end of the test. Under time constraints, this pressure can lead to inconsistent responses across different
groups, potentially resulting in non-invariance of the item intercepts.

The other item requires explaining technical term to the customer, it may impact scalar invariance due to
its high difficulty level and the low percentage of participants who successfully answered it, with over 90%
unable to do so. When such a large proportion of participants fail an item, it can create variability in the
intercepts across groups. Scalar invariance assumes that the intercepts, or baseline levels of the latent
variable, are consistent across different groups. However, if an item is too difficult and not uniformly
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understood or answered, it can lead to inconsistencies in measuring the latent trait, such as vocational-
economic competence, across groups, thus violating scalar invariance.

6.1.2 Testing for Dimensionality
o Comparison of Unidimensional and Multidimensional Models

In this section, the fit of the multidimensional Rasch model was compared with that of a unidimensional
model, which was hypothesized to account for the construct of vocational-economic competence. The
change in the -2LL (log-likelihood) statistic between the models was tested using a chi-square distribution
to determine the significance of the improvement in model fit. Table 5 presents the fit statistics for the
unidimensional and two-dimensional models.

Table 5

The Comparison of Model Fit between Unidimensional Model and Two-dimensional Model

Model Deviance N of Parameter AIC BIC
unidimensional model 25175.89 19 25213.89 25313.18
multidimensional model 24792.74 21 24834.74 24944 48

Likelihood Ratio Chi-Squared x>= 383.1533, df=2, p<.001.

The multidimensional model shows a lower deviance compared to the unidimensional model, indicating a
better fit. Additionally, the Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC)
values are lower for the multidimensional model than for the unidimensional model, further suggesting that
the multidimensional model provides a superior fit to the data. The likelihood ratio chi-squared test also
supports the multidimensional model with a significant result (x> = 383.1533, df =2, p <.001). Thus, H2a
is confirmed.

e Evaluating Dimensional Correlation and Scale Consistency

In addition to demonstrating the superiority of the multidimensional model, which confirms that the
hypothesized two dimensions of the construct are indeed separable, the correlation between these two
dimensions and their internal consistency are also crucial for understanding the dimensionality of the
construct. Table 6 presents the correlation between the two dimensions of vocational competence (domain-
linked [DL] and domain-specific [DS]) across three time points (TO, T1, T2), along with the Expected A
Posteriori (EAP) reliability for each dimension.

Table 6

Correlation and Reliability for the Two-dimensional Model of Vocational Competence

Time Points correlation between dimensions EAP Reliability

DL DS
T0 0.08* 0.50 0.54
T1 0.23%** 0.57 0.67
T2 0.27%%%* 059 0.67

The correlation between the dimensions increases over time, starting from 0.082 at T0, rising to 0.232 at
T1, and reaching 0.265 at T2. This suggests that as time progresses, the relationship between the two
dimensions strengthens, indicating a potential convergence in the way these competence dimensions are
being developed Thus, H2b and H9 are confirmed.

EAP reliability is a measure used in IRT to assess the precision of latent trait estimates for each dimension
based on individuals’ responses to test items. It is similar to other forms of reliability but is particularly
relevant in the context of IRT models. For the domain-linked dimension, reliability increases from 0.495 at
TO to 0.589 at T2. Similarly, for the domain-specific dimension, reliability increases from 0.536 at TO to
0.669 at T2. This increasing reliability over time suggests a positive trend in the consistency and stability
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of the measurement instrument. Since EAP reliability is calculated based on the variance of EAP scores
and is influenced by the length of the test, we applied the Spearman-Brown formula to estimate the
reliability of the original test before item exclusion. After this correction, the EAP reliability for the domain-
linked dimension ranges from 0.64 at TO to 0.72 at T2, and for the domain-specific dimension, it ranges
from 0.56 at TO to 0.69 at T2. For a more detailed discussion on the reliability, please refer to the Discussion
section.

e Interim summary regarding dimensionality

To confirm the dimensionality of the model, we compared a unidimensional model with a two-dimensional
model, assessed the correlation between the two dimensions, and evaluated the reliabilities of each
dimension. While the superiority of the two-dimensional model and the positive correlation between
dimensions were consistent with our expectations, the reliabilities of items within both dimensions did not
meet our initial expectations. However, we consider the reliability—ranging from 0.56 (TO ds) to 0.72 (T2
dl) after Spearman-Brown correction—for the competence test to be lower than what is typically seen in
psychological assessments but still within an acceptable range. This conclusion is supported by benchmarks
from similar studies, including those by Terzer (2012), Wellnitz (2012), Woitkowski (2015), Rutsch (2016),
and Briiggemann & Nordmeier (2018), which provide context for understanding reliability standards in
competence tests.

Several factors contribute to these reliability outcomes. First, reliability is influenced by the similarity of
the test items to the construct being measured and the homogeneity of the items themselves. Psychological
assessments targeting specific traits generally achieve higher reliability. In contrast, our competence test,
which is based on curricula and designed to cover a broad range of relevant facets, may experience reduced
reliability due to content variation. Additionally, the diverse formats used in our test—such as open
questions, multiple-choice, calculation tasks, and reasoning tasks—introduce heterogeneity that can impact
reliability. Future research should explore how different response formats affect reliability.

The observed trend of increasing reliability over time suggests that the measures are capturing the constructs
more accurately. Additionally, both scales show a trend toward stabilization, with the domain-specific scale
stabilizing earlier at T1 and the domain-linked scale continuing to improve slightly until T2. This
stabilization implies that the tests are reaching a point where further improvements in reliability are minimal,
indicating a consistent measurement process. A possible explanation for these trends could be that
participants develop a more stable understanding of the measured competence as they progress through
their vocational training or education, resulting in more consistent responses.

e (Calculating Competence Development

In addition to measurement invariance, the cross-sectional two-dimensional structure and the correlation
between the two dimensions, the development of competence levels in both dimensions, and the change in
their relative relationship are also important sources of validity evidence concerning dimensionality. Table
7 presents the calculated competence scores in logits under the columns "Mean of Person Abilities" and the
variance for each dimension at three time points. The data reveal an increase in both domain-linked and
domain-specific competence over the three years of training. Notably, domain-specific competence
increased more rapidly, so despite starting at a lower level, it surpassed domain-linked competence by the
midpoint of the training.

Table 7

Mean and Variance of Vocational Competence

Mean of Person Abilities (logits) Variance

DL DS DL DS
TO -0.330 -0.833 1.955 1.245
T1 -0.086 0.078 2.080 1.524
T2 0.117 0.822 2.137 1.392
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A two-way ANOVA was conducted to examine the interaction effect of the dimension of competence and
time points on the level of competence. The results revealed that the overall model was significant, F(5,
2742) = 137.003, p < .001), with an adjusted R?> = .125. Analysis of the main effects showed that both the
dimension of competence, F(1, 2742) = 5.936, p = .015, np*= .002), and time points, F(2, 2742) = 147.225,
p <.001, np*= .097, had a statistically significant effect on the level of competence. This analysis indicates
that the level of assessed vocational competence depends on both the dimension being measured and the
time point at which it is assessed. A Bonferroni post hoc test was conducted to evaluate the pairwise
differences in competence scores across the three time points. The results indicated significant differences
between all time points. Specifically, competence scores significantly increased from TO to T1, with a mean
difference of 0.5775 (SE = 0.06132, p <.001), and from TO to T2, with a mean difference of 1.0506 (SE =
0.06132, p <.001).

Additionally, there was a statistically significant interaction between the dimension of competence and time
points, F(2, 2742) = 48.676, p < .001, np*= .034), indicating that the effect of time points on competence
levels varies depending on the dimension of competence being assessed. This interaction effect is illustrated
in Figure 9.
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Figure 9

Profile Chart for Time points with Separate Lines for the Levels of Domain-specific and Domain-linked
Competence in Comparison to Profile Chart for the Dimensions of Competence with Separate Lines for
Three Time Points
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The two diagrams depict the same relationship (time points, dimensions of vocational competence and
competence scores) but from different perspectives. The upper profile plot in Figure 7 illustrates that the
time points affect competence scores. This relationship is evident because both lines have a similar slope—
indicating that, in this case, competence scores increase with vocational training semester for both the
domain-linked and domain-specific dimensions. The lower profile plot in Figure 7 also shows a main effect
of the dimension of vocational competence: competence scores for the domain-linked dimension on the left
side of the plot are generally lower than the competence scores for the domain-specific dimension on the
right side. The interaction between time point and dimension of vocational competence on competence
scores is evident from the non-parallel curves. This demonstrates that the relative relationship between the
competence levels of the two dimensions of vocational competence depends on the time point at which
competence is assessed during the vocational training. Domain-linked competence levels are higher than
domain-specific competence during the early stage of training. However, in the middle and late stages of
training, the effect reverses, with domain-specific competence scores surpassing those of the domain-linked
dimension. The increase in competence scores from the beginning to the midpoint of training, as well as
from the midpoint to the late stage, appears to be more pronounced in domain-specific competence.

Thus, we confirmed that at the beginning of vocational training, trainees would possess significantly more
domain-linked competence than domain-specific competence (HS5), as training progresses, the increase in
domain-specific competence would be steeper than the increase in domain-linked competence (H6), the
steep increase of domain-specific competence would lead it to surpassing domain-linked competence (H7).
There would be a significant increase in the level of domain-specific competence over the course of the
three years of training (HS).

6.2 Analysis of the Relationship with External Variables

After testing the internal validity, the relationship between competence levels in both domain-linked and
domain-specific dimensions and various external variables was investigated to provide additional validity
evidence. These external variables include measures of vocational success that are theoretically related to
competence. The results are summarized in Table 8.

Table 8

Correlation between Vocational Competence and External Variables

Vocational Competence
T0 T1 T2
DL DS DL DS DL DS

Self-Evaluation of Overall 0.161**  0.215%*
Performance
TO Desired Final Grade 0.160**  0.203**
Average Grade of Last 0.109* 0.048
Attended School
Self-Evaluation of Overall 0.176**  0.307**
External T1 Performance
Variables Desired Final Grade 0.139%*  (0.2]19%*
Self-Evaluation of Overall 0.257** 0.299**
Performance
Desired Final Grade 0.271** 0.288**
T2 Current Average Grade in 0.147%* 0.367%**
Company Training
Current Average Grade in 0.313%*** 0.297***
Vocational School

Domain-specific competence as DS and domain-linked competence as DL for short
p <0.05; ** p <0.01; *** p <0.001

The significant correlations between vocational competence (DL and DS) and the external variables across
all time points provide robust evidence of external validity. Specifically: Desired Final Grade shows a stable
and significant relationship with both domain-linked and domain-specific dimensions, confirming H3a.
Self-Evaluation of Overall Performance consistently correlates with both competence dimensions,
especially for domain-specific competence, which is more directly observable and tangible to individuals
in their daily tasks, leading to more accurate self-assessments. Thus, H3b is confirmed. Only domain-linked
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competence correlates with the average grade from trainees' previous general school attendance, confirming
H3c. Additionally, both competences positively correlate with concurrent average grades in vocational
school and training companies, confirming H3d, H3e, H3g, and H3h. Domain-linked competence shows a
stronger correlation with vocational school grades compared to domain-specific competence, confirming
H3f, while domain-specific competence correlates more strongly with training company grades, confirming
H3i. While self-evaluation, desired final grade, and previous general school grade correlate with vocational
competence, they have weaker effects. Performance in vocational school and company training, closely
related to vocational competence, shows moderate effects, aligning with theoretical expectations.

Overall, these findings suggest that the measures of DL and DS competence are externally valid, meaning
they are meaningfully related to other important variables in expected ways, thus supporting the constructs'
validity in real-world vocational contexts.

7. Systematic Reflection on the Advanced Research Question

“When you have tried all the reasonable invalidation procedures you can think of, you will not, of
course, have a valid model (and you may not have a model at all). You will, however, have a good
understanding of the strengths and weaknesses of the model, and you will be able to meet criticisms
of omissions by being able to say why something was left out and what difference including it would
have made.” Quade (1980)

The primary research question for validation, which may be stated as "To what extent can the theoretically
hypothesized model be empirically validated?," gives rise to a reflective research question pertaining to
invalidation. The objective is to ascertain the extent to which the test instrument, data collection, data
analysis and interpretation can effectively reflect the theoretically constructed vocational competence. The
objective of this investigation is to identify instances where the model is no longer aligned with the real-
world data it is designed to represent. Such discrepancies may emerge in contexts that were not initially
considered or in instances that challenge the boundaries of the theoretical assumptions.

The validity and invalidity of the model are inextricably linked, with each informing and refining the other.
With regard to vocational competence, while the model may effectively predict certain outcomes within a
defined scope, its validity is contingent on ongoing testing and refinement through the process of
invalidation. Invalidation enables us to define the model's limits by highlighting where it does not function
as expected. It is in these areas that the model's deficiencies are revealed, necessitating modifications or
refinements.

7.1 Complementary and Iterative Nature of Validation and Invalidation Procedures

In light of the impossibility of absolute model validation, our research question is expanded to encompass
Quade's (1980) assertion: "The aim of validation (or rather invalidation) attempts is to increase the degree
of confidence that the events inferred from the model will, in fact, occur under the conditions assumed. [...]
You will, however, have a good understanding of the strengths and weaknesses of the model, and you will
be able to meet criticisms of omissions by being able to say why something was left out and what difference
including it would have made." In light of this perspective, the analysis of invalidation becomes an
indispensable component of research into validation. Accordingly, the research question of this doctoral
thesis is expanded to include: To what extent is the model invalid? This question addresses the extent to
which the model is capable of fulfilling its intended function. The process of invalidation entails a
systematic reflection on the model's underlying assumptions, applications, and limitations, with the aim of
identifying potential areas of failure or shortcomings. The objective of invalidation is not to disprove the
model in its entirety; rather, it is to gain insight into its strengths and weaknesses, as well as the specific
conditions under which it may not be applicable.

The validation process typically commences with the formulation of a well-defined theoretical model that
is founded upon established principles. The objective is to utilise empirical methodologies to ascertain
whether the theoretical constructs and relationships delineated in the model are indeed reflected in empirical
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data. The objective of this process is to confirm the presence of the elements of the theoretical model and
their observation in the empirical data. In essence, the objective is to demonstrate that the outcomes
observed align with the predictions or descriptions set forth in the theory. In contrast, the invalidation
process involves a return to the theory from the empirical observations. In this phase, the objective is to
ascertain whether elements that are deemed superfluous according to the theoretical model are absent in the
empirical data. This process enables the identification of instances where the theoretical model is unable to
explain or predict empirical results, thereby highlighting the areas and reasons for its failure to function as
anticipated. This process ensures that the boundaries of the model are correctly delineated and that it does
not inadvertently include or exclude components that do not belong within its purview. Invalidation serves
as a means of evaluating the theory by seeking empirical evidence that may contradict the theoretical
boundaries, thereby enabling the refinement or even rejection of parts of the model that are not aligned with
the data. Validation and invalidation are two complementary processes. Validation serves to confirm the
efficacy of the theory within the defined scope, whereas invalidation challenges the theory by testing the
limits and exclusions thereof. Both processes are frequently iterative. A model may be validated in some
contexts but invalidated in others, resulting in a cyclical process of refinement whereby the theory is
adjusted based on empirical evidence.

Validation serves to confirm the presence of theoretical constructs within empirical data, whereas
invalidation is concerned with establishing the absence or failure of these constructs to align with empirical
observations. Invalidation can occur in two principal scenarios.

The initial scenario pertains to instances wherein the theoretical framework proves inadequate in
elucidating specific observations. This occurs when the observations do not align with the predictions or
explanations posited by the theoretical model. In the event of such discrepancies, it is imperative that they
are meticulously identified and addressed. To address these shortcomings, the theory may require
refinement, such as the addition of specifications or conditional constraints to more accurately account for
variables, contexts, or conditions that were previously overlooked. To illustrate, the present study has
yielded a series of hypotheses pertaining to the model, including its internal structure. In order to invalidate
the model, it can be tested across a variety of training environments. Should certain hypotheses prove
unsubstantiated in the context of varying conditions, it may be necessary to refine the theory in order to
account for factors such as the specific characteristics of the training environments, which may result in the
model behaving in a manner that differs from that predicted. Similarly, it is assumed that the model used in
this research accurately represents the vocational competence of trainees during their initial vocational
training. Should observations indicate otherwise, it may be necessary to make adjustments to the model in
order to account for these situations.

The second scenario pertains to the theory's exclusion of certain situations or its limitation of
generalizability. In this instance, the theoretical model may be designed in such a way as to exclude specific
situations or limit its applicability to certain contexts. The objective of invalidation in this context is to
guarantee that these exclusions or limitations are empirically justified and that the boundaries defined by
the theory are respected. To illustrate, if the model excludes general competencies, such as teamwork, the
empirical approach should be designed in accordance with the theory's de facto exclusion. This would
confirm that the theory’s limitations are accurate and that the model functions as intended within its
specified boundaries.

7.2 Aligning Theoretical and Empirical Boundaries: Assessment Triangle

To systematically address these questions about the alignment between theoretically defined and
empirically manifested boundaries, we consider the model, the measurement (data collection), and the
statistical analysis/interpretation as a single, cohesive unit—referred to as the "Assessment." Drawing on
the "Assessment Triangle" concept from the NRC report Knowing What Students Know (NRC, 2001), we
recognize three key components of this assessment: the cognition, the observations, and the interpretation
of those observations (see Figure 9). The starting point, Cognition, is grounded in assumptions about real-
world objectives, reflecting the knowledge, skills, and abilities that learners possess or are expected to
develop. However, we acknowledge that we cannot directly observe what students know or do not know;
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rather, we engage in an indirect reasoning process. This process involves developing a cognitive model that
represents the knowledge learners are expected to master, gathering observations of students' statements
and behaviors, and interpreting these observations through statistical analyses to determine how well they
align with the underlying model.

Figure 10

Assessment Triangle

Observation Interpretation
(assessmenttools and the process of data collection) (dataanalysis and results interpretation)

\\//
Cognition
(model as the representation of real-world objectives )

Note. Adapted from Knowing What Students Know, by National Research Council (NRC), 2001.

As Quade (1980) notes, validation efforts aim to increase confidence that the observed events within the
model will indeed occur under the assumed conditions. This statement aligns with the three elements of the
assessment triangle: First, the model should operate under specific, assumed conditions, as there is no
universally applicable model. These conditions define the boundaries within which the model is valid,
ensuring that the model is not extended beyond its intended scope. Second, the events observed through the
assessment tools must accurately reflect the model’s boundaries. These tools should ensure that factors
outside the model’s defined scope do not influence the results (i.e., no irrelevant inclusions) and that
relevant factors within the model’s scope are not omitted. Third, the observed events are quantified,
analyzed, and interpreted. This process translates raw data into meaningful insights that align with the
model and its assumptions, thereby validating the model’s accuracy. This relationship between the model,
conditions, assessment tools, and validity aligns with Winther's (2011) perspective that competence models
emphasize functionally and contextually specific operationalization and measurement. These models do
not aim for general applicability but seek validity within similar tasks or contexts. Consequently,
invalidation-oriented reflection directly addresses whether the empirical findings fully align with the
theoretical boundaries. While empirical methods can confirm the presence of characteristics (inclusions),
they are limited in confirming what is excluded (absence). Since empirical data shows what exists but not
what is absent, even if all included elements are validated, it remains unclear whether excluded elements—
those outside the theoretical boundaries—are properly excluded. To address this limitation, we conducted
a systematic reflection, following the Assessment Triangle framework, to verify that both inclusions and
exclusions are adequately accounted for in aligning the theoretical model with the empirical findings.

7.2.1 Cognition in the Assessment Triangle: Defining Theoretical Boundaries of Vocational Competence
Model

The theoretical boundaries of our model are rooted in a clear understanding of the objectives to be pursued

with the assessment, which directly relates to the first element of the Assessment Triangle: cognition, or

what is to be measured. The model of cognition reflects the knowledge a learner is expected to master (NRC,
2001). In our context, this refers specifically to the model of vocational competence. As discussed in Section

2.2, there is an inherent tension between precision and reduction in specifying competence for assessment.

This means that in our operational definition and model of vocational competence, certain aspects are

deliberately included and targeted, while others are necessarily excluded. These inclusions and exclusions

define the theoretical boundaries of the model.
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In Section 2.1, we focused on key terms such as "cognitive disposition" and "situations" from the working
definition of competence provided by Klieme & Leuner (2006). This focus allowed us to establish several
important boundaries for our model of vocational competence. First, we drew a distinction between
cognitive and non-cognitive factors, leading to the exclusion of motivational factors from our model.
Second, we clarified the boundary between cognitive disposition and performance, emphasizing that
competence is understood as the underlying integrated deep structure that enables successful task
performance, rather than the performance itself. Lastly, we differentiated between specialized vocational
competence and general competencies, which led to the intentional exclusion of transversal competences
such as digital literacy. These boundaries are crucial for maintaining the integrity and specificity of our
model, ensuring it accurately reflects the intended construct without unnecessary broadening.

Given these theoretically defined boundaries, the next critical question arises: Does the empirical
implementation of the model align with these theoretical boundaries? In other words, does the empirical
process make the construct narrower or broader than originally intended? This question shifts our focus to
the second element of the Assessment Triangle: Observation. Observation involves the methods and tools
used to collect data on the construct. Specifically, in the presented research, this includes the tests
constructed of various items and delivered through different media to measure vocational competence.

7.2.2 Observation in the Assessment Triangle: Media Used in the Assessment

In this assessment, we utilized a classical paper-pencil test supplemented by a 1:1 digital version to evaluate
vocational competence. The validity of such item-based paper-and-pencil tests, and their digital
counterparts, has been a subject of debate, particularly concerning their ability to measure higher-order
thinking skills related to sophisticated cognition, such as problem-solving, some argue that paper-pencil
tests fail to authentically represent students' cognition, thereby questioning their validity (Clarke-Midura &
Dede, 2010). To support this perspective, critics often cite studies that compare computer-simulated
performance assessments to traditional paper-based methods. These studies found that student
performances varied across testing occasions and that paper-pencil methods were not directly
interchangeable with computer-simulated assessments (Shavelson, Baxter, & Pine, 1991; Pine, Baxter, &
Shavelson, 1993; Baxter & Shavelson, 1994; Baxter, 1995; Rosenquist, Shavelson, & Ruiz-Primo, 2000).

However, in my opinion, these findings do not conclusively demonstrate that paper-pencil methods are
inherently incapable of validly measuring sophisticated intellectual and psychosocial performances. Rather,
they confirm the non-equivalence between paper-pencil methods and computer-simulated assessments.
Various factors, such as differing cognitive loads, may account for the limited interchangeability between
these methods. Therefore, it would be unreasonable to dismiss paper-pencil tests entirely based on these
studies; On the contrary, these findings underscore the irreplaceable value of paper-pencil tests in
psychometric assessment for capturing certain constructs that innovative assessment technologies may not
effectively measure. While it is true that technological advancements have introduced new and innovative
assessment methods, these approaches often involve complex environments that can introduce a variety of
uncontrollable factors. For instance, studies have shown that innovative assessment technologies, such as
computer-based simulations or virtual environments, can be influenced by external variables like a learner's
familiarity with digital tools or their attitude towards technology.

To support the thesis that classical paper-pencil tests are not inherently incapable of validly measuring
vocational competence and do not constrain the theoretical construct of vocational competence, we can
refer to several studies and draw on several key arguments.

Motivation: Firstly, empirical findings on motivation in digital assessment environments show
inconsistency. Research by Li et al. (2021) found that digital platforms can boost student motivation and
engagement due to their interactive nature, but this increased motivation may skew results, inadvertently
measuring motivation rather than cognitive abilities. On the other hand, studies by Finn & Frone (2004)
revealed that digital assessments can heighten anxiety in some students, negatively impacting their
performance. In contrast, paper-pencil tests offer a more uniform testing environment, reducing the
influence of these varying motivational factors and providing a more consistent measure of vocational
competence.

Cognitive load: Secondly, Sweller et al. (2019) examined cognitive load in different testing formats and
found that digital assessments, especially those involving simulations or interactive components, often
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impose a higher cognitive load on test-takers. This added cognitive load can affect performance, particularly
in tasks requiring problem-solving or higher-order thinking. In contrast, paper-pencil tests typically have a
lower cognitive load, allowing students to focus more directly on demonstrating their vocational
competence without the additional mental burden imposed by the digital interface.

Digital literacy: Thirdly, research by Hargittai (2010) demonstrated that digital literacy significantly varies
across different populations, affecting their ability to navigate and succeed in technology-based assessments.
This variability can introduce noise into the measurement of vocational competence, potentially
confounding the results with factors unrelated to the construct being assessed. Similarly, a study by Ertl et
al. (2020) investigated the impact of digital literacy on performance in digital versus paper-based
assessments. The study found that students with higher digital literacy performed better on digital
assessments compared to their less digitally literate peers, but this difference was not observed in paper-
based tests. This suggests that digital assessments may inadvertently measure digital literacy alongside the
intended constructs, thereby conflating the two and complicating the interpretation of the results. In contrast,
paper-pencil tests are less reliant on external technology and provide a more neutral and stable environment,
reducing the risk of digital literacy influencing the outcome.

Despite the rapid digitalization, the impact of digital literacy remains an unavoidable issue in education.
The ICILS 2013 study revealed significant disparities in digital media proficiency among German students,
with young people from socioeconomically disadvantaged backgrounds being particularly affected
(Eickelmann et al., 2014). A related challenge is the heterogeneity of digitalization within school systems.
According to the International Computer and Information Literacy Study (ICILS), in 2013, Germany had
a student-to-computer ratio of 11.5 to 1 and ranked last in computer use among 21 educational systems
(Eickelmann et al., 2014). The 2018 follow-up study further highlighted the urgent need to improve digital
infrastructure in German schools (Eickelmann et al., 2019). In vocational education and training (VET), it
is evident that many learning environments still lack sufficient technical infrastructure, including digital
devices, high-speed Wi-F1i, and adequate technical support (Schmid et al., 2016; UNESCO-UNEVOC, 2020;
OECD, 2023). Studies by UNESCO-UNEVOC (2022) and IFC (2022) found that while the potential for
digitization in vocational education is recognized, a significant portion of that potential remains untapped
due to these challenges. This underscores the gap between the potential of technology in education and the
current state of technical readiness, particularly in vocational settings. In contrast, paper-pencil tests offer
consistency across diverse demographic groups, regardless of their access to and familiarity with digital
technologies. This consistency is crucial for maintaining fairness in assessments and ensuring that the
results reflect vocational competence rather than technological access or proficiency.

Thus, paper-pencil assessments or their automated versions align well with the theoretical boundaries of
the construct, as defined in Section 2.1. Specifically:

- Exclusion of Motivation Differences Caused by the Testing Environment: The working definition
of competence intentionally excludes motivational aspects, emphasizing the need to carefully
control for the impact of the testing environment on motivation in empirical research designs.

- Exclusion of Transversal Competence Involved in the Testing Environment: A deliberate boundary
is drawn between general and vocational competencies (Winther et al., 2013), requiring the
exclusion of transversal competencies, such as digital literacy, from our competence model to
maintain a clear focus on vocationally specialized competence.

Taking these factors into account, it is evident that classical paper-pencil tests are not only capable of validly
measuring vocational competence but are also essential for maintaining the integrity of the vocational
competence model within its theoretically defined boundaries. These tests provide a robust and consistent
assessment environment that is crucial for preserving the construct's validity. While it is true that automated
versions of paper-pencil tests may not fully utilize the capabilities of information and communication
technologies to offer richer observations, especially in assessing complex problem-solving (Clarke-Midura
& Dede, 2010), the key question remains: Is this "full power" of media necessary to validate our operational
(and inherently reductive) model of competence? In fact, avoiding the confounding factors introduced by
more complex, technology-based assessments is often more critical in preserving the theoretical integrity
of the construct.
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e Focus on the Boundary Between Vocational Competence and General Competence

An important issue that requires further discussion is the distinction between vocational competence and
general competence. While we have attempted to clearly delineate these two areas in our definition, this
separation is often artificial and blurred in practice. For instance, in commercial training, apprentices
increasingly use IT technologies, leading to a parallel development of digital literacy alongside vocational
competence when addressing job-specific challenges. Experimental methods, such as using traditional
paper-pencil tests, could be employed to try to exclude these general skills and focus solely on measuring
vocational competence. However, a critical question arises: Does assessing vocational competence, which
is often learned and practiced using digital tools or in collaborative settings, become distorted when
evaluated using traditional, individual paper-pencil methods? Given that vocational competence in the
modern context is closely intertwined with general competencies like digital literacy and collaborative skills,
we risk losing the authenticity of the vocational competence we aim to assess if we attempt to separate these
elements from the overall construct. This challenges the validity of our assessments and prompts us to
reconsider whether a strict separation of these competencies truly reflects the integrated nature of the skills
required in today’s professional world. This consideration becomes particularly crucial against the
background of 'digitization of work' or 'Industry 4.0." As technical progress drives changes in work and
production processes across all industries (Hirsch-Kreinsen, 2017; Hasenbeck, 2019), the nature of
vocational competence is also evolving. For example, in commercial processing, the use of standardized
company software like Enterprise Resource Planning (ERP) systems such as SAP has become integral to
professional technical skills (Winther et al., 2013). These complex, digital competencies are difficult to
capture accurately with traditional paper-pencil tests, which are limited in their ability to simulate real-
world digital environments and the practical application of such software. Consequently, paper-pencil tests
may fail to fully assess the technical and digital competencies essential for today's and future workplaces,
where proficiency in using advanced digital tools is becoming increasingly critical. (We will revisit this
point in Section 8)

The choice between the reliability and simplicity of traditional assessment methods, which ensure
definitional precision, and the use of more sophisticated tools that better reflect the technical realities of
contemporary vocational practices presents a significant dilemma. This dilemma embodies the scientific
attitude in measuring competence, highlighting the tension between maintaining operational simplicity and
ensuring authentic representation of the knowledge and skills learners are expected to master in real-world
contexts. As discussed in Section 5.2, we introduced the authenticity of the content of tasks used in our
assessments, emphasizing how well they reflect real-world demands based on a simulated company. Here,
we extend this discussion to consider how the media used for observation affects authenticity. While both
the content of the tasks and the media used are crucial aspects determining whether the observation truly
measures competence as it is applied in the real world, other factors such as the context in which tasks are
performed, the complexity and relevance of the tasks, and the social dynamics involved in completing them
also play a vital role. These factors collectively influence the degree to which an assessment can be
considered authentic. The following table illustrates various dimensions of authenticity, providing a
comprehensive framework to evaluate the effectiveness of different assessment methods in capturing real-
world competence.

Table 9

Dimensions of Authenticity

Dimension: Task (Gulikers et al., 2004)

Criteria

Motivation Relevance to real-world situations; valuable transferable skills.
Tasks should link closely to real-world scenarios to ensure that skills
assessed are applicable beyond the test environment (Sambell,
McDowell, & Brown, 1997).

Purpose The purpose of the task should be clear and is a solution to a real-
world problem (Svérd et al., 2016).
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Varied Complexity Problems that involve multidisciplinarity, ill-structuredness, and
having multiple possible solutions (Herrington & Herrington, 1998a;
Herrington & Herrington, 1998b; Kirschner,2002; Wiggins, 1993).
Problems, which are simple, well-structured with one correct answer,
and requiring only one discipline (Cronin, 1993).

Dimension: Physical context (Gulikers et al., 2004)

Criteria
Fidelity (Gulikers et al., Access to the number and kinds of tools e.g., calculators, tables,
2004) standards (Segers, Dochy, & De Corte, 1999)
Varied time constraints Tasks, which can be completed over a longer period (Gulikers et al.,
(Wiggins, 1989) 2004; Svérd et al., 2016).
Tasks, which require fast and immediate reaction (Gulikers et al.,
2004).
Dimension: Social context (Gulikers et al., 2004)
Situations which require Access to support (e.g., search for information over the internet.
Collaboration (Gulikers et  contact experts at companies) (Svird et al., 2016)
al., 2004).

Multiple sources of information (Different perspectives of topics;
Varied forms of media) (Svérd et al., 2016)
Working together to solve problems (The task is solved in groups,
Documentation is shared within the group, the outcome is the result of
an interactive process.) (Svird et al., 2016)
Individual accountability (Gulikers et al., 2004).

Situations, which should competition between learners (Gulikers et al., 2004).

be handled individually

(Gulikers et al., 2004).

Flexibility Changes can happen and ideas can be explored at length in the context
of real situations (no pre-determined sequence that it should be solved
in) (Svérd et al., 2016).

The primary goal of competence research is to ensure that the competence being measured is accurately
represented by a model that closely mirrors the real-world contexts in which these competencies are applied.
This framework asserts that the authenticity of an assessment should mirror the real-world context it seeks
to represent. For instance, if a real situation requires collaboration, the assessment should also involve
collaboration; conversely, if the task is typically handled individually, the assessment should be designed
accordingly. Importantly, authentic problems in assessments don't always have to be complex,
multidisciplinary, or ill-structured with multiple possible solutions, as suggested by some scholars (Wiggins,
1993; Herrington & Herrington, 1998a; Herrington & Herrington, 1998b; Kirschner, 2002). Real-life
problems can also be simple, well-structured, with a single correct answer and requiring only one discipline
(Cronin, 1993). Paper-pencil tests, therefore, still play a crucial role in assessing real-world situations. The
diversity of the real world means that various assessment methods, including traditional ones, can validly
represent different aspects of reality. The breadth or specificity of an assessment should align with the
fundamental question posed at the outset: what is the objective of the assessment? The first step is to clearly
define a theoretical model that accurately represents the aspect of the real world under investigation. The
second step is to design an observation or assessment method that is aligned with this model, ensuring it
captures the intended competencies or skills accurately.

e Focus on the Boundary between Cognitive and Motivational Factors

In this study, we made efforts to minimize and control the influence of motivational factors as much as
possible. To achieve this, we assigned test-takers to different groups (e.g., varying task orders in test
booklets, paper-pencil versus on-screen test conditions) and tested for measurement invariance across these
groups. This approach allowed us to confirm that the competence measures were not significantly affected
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by motivational factors specifically related to the test mode (e.g., digital vs. paper-pencil) or task order,
ensuring the robustness of our cognitive-focused assessment. However, while this method helps rule out
motivation differences caused by the testing environment, it does not account for individual variations in
motivation that exist independently of the test format. For instance, some students may remain more or less
motivated regardless of whether the test is digital or paper-based.

A closely related question arises as to whether anyone can enter a testing environment completely devoid
of motivational arousal, even if the environment is designed to avoid triggering it. Even if a test environment
existed that perfectly measured cognitive competence, it would not fully reflect how competence manifests
in real-world situations, where motivation plays a crucial role. While controlling for motivation might
enhance test precision, it risks oversimplifying the complexity of competence application in practice. By
excluding motivation from competence assessments, we may streamline the measurement process but miss
critical insights into how competence operates in real-life contexts. Thus, despite our efforts to precisely
exclude motivational factors from the competence model and design a carefully controlled test environment,
the issue of how motivational and cognitive factors interact in competence assessment remain unresolved.

Critiques of mixing motivational and cognitive factors in competence models, such as those from Ladenthin
(2011) and Roeger (2016), center on the motivational problem in competence measurement. Specifically,
these critiques raise the question of how to differentiate between a lack of competence and a lack of
motivation when a person fails to complete a task. They do not, however, debate whether motivational
factors should be included in the competence model itself. In contrast, Erpenbeck and Rosenstiel (2003)
introduce a distinct class of competencies focused on "Aktivitits- und umsetzungsorientierte Kompetenzen
(action-oriented and implementation-oriented competencies)" (p. XV f). This category highlights the
individual's capacity to integrate emotions, motivation, skills, and experiences into self-directed actions
that are aligned with their goals and plans. The emphasis here is on translating potential into actual
performance and acting with autonomy and responsibility. Vocational education aims to cultivate not only
skills but also the motivation to apply those skills in real-life work situations. However, whether a person
can combine readiness and ability into action can only be truly verified in practical scenarios, underlining
that competence must be demonstrated, not just theoretically understood.

This brings us to the complex challenge of separately capturing cognitive and motivational aspects during
"observation." We propose a multidimensional measurement approach to address this issue:

- Motivation as a Latent Variable: Similar to competence, motivational dispositions can be modeled as
latent variables. These variables could be integrated into statistical models like the IRT, allowing for a more
nuanced assessment of test-takers' performance by explicitly factoring in motivation as an influencing
variable.

However, the challenge lies in capturing motivational factors effectively. A common approach is to use
short self-report scales where test-takers indicate their willingness to perform during the test. Yet, this
method has several drawbacks. First, it burdens test-takers with additional time and survey items. Second,
it cannot capture real-time fluctuations in motivation during each problem-solving step. Finally, it
introduces subjective bias. To address these issues, we suggest:

- Process Data Analysis: In digital tests, process data (e.g., number of clicks, task-switching behaviors,
returning to challenging questions) can be analyzed to infer engagement and motivation. High interactivity

may indicate strong motivation, while quickly skipping tasks could suggest low motivation.

This multidimensional approach could offer deeper insights into how cognitive competence and motivation
interact in real-time, moving beyond traditional self-reported measures of motivation.

7.2.3 Interpretation in the Assessment Triangle: Data Analysis and Interpretation
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After analyzing the aspects of cognition and observation within the Assessment Triangle, we now turn to
the third crucial element: interpretation. Interpretation refers to how we read and understand the data
collected from observations, specifically in the context of assessing vocational competence.

The model underlying our study adopts a cognitive perspective on vocational competence, which views
competence as a cognitive function. This perspective suggests that vocational competence is the potential
to act appropriately in specific professional situations with varying demands. Such competence is not
directly observable but can be inferred from performance across a variety of sufficiently similar situations
(cf. Winther & Achtenhagen, 2009; Winther, 2010). This concept of competence merges the strengths of
behaviorist and cognitive approaches. It avoids the reductionist view that competence is merely observable
performance in a specific situation, while also steering clear of the overly broad view that general abilities
embedded in deep cognitive structures are uniformly applicable. Instead, competence is defined as
cognitive potential, establishing a theoretical distinction between vocational competence and generic
competence. The critical question that arises is: which method of data analysis can effectively reveal this
potential?

To address this question, we employed Item Response Theory (IRT) as our method of data analysis. IRT is
particularly suited to this context because it allows us to model the relationship between an individual's
latent trait (in this case, vocational competence) and their observed performance on assessment tasks. IRT
provides a probabilistic framework, predicting the likelihood that an individual will select the best response
category based on their level of the underlying trait and the specific characteristics of the test items. In the
context of measurement of vocational competence, IRT helps us to move beyond a simple aggregation of
correct responses. It allows us to assess the degree to which each item reflects the underlying cognitive
potential we aim to measure. By accounting for both the difficulty of tasks and the abilities of the test-
takers, IRT provides a more nuanced interpretation of competence. This is crucial because vocational
competence, as conceptualized in this study, is not just about performing well on isolated tasks, but about
demonstrating consistent and appropriate responses across a variety of professional situations. IRT also
supports the cognitive conception of competence by offering a way to infer unobservable traits from
observable behaviors. The method recognizes that competence involves a range of abilities that can
manifest differently depending on the context, which aligns with the idea that vocational competence is not
directly observable but must be inferred from performance across multiple tasks. The probabilistic nature
of IRT means that it accommodates the variability in task performance, acknowledging that no single item
can fully capture the breadth of vocational competence.

When interpreting the results derived from IRT analysis, it is crucial to avoid over-interpretation. The
outcomes of competence measurement, as derived from IRT, are probabilistic and context-dependent; they
do not imply causality. This limitation is significant both at the individual and institutional levels. Causality
can only be inferred when results are combined with contextual information and carefully designed research
frameworks such as temporal precedence, and the direction of effects.

Moreover, IRT-based interpretations must consider that competence is not easily transferable across
different situations. This has been a consistent finding in studies on learning transfer (Mandl, 1993; Weinert,
1998). For example, in vocational education, it is important to distinguish between assessments tied to
specific workplace contexts and those aimed at measuring broader institutional learning outcomes. Does
the assessment include specific workplace-required skills, or does it focus more on vocational aspects? IRT
enables us to make these distinctions more clearly, by allowing us to see how competence manifests
differently depending on task characteristics and context. By using IRT, we can see how apprentices
perform across a range of tasks that vary in difficulty and context. If we notice that apprentices who do well
in domain-linked tasks struggle with domain-specific ones (or vice versa), IRT helps us understand this
variation in competence. This insight is crucial for tailoring training programs to address specific
weaknesses and ensuring that competence is consistent across different work situations.

Finally, it is essential to recognize that different stages of professional development in commercial
apprentices and employees are associated with different theory-based competence (structure) models. These
models are linked from a developmental perspective within vocational careers. However, the present model
specifically addresses competence development at the beginning of and during vocational training.
Professional competence within employment in commercial fields is modeled differently (Winther, 2010).
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This distinction reflects the model’s fourth property: the assessment in this study is primarily designed to
measure the competence of apprentices currently engaged in vocational education.

By employing IRT within this framework, we can ensure that the data analysis and results interpretation
are closely aligned with the theoretical construct of vocational competence by:

1. Accurately capturing the cognitive potential that is the focus of assessment.

2. Avoiding overreach by not implying causal relationships where only associations exist, and respecting
the limits of what the data can reveal.

3. Providing deeper insights into how competence manifests across various demand situations.

4. Concentrating specifically on the vocational education and training (VET) stage without
overgeneralizing the findings to the entire professional career.

8. Navigating Challenges in Integrated Assessments of Vocational Competence

“there is nothing as imprecise as precision.” (Norris, 1991)

The research presented here employed a structured, multi-step process to validate the two-dimensional
vocational competence model. The process of validating the model comprises three stages: the initial
theoretical construction, subsequent empirical validation, and finally, reflective invalidation. Firstly, the
boundaries of the construct were defined with great care, thus establishing a theoretical baseline for
subsequent validation procedures. Subsequently, we investigated whether the characteristics of the model
could be empirically substantiated. These characteristics are consistent with the boundaries defined by the
theoretical framework. Nevertheless, even if all the included elements could be empirically confirmed, it
remains unclear whether the exclusions, that is, the elements outside the theoretical boundaries, are also
properly excluded in the empirical validation. This leads to the question of whether the empirical findings
are entirely consistent with the boundaries defined by the theoretical framework. To confirm both
inclusion and exclusion, we proceeded to the third step, which is the invalidation of the model. The aim of
this step is to ensure that the excluded elements are truly left out. The presence of the model's
characteristics can be empirically examined, as the study and data collection were designed with these
characteristics in mind. However, while empirical methods assist in validating the inclusion of
characteristics (by observing what is present), they are constrained in confirming exclusions (absence),
given that empirical data demonstrates what exists, not what does not. Accordingly, a systematic
reflection was conducted in accordance with the Assessment Triangle framework to verify this alignment.

In conclusion, the validation process followed a clear progression. In the first step, three theoretical
boundaries were defined to outline the construct of vocational competence. In the second step, after the
exclusion of six items, all hypotheses concerning the model's validation were confirmed. In the third step,
a critical reflection was undertaken to ascertain whether the empirical observations and interpretations
aligned with the theoretically defined boundaries.

The preliminary findings indicate that the instrument used to collect data and the analysis method
employed are valid for measuring the development of vocational competence in relation to its
theoretically defined characteristics. However, there is a minor issue regarding the extent to which the
observational method used in the research can maintain the integrity of the vocational competence model
within its theoretically defined boundary between cognitive and motivational aspects.

In response to vocational demand situations, individuals exhibit varying levels of motivation, which are
shaped by both situational factors and their own inherent baseline motivation. In competence research,
certain aspects of situational motivation, such as the motivational arousal caused by the environment or
task order, can be controlled through the design of the study. For instance, researchers may utilize a
digital versus analogue environment to regulate the motivational impact of technology, or vary task orders
to mitigate motivational responses to disparate task sequences. However, baseline motivation, which
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refers to individual motivational differences that exist independently of the test situation, cannot be
controlled. This introduces a level of variability that impacts the validity of the competence assessments.
Specifically, uncontrolled individual differences in motivation can lead to a loss of validity, as the test
results may reflect not just the individual's vocational competence but also their personal motivation to
engage with the tasks.

This challenge, which has motivational aspects, draws attention to a potential limitation in our observation
of the Assessment Triangle. In particular, it proposes that the observational component may not fully
encompass the interaction between the cognitive and motivational dimensions. To address this issue, we
propose a revision of the model which incorporates motivational factors into the vocational competence
framework and which applies process data analysis in order to provide a more accurate account of the
motivational differences.

Following the completion of an invalidation procedure, which serves to ascertain whether the processes of
observation and interpretation are aligned with cognition, we now turn our attention to the cognitive element
of the triangle. In this chapter, we will undertake a critical examination of the competence model, with a
view to establishing whether it truly captures the knowledge, skills and abilities that learners are expected
to develop in real-world vocational settings.

8.1 Between Traditional Educational Concepts and Modern Standards

The initial challenge lies in reconciling the enduring German educational tradition with the emerging
concept of educational standards. The paradigm shift in German education from the broad, holistic concept
of Bildung to a narrower focus on competence and educational standards has given rise to a substantial
body of critical commentary. A significant element of this critique is the narrowing of educational
objectives to context-specific cognitive performance dispositions. The concept of education has historically
been distinct from various philosophical movements, including philanthropic, neo-humanist, romantic, and
pedagogical orientations. It has consistently been grounded in the notion of fostering and nurturing the
individual. Notable thinkers such as Wilhelm von Humboldt emphasized that education is a process aimed
at fostering the individual's capacity for independent learning. Eduard Spranger, on the other hand,
conceptualized Bildung as an ongoing, lifelong journey of personal growth. However, the introduction of
Bildungsstandards in Germany has resulted in a shift in emphasis towards measurable, context-specific
competence with a primary focus on cognitive performance. Although this shift aimed to promote
educational equity, as articulated by Klieme et al. (2003) in their advocacy for Bildungsgerechtigkeit
(educational justice), the focus on standardized, quantifiable outcomes risks reducing learners to objects of
reification — their learning experience reduced to measurable data points. Although standardization offers
clear benefits for quality assurance and accountability, it risks undermining the individual-focused and
open-ended nature of Bildung (Bank, 2006; Evers et al., 2008).

e This critique highlights the necessity for further reflection on the relationship between the
competence model, which is employed for measurement and focuses on cognitive aspects, and the
overarching goal of Bildung. Although the competence model is a valuable tool for quantifying
educational outcomes, particularly in the assessment of specific skills and knowledge, it is essential
to acknowledge that it addresses only one aspect of a comprehensive competence framework. It is
also important to consider other critical aspects of competence, such as emotional, motivational
and social development, which remain central to the broader concept of competence.

e Although competence approaches may acknowledge these additional factors, the emphasis on
measurable, context-specific cognitive dispositions often results in an incomplete capture of the
full essence of education. It is therefore important to state that competence evaluation, while
valuable in itself, does not encompass the full scope of personal development and holistic growth
that Bildung seeks to foster. The concept of Bildung emphasises both professional and personal
development, encompassing values, social responsibilities and ethical considerations. This broader
understanding is reflected in Winther and Achtenhagen's (2009) concept of entreprencurial
decision-making, which emphasizes the importance of integrating cognitive skills with ethical and
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social dimensions in vocational training. The competence model retains its validity, provided that
it is not equated with the full spectrum of human development that Bildung has historically aimed
to promote. Competence should be regarded as a significant instrument within a comprehensive
educational framework, but not the exclusive criterion for evaluating educational success or
personal growth.

e The traditional view of Bildung is that it should be regarded as a singular and individualized
phenomenon. The concept of Bildung places significant emphasis on personal development,
distinctive learning journeys and individual intellectual growth. Conversely, educational standards
seek to establish transparent, universally applicable benchmarks for all learners. One might posit
that educational approaches which prioritize collections over the individual are a hallmark of
quantitative educational research methods. These tend to concentrate on the accumulation of data,
predicated on the assumption that although each learner is distinctive, there are nevertheless
identifiable patterns of development that emerge across individuals. Although these studies may
aggregate data to gain insights into educational outcomes at a larger scale, it is important to
recognize that they do not necessarily negate the idea of the Singuldres and Individuelles (the
unique and individual nature of learning). Rather, the objective is to identify regularities that persist
despite individual differences. The issue at hand is not so much the identification of general patterns
of learning development, but rather the establishment of a methodology that avoids the over-
standardization of educational benchmarks, which can result in the imposition of rigid, quantifiable
levels of standards that may not align with the diverse individual learning pathways. In this
research, we have sought to model the development of vocational competence in economic
vocational training, offering what we believe to be a nuanced and dynamic approach that addresses
the tension between quantified level standards and the need to accommodate individual learning
paths. The model places greater emphasis on qualitative shifts in the competence structure, thereby
allowing for greater individual variation while still acknowledging patterns of development. By
focusing on the interactions between competence dimensions, such as domain-linked and domain-
specific competence, the model offers a more flexible understanding of progression that is not
constrained by rigid, pre-defined levels.

8.2 Tension Between Precision and Authenticity in Vocational Competence Models

A crucial question arises from the precision of these theoretical boundaries. Despite our best efforts to
ensure the precision of our empirical approach and to prevent the intrusion of factors such as motivation or
general competencies into the vocational competence construct, this raises a significant issue: It is pertinent
to question whether it is possible to separate vocational practice from motivation and general competencies.
Does the exclusion of these elements detract from the veracity of the competence model?

In his seminal article, "The Trouble with Competence" (1991), Nigel Norris offers a critical examination
of the concept of competence in the context of education and training. He emphasizes the intrinsic challenge
of defining and measuring competence in authentic contexts, suggesting that the pursuit of precision may
result in oversimplification. Norris's assertion, "There is nothing as imprecise as precision," is particularly
pertinent in this context, as it illustrates the paradox that attempts to create precise and operational
definitions of competence may obscure the broader and more nuanced reality of human abilities.

This is not merely a dilemma pertaining to our own research or to the field of competence research; it is,
rather, the paradox of the immune system as it pertains to quantitative research methods. The very process
of framing research questions, selecting participants, and interpreting data entails the exercise of subjective
judgement and, as a consequence, introduces an element of imprecision. Consequently, the pursuit of clarity
and exactitude in research may, on occasion, serve to obscure the underlying ambiguities that are inherent
in human knowledge. A review of research methods reveals that an emphasis on precision, as exemplified
by the use of quantitative data or controlled environments, can impede our comprehension of the broader
context. The use of quantitative research methods, for instance, necessitates the formulation of a well-
structured research question, with the objective of achieving clarity and precision. While such procedures
may yield statistically significant results, they may also prove inadequate for capturing the full spectrum of
human experience, contextual nuances, or the intricate web of variables that affect real-world situations. In
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this context, precision may be a reductive approach, offering a narrow lens through which phenomena that
are far more complex and multifaceted are viewed.

Similarly, in our own research, we encounter a comparable predicament. The quest for clarity in defining
competence may inadvertently result in an oversimplification of intricate phenomena, potentially
overlooking pivotal elements that contribute to the authenticity and richness of authentic vocational
competence, such as motivation and general competence.

These challenges were discussed in Sections 7.2.1 and 7.2.2, where it was acknowledged that the pursuit
of precision may result in a certain degree of compromise in terms of the overall application of good practice.
While it is possible to exert control over certain situational factors that influence motivation (such as
environment or task order), it is not possible to fully account for baseline motivation, which reflects the
individual's inherent motivational differences. This limitation constrains the validity of our model and its
capacity to accurately predict vocational performance in real-world scenarios, where motivation is a pivotal
factor in successful task completion. Furthermore, we undertook a critical examination of the distinction
between specialized vocational competence and general competencies. In Section 7.2.2, it was argued that
authentic problems in assessments do not always need to be complex, multidisciplinary, or ill-structured.
Furthermore, real-world problems can also be relatively straightforward, well-structured, and have a single
correct answer, requiring the application of a single discipline (Cronin, 1993). It can thus be concluded that
traditional paper-and-pencil tests remain a valuable tool for the assessment of these types of real-world
problems. Nevertheless, extending the assessment model to incorporate general competencies would
enhance its generalizability and facilitate the capture of a more holistic view of vocational competence,
which we might term 'the total of good practice'. This would permit assessments to encompass a more
extensive array of problems, thereby rendering the results more pertinent to real-world scenarios,
particularly in the context of the evolving Industry 4.0.

8.3 Toward a Universal Competence Model

The invalidation instances identified in our study do not indicate that the model is fundamentally flawed.
Rather, they demonstrate the constraints of its present form and highlight potential avenues for further
development. We therefore proposed a revised model that incorporates motivational aspects. In order to
address the issue of general competencies, we also put forward a solution.

In this study, our objective was to maintain a clear theoretical boundary between specialized vocational
competence and general competence. To this end, we designed two distinct test environments and tested
for measurement invariance. This allowed us to control for potential confounding factors, such as digital
literacy. Should we elect to incorporate digital literacy into the model, it is imperative that we define it with
the same degree of precision as that employed for domain-linked and domain-specific competencies. In
order to achieve this, we must refer to the two-dimensional construct of ICT literacy, as defined in the
ICLIS study (Eickelmann et al., 2019). This construct consists of two distinct dimensions: technical
competence, which encompasses the basic functional knowledge of program usage, and information
competence, which concerns the ability to find, evaluate, and effectively use digital information. For the
sake of simplicity, this example will focus on the technical competence dimension.

In light of the aforementioned considerations, the model must now account for three distinct competence
dimensions: domain-specific competence, domain-linked competence, and digital technical competence. In
order to accurately assess these elements, it is necessary to modify the cognitive model and the Observation
and Interpretation frameworks to integrate this novel dimension. The example task illustrated in Figure 4,
entitled "Formulate Business Email according to DIN format," requires the learner to perform a number of
tasks that are both vocational in nature and digital in scope. The learner initiates the process by responding
to a customer inquiry, which involves performing calculations using an integrated calculator and composing
a business email. The task is expanded by the incorporation of additional subtasks. The learner is required
to utilize a simulated email tool to send a response email with a file attachment to the customer who
submitted the request and to their colleague, Mr Martin Friebel, for further client interaction.

This task integrates both vocational competence and digital technical competence. In order to demonstrate
proficiency in vocational competence, the learner is required to accurately calculate the invoice and
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compose the email content in accordance with the established professional standards. In order to
demonstrate proficiency in digital technical competence, the learner must demonstrate the ability to
navigate the email interface with efficiency, save the file in the correct location, attach it to the email, and
select the appropriate recipients, including the correct carbon copy (CC) address for Mr. Friebel.

The proficiency with which a learner interacts with the digital environment can be gauged by the indicators
of digital technical competence in the process data. Such indicators include:

- The number of clicks on task-related and non-task-related elements
- The time spent on each menu or tool, including any pauses or delays

A straightforward solution would involve:

- Retrieving the initial email (digital technical competence)

- Utilizing the calculator to perform the requisite calculations (digital technical competence)

- Documenting the accurate sequence of actions for the invoice (specialized vocational competence)
- Saving the file in the correct folder (digital technical competence)

- Uploading the attachment (digital technical competence)

- Sending the email to the correct recipients with the proper CC (digital technical competence)

While some steps may be exchangeable in terms of order, it is essential that each action is both purposeful
and efficient. By analyzing deviations from this optimal process, such as the frequency of clicking on
irrelevant elements, the tendency to become stuck in certain parts of the interface, or the propensity to
frequently switch between sub-tasks without completion, it is possible to assess the digital technical
competence of the learners. This provides insight into their ability to navigate digital tools effectively while
performing vocational tasks, thereby reflecting their overall competence in a digitalized work environment.

The differentiation between vocational competence (successfully completing the calculation and
composing the email) and digital technical competence (efficiently navigating the digital tools) can be
achieved through the analysis of process data. This differentiation is of great importance in identifying
whether difficulties arise from a lack of technical skills or vocational knowledge, thus allowing for a more
nuanced understanding of learner competencies.

This example prompts the question of whether it is appropriate to assess a combination of specialized
vocational competence and other general competencies (such as digital competence and collaboration) in a
single test environment. In comparison to integrated assessments, which evaluate multiple competencies
within a single, authentic context, separate assessments have certain limitations. These assessments
evaluate competencies in distinct environments or with different test instruments, which can result in some
weaknesses:

- Authenticity: The concept of authenticity is of significant importance in this context. In the real
world, competencies are rarely observed to exist in isolation. The separation of the assessments
may result in a reduction in the authenticity of the test, as it does not fully reflect the integrated
manner in which individuals utilize different competencies in practice. Conversely, evaluating
these competencies in a single setting can more accurately reflect the multifaceted nature of tasks
that employees are required to undertake in the real world, necessitating the simultaneous
application of a range of competencies.

- Limited transferability: When a person attempts to meet task and response demands, the underlying
construct is a complex of inextricably intertwined competencies. The competency complex changes
over the course of task performance as sub-goals are achieved and new goals are set. Assessing
competencies in isolation may not provide a full picture of an individual's ability to integrate these
competencies in real-world scenarios, where multiple competencies often need to work together as
a unified whole. For example, a person might be tested separately on their economic knowledge
and digital skills, but this isolated approach doesn't show how they would perform in a practical
scenario, such as using digital tools to solve an economic problem. In contrast, an integrated
assessment provides a more comprehensive view of an individual's skills by observing how well
individuals combine and apply different skills, such as economic knowledge and digital literacy, in
realistic, complex tasks - giving a better indication of their readiness for real-world challenges.
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- Measurement Invariance: When competencies are assessed in isolation, each may be evaluated
under disparate conditions, utilizing disparate instruments or environments. This can result in
variability that complicates the interpretation of scores. In contrast, integrated assessments are
designed to evaluate competencies within a unified context. Holistic measurement facilitates
consistency in scoring and interpretation.

Nevertheless, integrated assessments in digital environments present considerable challenges, given the
intrinsic interconnectivity between subject matter expertise, digital literacy, and communication abilities.
A straightforward yet illustrative example is online communication in a professional context, such as the
utilization of chat tools for task collaboration. In such settings, the behaviours and competencies displayed
by participants differ significantly from those observed in face-to-face interactions, due to the distinct
characteristics of the communication environment. In online communication, social presence is diminished
in comparison to face-to-face interactions, which may result in alterations in engagement and task
performance (Nowak & Biocca, 2003). Moreover, the lack of non-verbal cues, such as gestures, facial
expressions, and tone, presents a challenge for accurately interpreting messages and building interpersonal
rapport (Suler, 2004; Lapidot-Lefler & Barak, 2012). Furthermore, the time lag inherent to asynchronous
communication tools can impede the efficiency of collaborative decision-making and disrupt the natural
flow of communication (Dennis et al., 2008). Furthermore, the expression of emotion in written digital
formats, such as chat, is often constrained, which can result in misunderstandings and incomplete exchanges
(Derks et al., 2008). In light of the distinctive features of digital communication, it becomes evident that
the separation of competencies such as subject competence (e.g. economic knowledge), digital literacy and
communication competence in the assessment process is an oversimplification that fails to capture the
actual complexity of these skills. A failure to consider these competencies in conjunction with one another
may result in an inaccurate representation of the complex ways in which individuals engage with and
respond to professional demands within a digital environment.

The issue is further exacerbated when professional digital tools, such as Enterprise Resource Planning (ERP)
systems, are employed in actual commercial contexts. The close and evolving integration of economic tasks,
digital tools and collaborative processes makes it challenging to assess each competence in isolation:

subject-specific knowledge, digital proficiency and collaborative skills. This complexity can result in a

reduction in both the precision and clarity of assessment results, which in turn complicates the scoring and

interpretation of performance. Furthermore, the incorporation of motivational aspects into the underlying

assessment model presents an additional challenge, both in terms of theoretical necessity and in reflecting

real-world contexts. Nevertheless, the pursuit of accuracy and precision — particularly the necessity for

measurability and operationalizability — can result in integrated assessments being divided into separate

measurements for each component. This, in turn, results in a loss of authenticity in the capture of how these

competencies interact in practice. This dilemma represents a recurring issue in the ongoing debate between

the pursuit of "the total of good practice” and the prioritization of precision, operationalizability and the

reductionism inherent in such approaches.

Finding an appropriate equilibrium between authenticity and precision in assessments, particularly when
considering factors such as motivation and multiple general competencies, represents a significant
challenge. It must be acknowledged that there is no single solution that offers the optimal balance between
the two factors in question. Consequently, researchers must prioritize the objectives of their studies. For
example, when examining specialized vocational competence, it may be more beneficial to view
motivational factors and social competencies not as latent variables to be exclusively quantified within
integrated assessments, but rather as contextual elements that can be investigated through survey methods.

The utilization of self-reporting and reflective questionnaires, comprising both direct questions (e.g. "How
would you evaluate your social competence?") and indirect questions (e.g. "What is your relationship with
colleagues?"), permits a detailed and nuanced examination of these factors. This approach allows for the
investigation of the correlation or causal relationships between these factors and vocational competence.
Consequently, researchers can circumvent the pitfalls of overly generalized definitions that are challenging
to operationalize, thereby enabling more precise and effective assessments while still capturing the inherent
complexity of vocational practice. Furthermore, this approach addresses the shortcomings of conventional
paper-and-pencil assessments, which may demonstrate reduced external validity in the context of Industry
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4.0 in comparison to technology-based assessments. This is precisely the objective of the
INTERCONNECT project, in which the competence validation research is embedded, as outlined in the
introduction. As Shavelson and Huang (2003) assert, there must be clear distinctions between achievement
in a domain-specific area of study and demonstrations of more general abilities. Furthermore, knowledge
and various kinds of abilities must be linked in a holistic framework. Finally, different kinds of learning
must be assessed with different kinds of assessments.

In conclusion, the issues of (1) the intertwined and complex nature of multiple competencies in real-world
vocational settings, where the whole is greater than the sum of the parts (McClelland, 1973; Shavelson,
2010), and (2) the challenges of operationalizing, observing and scoring these interconnected
competencies within a universal framework, can be addressed by an accuracy-driven approach that
prioritizes precision and clarity of the assessment of clearly delineated competence components. By
focusing the scope of the variables under consideration, the precision and reliability of the measurement
process are enhanced, facilitating the accurate capture of the intended competence. In order to overcome
the limitations of such structured environments in terms of authenticity, it is proposed that these precise
measurements be integrated into a broader theoretical network that calculates correlations or causal
relationships between competencies and real-world applications. This approach allows for more precise
inferences to be made about the interactions and influences among competencies, thereby facilitating a
more comprehensive understanding of their real-world relevance.

Concurrently, another tendency in competence measurement strives to address these same issues, namely
the necessity to assess multiple, intertwined competencies and the challenges associated with
operationalizing and scoring them. However, these approaches are pursued in opposite directions or with
different priorities. This approach acknowledges the intricate and interwoven nature of competencies
while eschewing the practice of decomposing them into discrete elements for evaluation. This noteworthy
approach to competence measurement can be traced back to McClelland's (1973) criterion-sampling
method, which places emphasis on the observation of operant behaviour. Operant behaviour can be
defined as instances where individuals construct responses to tasks, such as open-ended tasks requiring
thoughtful construction of a response. In contrast to the practice of decomposing competencies into
discrete elements for evaluation, this method assesses competence as a unified whole. The following
approaches to scoring operant responses, as outlined by Shavelson (2010), are commonly employed:

1. Holistic scoring: This method employs a comprehensive rating scale (e.g., 1 to 6) to assess the overall
quality of a performance. To illustrate, a performance may be evaluated on a scale ranging from "absent"
or "extremely poor" to "outstanding," with the criteria for each level clearly delineated in a rubric.
However, the use of holistic scoring is not sufficiently specific. While it can be applied to a wide range of
tasks, it does not provide detailed insights into the strengths and weaknesses of a performance.

2. Analytic scoring: In this approach, each task or response is evaluated according to a set of pre-defined
criteria. This approach offers a more detailed, diagnostic view of performance; however, it can lack
flexibility. As each task necessitates the utilization of a distinct rubric, this approach may culminate in a
multitude of scores that are challenging to compare across tasks, thereby limiting its overall applicability.

3. Hybrid Scoring: This approach, which is currently evolving, combines holistic and analytic methods. It
identifies common features across various tasks and applies them consistently to the assessment of
competencies. The aim is to achieve a balance between specificity and diagnostic value, while also allowing
for the assessment of a wide range of tasks. One example of this approach in practice could be the evaluation
of astronauts, where common competencies (e.g. problem-solving, teamwork) are assessed across multiple
but related scenarios.

The assessment of competence, even within unified competence assessment approaches, inevitably
encounters a methodological dilemma in scoring. This is due to the need to balance a holistic, integrated
view of competence with the precision necessary for meaningful measurement. Holistic scoring provides a
comprehensive and realistic representation by capturing the interrelationships between multiple skills and
abilities. However, this approach often results in a lack of diagnostic insights, which in turn limits the ability
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to identify specific strengths and weaknesses within a performance. Conversely, analytic approaches, which
segment competencies into discrete components, increase measurement precision but risk
oversimplification, often missing the nuanced interplay essential in real-world applications (Ounis, 2017,
Shavelson, 2010). Hybrid scoring approaches attempt to strike a balance between these two demands.
However, by fragmenting competencies into isolated parts, they tend to achieve a compromise rather than
a complete solution. The integrative potential is limited when the scoring system continues to rely on
separate, predefined criteria, even if it applies these criteria across multiple tasks or contexts.

This dilemma remains unresolved in the context of scoring, despite the strong focus of unified competence
assessment approaches on assessing multiple, intertwined competencies. As discussed throughout this
research, this challenge is not unique to competence assessment but rather reflects a broader issue in
quantitative research, where complex constructs are often reduced to measurable components. Researchers
in fields such as psychology, education and the social sciences encounter comparable challenges when
quantifying complex constructs, such as emotional intelligence or social skills, while maintaining their
intrinsic interconnectedness. There is a risk that isolating these constructs into discrete variables may,
inadvertently, distort the very qualities they seek to capture. As Weinert highlighted in relation to
educational psychology’s broader mission:

“Pddagogische Psychologie ist in meinen Augen als Wissenschaft notwendigerweise eine
reduktive, die Phdnomene vereinfachende, nach GesetzmdfSigkeiten suchende, auf
Wahrscheinlichkeiten gerichtete, also im besten Sinne des Wortes theoretische Disziplin — fiir
welche das eigentliche, zwischenmenschliche, lebendige pddagogische Handeln immer eine
,andere’, nie als solche erfafibare, in Grenzen aber wissenschaftlich beschreibbare und
erklirbare Realitdt bildet" (“In my view, educational psychology is necessarily a reductive
science, simplifying phenomena, seecking regularities, and focusing on probabilities—in the
best sense of the word, a theoretical discipline. Yet, the actual, interpersonal, and lively
educational practice always forms an ‘other’ reality, one that can never be fully grasped as
such, although it can be scientifically described and explained within limits”) (Weinert, 1996,
p- 99).

This methodological tension necessitates the implementation of integrative methodologies that facilitate
the convergence of qualitative and quantitative approaches. In essence, the endeavour to pursue more
comprehensive yet exacting assessments across research domains represents an enduring dedication to
comprehending intricate phenomena in a meticulous manner, whilst acknowledging their intrinsic
complexity in the real world. It is therefore recommended that researchers adopt a critical and reflective
approach to their work, acknowledging that the most impactful questions often encompass the limitations
of precision and remain open to evolving interpretations and the possibility of ambiguity. Approaches that
permit flexibility and adaptability in response to the emergence of new insights can facilitate the
development of more profound and meaningful contributions to knowledge.

9. Conclusions and Outlook: Practical Implications, Future Research Directions, and
Transferability of Results

Educational research on modeling competence development plays a crucial role in both general
and vocational education. Its primary objectives are to generate new scientific knowledge,
provide empirical support for educational practice, and contribute to the continuous
improvement of teaching and learning processes. By integrating theoretical insights with
practical applications, it ensures that educational models remain relevant, effective, and
adaptable to changing societal and labor market demands. Moreover, educational research is not
only a step forward that builds upon past findings as an output but also serves as a foundation for
further advancements in the field as an input. It acts as both a driving force for innovation and an
inspiration for future research. Thus, in this conclusion chapter, we will address the following
points:

1. Practical Implications
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e How can educational institutions or policymakers utilize the findings?
e What specific recommendations for action emerge from the research results?
2. New Research Fields
e What open questions or follow-up research approaches arise from this work?
e Which aspects were only touched upon and could be explored further?
3. Transferability of the Research Findings
e To what extent can the findings be transferred to other contexts, domains, or
countries?

9.1 Implications for VET Training and Assessment

In this research, we examine the challenges and nuances of modeling competence, focusing on the balance
between theoretical boundaries and practical application. Specifically, we address how to develop a
competence model that is robust in terms of scientific empirical research, allowing us to assess, measure,
and compare educational outcomes for monitoring purposes, while also maintaining the flexibility needed
to ensure that the model remains grounded in "the total of good practice" in real-world settings. The tension
between precision and authenticity in vocational competence models has been a central theme throughout
this study—starting with the evolution of competence models (Chapter 2), through the conception of the
competence development model (Chapter 3), and extending to the invalidation approach, which reflects the
relationship between the theoretical boundaries of the competence model and its practical robustness. This
culminates in the discussion of the tension between precision and authenticity in vocational competence
models (Chapters 6 and 7). While our model cannot resolve all the issues related to balancing empirical
accuracy and practical authenticity—as discussed in Chapters 7 and 8—it provides a dynamic perspective
on defining competence levels in vocational education and training (VET).

Norris (1991) highlighted the challenges of highly deductive models of competence, which, although
aiming to provide clear and precise descriptions of competence levels, often fail to capture the richness of
good practice. They risk oversimplifying the complex and nuanced nature of competence. The pursuit of
precision in defining competence can, paradoxically, distort the very qualities it seeks to represent. In our
approach to modeling vocational competence, we decided against assigning rigid, precise competence
levels for each stage of training. Instead, we acknowledge that competence evolves continuously as
individuals engage in vocational training and confront new challenges. Thus, we adopted a flexible, holistic
approach to competence development, defining relative rather than fixed levels for each competence
dimension. This allows us to represent vocational competence more realistically as it develops over time.

While competence models that define exact levels can provide standards and serve as practical references,
they carry the risk of over-standardization. Over-standardization, particularly through rigid competence
levels, introduces several challenges. First, competence development is influenced by individual differences,
learning styles, and external circumstances. A one-size-fits-all approach risks overlooking these differences,
which can result in a failure to accommodate the diverse needs and learning trajectories of learners. Second,
strictly defined competence levels may confine learners within predetermined boundaries, stifling their
creativity and innovation. This rigidity can discourage exploration, experimentation, and risk-taking, which
are essential for meaningful learning and skill development. Lastly, unrealistic or overly strict competence
expectations can demotivate learners, leading to feelings of inadequacy, frustration, and disengagement. If
learners perceive competence levels as unattainable or irrelevant, they may lose interest in the learning
process. Take the example of kaufménnische Azubis (commercial apprentices) in the context of Industry
4.0. Traditional training programs focus heavily on domain-linked competence—fundamental business
knowledge, accounting principles, and basic office software. However, modern businesses increasingly rely
on high-tech solutions such as:

e Enterprise Resource Planning (ERP) systems (e.g., SAP, Microsoft Dynamics 365)

¢ Customer Relationship Management (CRM) platforms (e.g., Salesforce, HubSpot)
e Data analytics and business intelligence tools (e.g., Microsoft Power BI, Tableau, Google Analytics)

64



e FinTech solutions and digital payment systems (e.g., Revolut, PayPal, blockchain technologies)
e Automation, artificial intelligence (Al), and cybersecurity basics

Learning new tools requires extra time and adaptation, often slowing progress in traditional training areas.
This can create tensions: learners may initially struggle, leading to lower perceived competence in
standardized assessments. However, from a schema theory perspective, this is a natural and necessary phase
in the learning process.

When trainees first encounter a domain-specific tool like SAP, they lack an existing schema for ERP
systems, resulting in high cognitive load and seemingly slow progress. However, as they engage with
multiple business processes, their schemas gradually form, integrate, and refine—allowing them to navigate
ERP systems more efficiently. Later, when faced with job- or enterprise-specific requirements, they can
seamlessly apply and adapt their specialized schemas, allowing them to solve complex problems more
efficiently and with greater flexibility. A more adaptive approach is needed—one that recognizes
competence as an evolving process, shaped by iterative learning experiences in complex real-world settings.
Skills are not static; they must continuously adapt to technological advancements and shifting professional
demands (e.g., Hasen-beck, 2019; Hirsch-Kreinsen, 2017; Sczogiel et al., 2019).

At advanced stages of vocational training, schema restructuring occurs, where domain-linked knowledge
elements and small domain-specific schemas merge into larger, more complex knowledge structures
(StréBer, 1996). As these schemas become increasingly interconnected and refined, the distinction between
domain-linked and domain-specific competence becomes less rigid, reflecting the fluid and evolving nature
of vocational expertise. This results in higher adaptability and problem-solving capacity, enabling trainees
to effectively navigate workplace challenges with growing independence and expertise.

Rather than imposing rigid, predefined competence levels at each stage, the interaction between domain-
linked and domain-specific competence serves as a more accurate indicator of continuous and dynamic
development, ensuring that vocational education remains aligned with the realities of professional growth.
Therefore, while standardized competence models have their advantages, they must be balanced with
flexibility to account for individual variability, foster creativity, and sustain learner motivation. In this study,
we deliberately chose not to quantify fixed competence levels. Instead, we focus on the dynamic interaction
between domain-linked and domain-specific competence to better reflect the reality of learning in
vocational education. Here are the practical reasons why this approach could be beneficial:

1. Adaptability to Diverse Learning Paths: Defining relative competence levels enables a more
adaptable understanding of learners' varied development. This approach recognizes that
competence development unfolds differently among individuals, and evolves over time.

2. Developmental View of Learning: Emphasizing relative levels promotes a developmental view of
learning, where competence grows and adapts continuously. Learners progress from a foundational
understanding of domain-linked competence to increased proficiency in domain-specific skills,
reflecting the evolving nature of vocational expertise.

3. Real-World Applicability: Relative competence levels closely reflect the expectations of real-world
contexts, where individuals face complex and dynamic situations that require a combination of
domain-linked and domain-specific competencies. This approach emphasizes the ability to adapt
and integrate competencies to solve real-world problems, rather than adhering to fixed standards.

4. Adaptability to Changing Circumstances: Relative competence levels are flexible, allowing
learners to adjust their balance of domain-linked and domain-specific skills as their experiences
and goals evolve, ensuring their learning remains relevant.

Based on the insights from this study, we propose several key strategies for Vocational Education and
Training (VET) programs to facilitate optimal competence growth:

1. Establishing a Solid Base of Domain-Linked Competence: VET programs should prioritize
equipping learners with a solid foundation of domain-linked competence, ensuring that theoretical
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knowledge is effectively grounded in practical application. This supports the seamless construction
and use of cognitive schemas in real-world professional settings.

2. Increasing Exposure to Real-World Professional Demands: It is crucial to provide learners with
ample opportunities to engage with authentic professional situations. Real-world exposure allows
them to apply theoretical knowledge in practice, enhancing both domain-specific competence and
overall vocational readiness.

3. Supporting Effective Schema Construction: VET programs should actively support learners in
constructing effective cognitive schemas by facilitating reflective practices and encouraging
experiential learning. By helping learners reflect on and derive insights from their real-world
experiences, VET institutions can foster the development of adaptive cognitive frameworks that
are applicable in various professional contexts.

9.2 New Research Frontiers: Unanswered Questions and Future Directions

In contrast to training practices, where flexibility plays a crucial role and standardization may lead to risks
(Bank, 2006; Evers et al., 2008; Bredel, 2014), empirical educational research, particularly quantitative
research, emphasizes strict and standardized methodological approaches. In science, especially in
quantitative research, the boundaries of a concept (e.g., Concept X) must be as precise as possible, clearly
distinguishing what X is and what Not-X is, in order to facilitate measurement. However, there is always a
challenge: boundaries that look theoretically sound may be subject to distortions in practice. This approach
inevitably leads to blind spots, which exclude certain aspects from consideration.

1. Limitations of Data: Focus on Theoretically Prescribed Phenomena
The theory defines a boundary within which phenomena are considered relevant. Data collected
along these boundaries can only reflect what lies within the defined areas. Anything outside these
boundaries is automatically excluded and remains a blind spot—even if these areas could be
relevant in practice.

2. Theoretical Frameworks Shape Perception: Emergence of Cognitive Blind Spots
The tools and methods for data collection are designed to capture the theoretically established
structure and its relationships. However, this may lead to overlooking phenomena that fall outside
the theoretical assumptions. These phenomena become cognitive blind spots, which may remain
undetected even with careful data collection and analysis.

3. Internal Consistency VvS. Validity of Boundaries
Data analysis focuses on examining the internal consistency and structure of the model (validity).
However, it does not provide insights into whether the theoretical boundaries of the concept align
with practice. Therefore, data cannot reveal whether the boundaries are too narrow or too broad
because data are collected only within the predefined areas.

To overcome these blind spots and identify potential deviations, a reflective approach is necessary. While
the data themselves may not directly indicate deviations, important practical observations arise during the
research process and data collection. These observations, combined with a deeper cognitive engagement
with the theory, allow for a more nuanced understanding of the theoretical boundaries.

During data collection, clues can be gathered regarding whether the theoretical boundaries hold in practice.
For example, do phenomena occur outside the theoretical definition? Or are some parts of the defined
boundaries neglected in practice?

Invalidation, as a critical counterpart to validation, this reflective analysis complements the data analysis
and allows for a critical examination of the concept's boundaries. I refer to this approach in my work as
Invalidation, as it aims to uncover weaknesses or potentially invalid aspects of the theoretical boundaries.
Therefore, the validation of a concept includes two essential dimensions:

1. Validation — Examination of the Internal Structure
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The first step of validation involves examining the internal structure of the concept. Here, we collect data
along the theoretically defined boundaries of the model and analyze it to determine:
e Does the distribution of the data within the model align with theoretical expectations?
e Do the relationships between the substructures (e.g., dimensions or factors) of the model match the
theory?
Through this data evaluation, we explicitly test whether the theoretically defined internal structure
of the concept is robust and consistent with the theory.
2. Invalidation — Reflection on the Boundaries
The second step goes beyond data analysis. It involves reflecting on whether the theoretical boundaries of
the concept hold in practice. In practice, deviations can occur:
e Too narrow boundaries: The theory defines a small space, but practice "overflows."
e Too broad boundaries: The theory defines a large space, but practice does not fill these areas.

These two approaches not only verify the internal consistency of the model but also evaluate its practical
applicability. This two-dimensional concept of validation helps achieve a comprehensive and robust
understanding of the model.

However, this invalidating approach is not yet a standard part of validation studies, although some
discussions about the limits of the study may be addressed at the conclusion of a publication. There is a
lack of a systematic invalidation process (e.g., based on the assessment triangle in this research). I argue
that only the combination of both approaches can fully assess the scientific rigor and practical applicability
of a concept. Thus, further research should explore this dimension systematically, addressing the open
questions surrounding the boundaries of theoretical concepts. Specifically:

1. The Role of Reflexive Practice in Improving Conceptual Accuracy: While the concept of
invalidating theoretical boundaries has been proposed as a critical complement to traditional
validation processes, the integration of reflexive practice within the research process is an area that
has been touched upon but not fully explored. How can researchers more effectively incorporate
reflexivity into their work without compromising the objectivity or rigor of quantitative research?
How can we develop concrete methods and tools to systematically identify and assess cognitive
blind zones or practical deviations during data collection and analysis? This line of inquiry could
involve exploring practical tools, strategies, and frameworks that enable researchers to
continuously evaluate their assumptions and theoretical boundaries throughout the research process.
This is an area where future research could create frameworks that encourage researchers to not
only validate their concepts but also continuously reflect on their theoretical limits.

2. Expansion of Reflexive Methodology: Reflexivity in research has always been essential, yet it has
received limited attention in the context of quantitative studies, especially when it comes to
recognizing and addressing theoretical blind zones. Future studies could expand upon the concept
of reflexive methodology, aiming to design better frameworks for examining how data collection
methods can evolve in response to emerging, unforeseen phenomena. How can researchers
structure their studies in such a way that they remain open to revising their theoretical boundaries
as new insights surface during the research process?

3. Data-Driven Invalidation: Leveraging Big Data and Al

With the growing use of big data and artificial intelligence in research, there is an opportunity to
leverage advanced analytical tools to assess and potentially invalidate theoretical boundaries. Al
can detect patterns in data that fall outside predefined theoretical limits, revealing blind zones where
existing models fail to capture real-world complexity. This approach refines the invalidation
process by offering automated mechanisms to identify areas where theoretical frameworks may
need adjustment or expansion based on emerging empirical evidence.
For instance, machine learning models can analyze large datasets to identify deviations from
expected trends, highlighting cases where theoretical definitions do not adequately reflect reality.
Similarly, natural language processing (NLP) can be applied to qualitative research, scanning vast
textual datasets to uncover emerging concepts that lie beyond existing theoretical frameworks.
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By integrating Al-based anomaly detection, researchers can develop automated invalidation

processes that continuously refine theoretical models, ensuring their alignment with empirical

realities. Unlike traditional validation methods, which often assume fixed theoretical structures, Al
introduces a dynamic, evidence-driven approach for adapting theoretical boundaries as new data
emerges.

Al-driven anomaly detection can further enhance the invalidation process by systematically

identifying inconsistencies in real-world data. For example:

e Supervised machine learning predicts outcomes based on predefined variables but also
identifies outliers—cases where real-world behaviors deviate from theoretical expectations.

e Unsupervised learning (e.g., clustering algorithms like K-Means or DBSCAN) reveals hidden
subgroups of competencies that may not have been previously considered within a given
framework.

e Neural networks detect complex, non-linear relationships between multiple competencies,
refining their definitions and interconnections.

Chapters 7.2.2 and 8.3 of this dissertation explore how process data can be used to capture multiple
competencies—such as digital competence, collaboration skills, and professional expertise—
simultaneously. However, incorporating more dimensions into a model increases the risk of
ambiguous interpretations. In real-world professional settings, competencies do not exist in
isolation but are deeply interconnected. The more dimensions integrated into a model, the harder it
becomes to draw valid conclusions about the actual causes of performance variations. Al can help
address this challenge by analyzing process data in real time:

o Keystroke dynamics and behavioral tracking can differentiate between digital competence
issues (e.g., struggling with an interface) and communication barriers (e.g., hesitation in
writing).

e Sequence analysis in task completion can determine whether an individual skips a step due to
a lack of technical skill or a strategic decision.

e Al-based Bayesian modeling can quantify uncertainty in decision-making, helping to assess
whether missing competencies were accurately measured or if a theoretical blind spot exists.

These approaches open new avenues for validation studies, particularly in identifying the boundaries of
theoretical models through an invalidation approach. Despite its potential, Al-driven invalidation faces
key challenges:

e Interpretability: Al models often act as black boxes, requiring careful theoretical
contextualization.

e Data Bias & Quality: Al outcomes depend on data accuracy; biases may distort findings.

e Integration into Research Methodology: Al should complement, not replace, scientific reflection.

While high-tech analytical methods provide powerful insights, their scientific application must be
rigorously structured and methodologically integrated for the right research purposes. This remains an open
challenge for future research, highlighting the need for systematic refinement of Al-driven validation
processes in scientific studies.

9.3 Transferability of Vocational Competence Models and Assessments

This study focused on the development of vocational competence, but its implications extend beyond
vocational education. The distinction between domain-linked and domain-specific competence, as
introduced by Greeno et al. (1984), originally applied to simple counting tasks, which is not directly related
to vocational context. The concept emphasizes how individuals relate task settings to performance
requirements, as well as how they grasp general principles within a domain and apply them to actions. The
breadth of domains can range from highly specialized competencies in narrow fields to broadly
conceptualized key competencies (Klieme et al., 2008), offering flexibility in adapting and operationalizing
this concept for both vocational and general education contexts.
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Although this study focuses on vocational competence, the underlying concept of domain-linked
competence includes skills that extend across multiple domains. Understanding how these competencies
develop highlights the importance of fostering transferable skills in general education, equipping students
for diverse career paths. Recognizing the distinct developmental trajectories of domain-specific and
domain-linked competencies further underscores the need for individualized learning pathways. General
education programs can apply this insight by designing personalized learning approaches that cater to
students' unique strengths and areas for growth, promoting holistic skill development across various
domains.

In recent years, vocational competence research has concentrated intensively on modeling competence
structures. For instance, studies by Nickolaus and colleagues provide valuable insights into vocational
competence in technical-commercial fields (Nickolaus et al., 2012; Nickolaus et al., 2015; Abele et al.,
2014). Other studies, such as those by Lehmann and Seeber (2007) or Winther, Achtenhagen, and Klotz
(e.g., Winther & Achtenhagen, 2009), focus on specific sectors like banking or industrial clerks. The
CoSMed project develops competence models for the health sector (e.g., Seeber et al., 2016; Dietzen et al.,
2016). These structures are not mutually exclusive but complementary. In VET, each occupational domain
is specific, making their corresponding assessments less universally applicable. For example, a computer
simulation of engine fault diagnosis for automotive mechatronics engineers (e.g., Gschwendtner et al., 2010)
cannot be adapted to measure the vocational competence of industrial apprentices. However, vocational
competence is a unitary concept, and these varying constructs represent different perspectives that
illuminate distinct ways to measure competence. For instance, in the commercial domain, Rohr-Mentele
and Forster-Heinzer (2021) developed a two-dimensional competence structure, encompassing basic
commercial knowledge and skills applicable to all commercial apprentices, independent of a specific
occupation. Achtenhagen and Winther (2008) further refined competence modeling with action-based and
skill-based dimensions, suited to advanced learners. In this study, longitudinal validation confirmed that
this two-dimensional model remains stable over the course of training, adding a developmental perspective
to the competence construct.

The generalizability of this study’s findings warrants further exploration, especially in international
contexts. In Germany’s dual education system, vocational education blends classroom learning with on-
the-job training, whereas in countries like the U.S., vocational education tends to be more classroom-based
with limited formal apprenticeships. This structural difference suggests that the level of domain-specific
competence may vary across countries, though the foundational two-dimensional model (domain-linked vs.
domain-specific competence) remains valid. This distinction is essential because, regardless of the
educational system, all vocational learning contexts require both generalized problem-solving skills and
domain-specific expertise.

The increasing focus on competence assessment within vocational education reflects a broader need for
modernization and international benchmarking. Germany’s dual vocational education and training (VET)
system, seen as a model for combining practical training with formal education, enables smooth school-to-
work transitions and supports economic competitiveness (Riischoff, 2019; Fiirstenau et al., 2014). However,
the system must continuously evolve to address changing workplace demands and global developments
(Deissinger & Hellwig, 2005).

One promising approach for enhancing global comparability in vocational education is the PISA VET
initiative. As an international benchmarking tool, PISA VET allows policymakers to assess vocational
training performance globally, identifying strengths and areas for improvement. Comparative assessments
provide valuable insights that can inform policy decisions, curriculum reforms, and targeted training
programs. Moreover, competence assessments in VET systems can lead to tangible actions, such as
adjusting training standards, updating curricula, or developing new instructional methods (BMBF, 2023).

Establishing a globally standardized framework for measuring vocational competencies would also foster
international collaboration. By aligning assessment standards, VET institutions worldwide can exchange
best practices, share resources, and create unified benchmarks for vocational education quality. This
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collaboration would enhance the comparability of vocational qualifications, boost skilled worker mobility,
and ensure vocational education systems remain responsive to global labor market needs.
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Appendix

Fig. A1 Exemplary company framework from the competence test

Ceraforma Keramik AG

\ )
) \

Since its foundation in 1982, the Ceraforma Keramik AG has developed into an expanding and
globally active industrial enterprise having their head office in Aachen, Germany. The company
is involved in the production of ceramic goods, such as china and porcelain for tableware and
vases or sanitary ware.

In the past, the management of Ceraforma Keramik realized that the four divisions —
procurement logistics, production, human resource management as well as marketing and sales
— used to operate too independently from each other, which caused disturbances in the
performance process and led to customer complaints. In response to these problems, so-called
horizontal teams were established consisting of work members from different company divisions.

You have been employed with Ceraforma Keramik in such a horizontal team since the beginning
of this year. Here the allocated customer orders are being handled in all business processes
ranging from the receipt of orders to the settlement of accounts. Ms Kenk, the team leader, Mr
Friebel and Ms Hoffmann, the new trainee, are your colleagues in the horizontal team.

Business Process 1

Situation:
Your team just received a new customer enquiry. Your colleague, Mr Friebel, shows you the
following e-mail which arrived on 30 March 20... at 10:17.

Note. Adapted from " Instructional sensitivity in vocational education," by V. Deutscher, and E. Winther,

2009, Learning and instruction, 53, 21-33. https://doi.org/10.1016/j.1earninstruc.2017.07.004
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Item Examples

Item 11 (domain-specific item): Your supervisor, Ms. Kenk, received a call from Mr. Schwienert, who is willing to
accept the offer only if the price is set at 579.00 EUR per unit plus VAT. Ms. Kenk asks you to assess whether
accepting this order would still be profitable for Ceraforma. For the upcoming team meeting, calculate the total
contribution margin considering Mr. Schwienert's requested price, with variable costs of 395.00 EUR per unit and
fixed order costs of 144,000.00 EUR.

- Descriptive Statistics:
- xsi BW:4.39
- xsi. NRW: 3.93

Item 12 (domain-specific item):

After consulting with the Marketing/Sales department, it was determined that 25 tons of quartz need to be ordered for
roduction. The following binding offers were received:

Silica Glass GmbH Mineral Geifert AG
List Price 525.00 EUR/ton (plus VAT) 470.00 EUR/ton (plus VAT)
Discount 4% for orders over 20 tons 3% for orders over 30 tons
Cash Discount 2% if paid within 10 days
Payment Terms 60 days net 30 days net
Delivery Costs 100.00 EUR flat fee 0.60 EUR/100 kg ex-works
Minimum Order Quantity 10 tons
Offer Validity Until 10th April Until 25th March

Determine the most cost-effective supplier for 25 tons of quartz and provide reasons for your decision

- Descriptive Statistics:
- xsi_ BW: 0.90
- xsi. NRW: 0.48

Item 8 (domain-linked item)

After delivering 2,600 washbasins, 80 were reported by the customer as defective. The defects mainly occurred at the
transitions to the purchased, chrome-plated metal parts and in the purchased components themselves. To reduce the
defect rate and maintain quality leadership, Mrs. Kenk wants to expand the internal quality initiative. Three Measures
to Reduce Defect Rate:

- Descriptive Statistics:
- xsi BW: 1.47
-xsi NRW:0.16

Item 10 (domain-linked item)

After communicating your calculated price to Mrs. Kenk, she negotiates a contract with Miller Ltd. for 100 bathtubs
at a total price of €180,000. You are asked to inform the accounting department of the expected payment in USD.
Calculate the payment in USD using the following current exchange rate (note: round your result to two decimal
places).

- Descriptive Statistics:
-xsi BW:0.71
- xsi. NRW: 0.49
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