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Abstract
In the current vocational education and training (VET) research, many empirical
studies focus primarily on the development of competence-based test instruments
that aim to measure the cognitive dispositions of a domain-specific competence
construct. While these studies mainly focus on the analysis of competence structures
and levels, the valid measurement of competence development represents a research
gap. Studies with this focus differ significantly in their theoretical-conceptual foun-
dations and their methodological approaches. Moreover, different challenges arise in
the methodological aspects of a valid change measurement. For this purpose, the first
chapter reviews the research on the measurement of competence development in the
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VET field. Given the increasing significance of sustainable development-related
competencies in VET, an empirical analysis is performed on commercial trainees’
development of declarative knowledge related to sustainability from a societal
perspective and sustainability in business processes. The in-depth analyses are
based on data sets from cross-sectional and longitudinal studies. The differences
and similarities between these research designs are compared with regard to their
analysis potential, analysis methods, and results.

Keywords
Competence measurement · Competence development · Cross-sectional research
design · Panel studies

Research on the Measurement of Competence Development
in VET: Theoretical Assumptions and Methodological Designs

The discourse on measuring competencies in vocational education and training has
received increasing attention in recent years (see Beck et al. 2016; Seeber 2017;
Klotz and Winther 2017; Holtsch et al. 2016; Winther et al. 2016). Nevertheless, the
understanding of competence as a latent construct and its associated causality is not
always clear (Klieme et al. 2008). Currently, individual cognitive and affective-
motivational dispositions (Blömeke et al. 2015) serve to explain performance related
to the requirements in a domain-specific context; these dispositions are understood to
be the mental resource potentials of an individual. Due to the assumption that
competencies refer to clusters of knowledge, abilities, beliefs, and emotional and
motivational resources and considered as a result of previous learning processes
(Weinert 1999), theoretical foundations of studies aiming to measure competence
development have to take into account research on learning, teaching, learning
environments, and processes as well as on specific characteristics of the domain.
Moreover, psychometric research has to be considered.

In principle, competence development is a lifelong process (Blossfeld and Schneider
2011). Nevertheless, the research on competence development in VET is often restricted
to observations in the life stage of a respective training program and goes seldom
beyond. The theoretical frameworks in this context are often based on approaches to
expertise research, particularly the five-stage skill acquisition model by Dreyfus and
Dreyfus (1980), which describes the development from a novice to an expert or master
level. However, corresponding (more deterministic) models of competence develop-
ment, such as that of Dreyfus and Dreyfus (1980), are very general, and due to the
abstract level differentiations and the lack of explicit explanation-relevant predictors,
such models are limited to describing the development of professional competence in
VET (Michaelis 2017, p. 45f.). In any case, it is still questionable whether competence
development in terms of temporal development is to be understood as a continuous or
discontinuous process (Fleischer et al. 2013). Because of the high degree of abstraction
in Dreyfus and Dreyfus’ (1980) model, competence development, which results from
specific intervening learning arrangements, can be explained only to a limited extent
by this theory. Even the offer-and-use models discussed in school effectivity research
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(e.g., Helmke andWeinert 1997) are of limited use in VET because these models do not
refer to the context of workplace learning and its prevailing norms (see Lempert 2009;
Rausch 2011; Michaelis 2017, p. 45ff.; Sembill 2008).

Up to this day, the diagnosis of domain-specific competence in different educational
areas has been predominantly based on curricular and therefore formal learning pro-
cesses. For such research projects, and particularly for the previously noted intervention
designs, the curriculum instruction assessment triad (Mislevy and Riconscente 2005;
Mislevy andHaertel 2006) can be used as a theoretical framework (Winther 2010; Seeber
2017). This means that the development of an assessment should be convergent with the
curricular requirements (intended curriculum) but also with the teaching process
(implemented curriculum/intervention). Moreover, assessments in VET have to take
into account different learning contexts: school-based theoretical learning and
practical-oriented learning in companies or workplaces. It can be assumed that the two
learning contexts help to develop different knowledge representations; both are necessary
to cope with workplace requirements and to act as an expert in a respective domain.
Subsequently, the assessment of the development of occupation-related competencies
must refer to both learning contexts and their specific outcomes (see Winther 2010,
p. 93ff.; Seeber 2017). Furthermore, assessments of the development of learning out-
comes must not only consider different learning opportunities in vocational schools and
training companies but also nonformal and informal learning opportunities outside of
these education or training institutions. Nonformal and informal learning possibilities,
e.g., extracurricular activities or learning possibilities in the private context, represent
interesting and important explanatory factors. However, explanatory factors of compe-
tence development are not considered further in this chapter. This chapter is more
concentrated on the methodological challenges due to the underestimation in research
on the measurement of change.

Methodological differences can be attributed to general fundamental questions of
the measurement of change. Studies with cross-sectional (survey of different samples
at one occasion of measurement, e.g., different years of training), trend (survey of
different, but comparable, samples at different occasions of measurement), as well as
panel designs (longitudinal surveys in which a sample is repeatedly questioned at
different occasions of measurement) are suitable for analyzing competence develop-
ment. Independent of the research design, it must be ensured that the construct validity
is the central condition. Consequently, the comparability of the outcome variable or a
set of outcome variables across different samples (cross-sectional and trend) or at
different occasions of measurement (trend and panel) is of central importance (von
Davier et al. 2008). As a general rule, no change measurement methodology is free of
measurement errors. Rost (2004) calls this the “validity problem of measuring
change.” Each procedure has its own advantages and disadvantages, which have to
be weighed against the objectives of a study. Table 1 presents major challenges
associated with cross-sectional and longitudinal research designs.

In the past mean comparisons based on sum scores were common for the observation
of competence development; however, this approach does not meet the expectation of a
valid psychometric foundation. Recent research with validated psychometric procedures
primarily focus on the German VET system with its specific characteristics of the
so-called dual system. On the one hand, there are studies that analyze the development
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of basic competencies in prevocational training programs (e.g., mathematics, linguistics,
or natural sciences) (e.g., Weißeno et al. 2016; Behrend et al. 2017). On the other hand,
there are studies that aim tomeasure the development of domain-specific competencies in
selected occupations. Table 2 provides an overview of selected longitudinal studies
measuring the change in domain-specific vocational competence during the course of
training. These recent studies are methodologically acceptable, based on item response
theory (IRT), a probabilistic approach where the models and underlying assumptions are
verified in the process of scaling.

Methodological Differences in the Use of Cross-Sectional and
Longitudinal Study Designs for the Measurement of Competence
Development

In scientific psychometrics, different approaches exist for measuring competence
development. First, it should be noted that change can be observed and discussed
on two levels: the group level and the individual level. The specific research
interest and the study design determine which level should be addressed. For
large-scale assessments on the effectiveness of VET as a whole or the effectiveness
of selected training programs, a group-level observation may be sufficient; how-
ever, in most diagnostic processes, it is indispensable to obtain precise information
on the individual change in competences. Both methodical designs can be analyzed

Table 1 Challenges of different methodical designs for measuring competence development

Cross-sectional design/trend design Longitudinal design

Analytic
potential

Interindividual differences between
subgroups (e.g., differentiated by
years of training)

Interindividual differences between
occasions of measurement and
intraindividual development

Sample
requirements

Comparable samples in difficult
accessible test fields: In addition to
the usual comparison of subgroups
(especially by gender, level of
education, migration background,
socioeconomic status), VET faces the
challenge of cyclical economic
fluctuations that can lead to rapid
compensation effects in the training
market (Seeber et al. 2017).
Therefore, regional aspects of the
training market have to be compared
across the subgroups

Constant sample over time or
appropriate methods for use with
incomplete data sets

Test
instruments

Ensuring the measurement
invariance/construct validity

Ensuring the measurement
invariance/construct validity over
time
Risk of memory effects if subjects
answer an item multiple times at all
occasions of measurement within
short intervals of time
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by using item response theory models (e.g., von Davier et al. 2011; Meiser 2007).
Already the one-parameter logistic (1-PL) IRT model is suitable to analyze com-
petence developments (see Rasch 1960; Fischer and Molenaar 2012). This chapter
follows this approach. A crucial feature of this method is the representation of
person skills and item difficulties on a scale based on the response behavior of a
random sample.

To be able to evaluate competence-based test instruments with IRT models, an
essential condition is the use of suitable linking designs (see von Davier et al. 2008). A
common approach is to use anchor items. Studies with a cross-sectional design
use identical subgroup-overlapping items, and longitudinal studies use identical
occasion-overlapping items. These approaches are adopted in this chapter and are
explained in more detail below.

Table 2 Selected studies of the “research field” diagnosis of competence development in VET

Domain
reference Authors Sample/target group Focus

Methodical
approach

Commercial/
business

Rosendahl
and Straka
(2011a, b)

Bank clerks Domain-specific
competence

Longitudinal
study: IRT and
structural
equation
modeling

Klotz
(2015) and
Klotz et al.
(2015)

Industrial clerks Domain-specific
competence

Cross-sectional
study: IRT

Michaelis
(2017)

Freight forwarding
and logistics services
clerks

Competencies
toward
sustainable
operational
management

Longitudinal
study: IRT and
structural
equation
modeling

Industrial-
technical

Nickolaus
et al.
(2008,
2011)

Electronic technicians
– specializing in
energy and building
technology
Motor vehicle
mechatronics
technicians (only in
the study of 2008)

Domain-specific
competence

Longitudinal
study: structural
equation
modeling

Atik and
Nickolaus
(2016)

Plant mechanics Domain-specific
competence

Longitudinal
study: IRT

Abele
(2014)

Motor vehicle
mechatronics
technicians
Production mechanics
Electronic technicians
– specializing in
automation
technology
Mechatronic fitters

Domain-specific
competence

Longitudinal
study: IRT and
structural
equation
modeling
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An Approach to Analyzing Competence Development
in Cross-Sectional Designs

If anchor items exist between the considered subgroups, differential item functioning
(DIF) analyses (as a method for testing measurement invariance) can be used to
check subgroup differences both globally and at the item level. The basic assumption
of DIF analyses is to calculate item parameters specifically for the considered
subgroups within the Rasch analysis, such as trainees with different years of training.
By comparing these subgroup-specific parameters, differences in the difficulty
degree of a test instrument (global) or of items (local) can be derived for the
subgroups. At the item level, the DIF parameter generally indicates the deviation
from the average item difficulty in logit units. To calculate the item difficulty, the
estimate average and the subgroup-specific estimate must be added. A positive item
DIF parameter therefore means a higher item difficulty for the subgroup, whereas
a negative item DIF parameter indicates a lower item difficulty (Wu et al. 2007).

To assess the DIF effect, the recommendations of the National Educational Panel
Study (NEPS) will be considered. An absolute difference in the average item
difficulty greater than 0.4 and less than 0.6 is a weak effect, a difference greater
than 0.6 and less than 1.0 is a medium effect, and a difference greater than 1.0 is a
strong effect (Pohl and Carstensen 2012). A DIF parameter is considered significant
if it is at least twice as large as the associated standard error.

In accordance with expertise research (e.g., Dreyfus and Dreyfus 1980), it can
be assumed that apprentices will find it easier to answer items as the number of
years of training increases if the content of the items is implemented in curricula.
Accordingly, for this case, lower DIF parameters are expected during the training
program and can be interpreted as a positive development of competence. Klotz
et al. (2015) used this approach in cross-sectional study for commercial trainees.
Nevertheless, a high uncertainty remains with regard to the usability of these items as
anchor items in longitudinal designs, because the link assumption assumes the item’s
measurement invariance over time.

An Approach to Analyzing Competence Development
in Longitudinal Designs

However, the 1-PL Rasch model faces a challenge in the analysis of longitudinal data
with regard to the data structure. Due to the different occasions of measurement, the
classical structure, which consists of items and cases, is extended by a time-specific
third dimension. However, the three-dimensional structure can be resolved by a data
restructuring with virtual test persons or virtual items. In this particular context,
“virtual” means that the data of survey times n + 1 are added to the data set of t1 as
additional variables or test participants. However, the two procedures should be
viewed not as alternatives but as complementary methods. Data restructuring via
virtual persons enables analyses of temporal measurement invariance, which is
referred to in the literature as item parameter drift. In principle, the data set is treated
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with a cross-sectional design, and interindividual differences between the occasions
of measurement can be calculated via DIF analyses, as described above.

The advantage of longitudinal designs, however, lies in the ability to analyze
intraindividual competence development. For this purpose, the method of virtual
items has been developed. This approach requires the specification of a multi-
dimensional Rasch model. The items of each occasion of measurement form
a separate dimension. Put simply, items of the first occasion of measurement
form the first dimension, and items of the subsequent occasion of measurement
n + 1 form the n + first dimension. Corresponding models are based primarily on the
methods of Andersen (1985) and Embretson (1991). The main difference between
the two methods lies in the test booklet design. While in Anderson’s design, identical
items are used at all occasions of measurement (anchor items), Embretson’s method
allows occasion-specific items as well as anchor items. Embretson (1991) recom-
mends using all items at each test time but distributing them to different test booklets
so that a test participant answers each item only once. To implement a corresponding
procedure, IT-based test assessments should be used.

Based on the assumption of construct validity, anchor items should still measure
the same construct at later occasions of measurement in multidimensional models.
For this purpose, it is important to keep the item parameters of the anchor items
constant over time. This means that the anchor items receive the same item param-
eters for all occasions of measurement (parameter fixation). An essential aspect,
however, is that competence development is based solely on anchor items.
Additional occasion-specific items are used to improve the estimation quality of
personal parameters. However, in this method, it is important to select for the item
parameter fixation only anchor items whose stability over time is given. Therefore,
the analysis of item parameter drift should be advanced. A significant item parameter
drift of the anchor items can lead to inappropriate item fit values of the subsequent
Rasch scaling. Whether an anchor item is finally usable can be checked via the
subsequent Rasch scaling with item parameter fixations. The anchor items should
have acceptable item fit values after scaling.

Exemplary Presentation of Challenges of the Measurement
of Competence Development in VET

Methodology

The following example for the measurement of competence development in VET
refers to the latent construct of sustainability competencies in business processes.
The empirical analysis of competence development is focused on the specific
competence construct “acting in the sense of sustainability in the context of
operational management.” “Competence in sustainability management are
defined as a complex ability to act adequately in business contexts, in particular
to be able to take into account the medium- and long-term economical, ecological
and social – intra-company as well as external – consequences of (strategic and
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operational – the authors) management decisions” (Seeber et al. 2016). Sustain-
ability aspects are becoming increasingly important in sustainable development
education (Barth and Rieckmann 2016) as well as in VET. However, curricular
analyses show that in many German training programs, the implementation of
sustainability aspects is insufficient (Brötz et al. 2014). For the purpose of this
chapter, however, the complexity of this construct (Seeber and Michaelis 2014) is
limited to the declarative knowledge (see Shavelson et al. 2005) or conceptual
knowledge (see Anderson and Krathwohl 2001) regarding sustainability and
sustainability in business administration. In terms of content, the declarative
knowledge items asked about general principles of sustainability, i.e., theoretical
and widespread normative concepts, facts and their significance, the impacts of
currently discussed sustainability examples, and operational application possibil-
ities in companies (Michaelis 2017).

The final test instrument consists of 40 items. In terms of item design, the test
includes single- and multiple-choice items. The scoring is dichotomous. Accord-
ingly, subjects earn one point if they answer the item correctly. A total of 698 appren-
tices in a 3-year freight forward and logistic clerk training program were tested in
summer 2013. This training program provides a reasonable supply of training
offerings in Germany (to ensure an adequate sample size); additionally, the issue
of sustainability is becoming more and more part of the business models in the
logistic sector (Handfield et al. 2013). Therefore, it could be assumed that the
apprentices are familiar with topics of sustainability.

The survey was administered at the beginning of the school year. Trainees of all
3 training years were interviewed, so the data represented approximately 2 years of
training. In the sense of a cross-sectional analysis, differences in competence levels
between different training periods can be interpreted as competence development
within the training. In addition, 185 of 326 apprentices in the first year of training
were tested on two further occasions (summer 2014 and summer 2015). This sample
was used for the longitudinal analysis. Table 3 shows the main characteristics of the
tested sample.

Table 3 Main characteristics of the tested sample

Methodological
design

Year of
training

Sample
size

Age (mean/
median) Female

University
entrance
qualification

Number of
declarative
knowledge
items

Cross-sectional 1 326 20.9/20
(28 missing)

116/35.6% 249/71.1%
(3 missing)

20

2 164 21.9/21
(3 missing)

61/37.4%
(1 missing)

118/72.4%
(1 missing)

23

3 208 23.0/22
(2 missing)

82/39.6%
(1 missing)

145/70.4%
(2 missing)

23

Longitudinal 1–3 185 20.9/20
(4 missing)

71/38.4% 143/77.7%
(1 missing)

20 per
occasion of
measurement

Note: The characteristics of the longitudinal analysis refer to the first year of training
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The tests took place in four different vocational schools. Because the IT equip-
ment in the vocational school was limited, it was not possible to use IT-based test
software. Therefore, item rotations in the test booklets were not possible. For
economic reasons, not all trainees received all items. Trainees in the cross-sectional
sample answered 20–23 items. Trainees in the longitudinal sample received 20 items
per occasion of measurement, with 10 items held constant as anchor items between
the occasions of measurement.

To analyze the data, the 1-PL Rasch model by the ConQuest software program
was used. This program offers different coefficients for analyzing reliability and
construct validity, which are explained in the following:

• The estimate of item difficulty is given in logit units; in addition, the standard
error is specified.

• The expected a posteriori/plausible value reliability (EAP/PV reliability) “is [the]
explained variance according to the estimated model divided by total person
variance” (Draney and Wilson 2008, p. 425).

• The weighted means square (wMNSQ) indicates how accurately an item fit the
model. The expected value is 1.0. For multiple-choice tests, a wMNSQ between
0.8 and 1.2 is recommended (Bond and Fox 2007, p. 243).

• The T-value informs about the significance of the deviation from the perfect fit per
item. Values between �2.0 and 2.0 are recommended (Bond and Fox 2007,
p. 43).

• For the discriminatory power of an item, ConQuest reported the item-total
correlation. In this study, values of 0.2 are sought. In some cases, such as when
an item represents meaningful conceptual content, lower values are acceptable.

Results

Cross-Sectional Scaling
For the cross-sectional analysis, three Rasch scaling procedures were performed. To
check the construct validity of the test instrument, a general Rasch scaling over all
items was carried out first. Overall, the reliability of this test instrument is still
reasonable (EAP/PV reliability, 0.630). The item fit values (see Table 4, left col-
umns) also have good item properties. Only three items (1.1, 1.6, and 1.9) are

Table 4 Global DIF analysis for comparing the level of declarative knowledge regarding sustain-
ability and sustainability in business administration between the years of training

Items Year of training Estimate Error

1.1–1.12 1 �0.151 0.053

2 0.081 0.062

3 0.170 0.059

2.1–2.11 2 0.026 0.049

3 �0.026 0.049
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conspicuous, as their item-total correlation lies under 0.2. However, these values are
still acceptable due to the content-related focus of the items.

In the second step, two DIF analyses were calculated for the items that were
answered by trainees with different years of training. Accordingly, subgroup differ-
ences can only be calculated between the groups that received the same anchor items.
Apprentices of all training years answered items 1.1–1.12, and apprentices from the
second and third years of training additionally answered items 2.1–2.11. Table 4
displays the results on the global level, and Table 5 shows those on the item level in
Table 5 (right columns). In contrast to the interpretation of the local DIF estimates, the
lower the DIF parameter at the global level, the worse the individuals of the associated
subgroup performed in comparison to the other subgroups (Wu et al. 2007). With
regard to items 1.1–1.12, a decrease in test difficulty is observed with an increase in
training courses. At first glance, this finding is in line with the expectation.With regard
to items 2.1–2.11, there is only a marginal difference in sustainability-related knowl-
edge between apprentices in the second and third years of training.

However, the global subgroup difference can be assumed only if the associated
items show systematic discrimination between the subgroups. Accordingly, the level
of item difficulty would have to decrease with increasing training process. In
conclusion, negative DIF estimates are to be expected for higher years of training.

The DIF parameters show that the majority of item difficulties do not change
significantly between the years of training. All DIF parameters (except item 1.10
toward the third year of training) are below the weak level of 0.4 in terms of the
NEPS categorization described above. Only three items (1.1, 1.6, and 1.10) change
significantly as the number of years of training increases. However, two items have
an unexpected effect direction. Items 1.1 and 1.6 are significantly easier for trainees
in the first years of training than for the other trainees. Certainly, the local item
analyses only partially confirm the global findings. The global effect of the weaker
performance of the first year of training is understandable with regard to the absolute
number of stronger item parameters. Only 8 of the 12 items indicate a slightly higher
item parameter value for the first year of training. While there were only marginal
global differences for items 2.1–2.11 between the years of training, the DIF param-
eters show unsystematic drifts in the item parameters. The global result (a stable,
declarative knowledge achievement) arises because of mutually decreasing item
parameter differences between the subgroups.

Longitudinal Scaling
In the first step, the data of each occasion of measurement were individually scaled to
identify items containing measurement errors (see more differentiated information in
Michaelis 2017). Of the original 40 items, 5 items had to be excluded because of the
inappropriate fit of the values. One anchor item was below the adequate value, so the
number of anchor items was reduced to nine. Second, the data set was structured such
that the test participants of later occasions of measurement were treated as virtual
persons. To analyze the item parameter drifts between the occasions of measurement, a
DIF analysis was applied. The global-level results are shown in Table 6. Again, it can
be observed that the test difficulty decreases over the course of training.
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Table 5 Cross-sectional scaling results

1-PL Rasch model DIF analysis 

Item Estimate Error wMNSQ T Item-total cor. Average Training year 1 Training year 2 Training year 3 

Estimate Error Estimate Error Estimate Error Estimate Error 

1.1 2.494 0.126 1.04 0.4 0.15 2.697 0.130 −0.380 0.161 0.059 0.192 0.321  0.190 

1.2 0.204 0.081 1.05 1.9 0.28 0.298 0.082 0.044 0.107 −0.128 0.125 0.084 0.117 

1.3 1.572 0.096 1.03 0.6 0.26 1.722 0.097 −0.136 0.125 0.129 0.146 0.007  0.136 

1.4 -0.218 0.082 1.05 1.7 0.28 −0.133 0.084 0.080 0.108 −0.093 0.128 0.013  0.120 

1.5 -0.946 0.091 0.92 −1.8 0.47 −0.861 0.093 0.069 0.118 0.058 0.140 −0.127  0.134 

1.6 1.806 0.101 1.06 0.9 0.19 1.983 0.104 −0.291 0.131 0.120 0.156 0.171  0.148 

1.7 −1.238 0.097 1.00 0.1 0.31 −1.166 0.100 0.099 0.126 0.017 0.151 −0.116 0.144 

1.8 0.237 0.081 0.97 −1.2 0.41 0.338 0.082 0.092 0.107 0.079 0.125 −0.171  0.117 

1.9 −1.857 0.116 1.04 0.5 0.19 −1.789 0.119 0.094 0.148 0.042 0.179 −0.136  0.173 

1.10 −1.173 0.096 0.97 −0.5 0.35 −1.170 0.102 0.360 0.125 0.062 0.151 −0.422  0.152 

1.11 −1.083 0.094 0.91 −1.9 0.52 −0.973 0.095 −0.132 0.122 −0.055 0.145 0.187  0.133 

1.12 −0.996 0.092 0.91 −2.1 0.50 −0.946  0.096 0.101  0.121 −0.290  0.150 0.189  0.133 

2.1 1.338 0.121 1.04 0.8 0.22 0.935 0.117   −0.204 0.116 0.204  0.116 

2.2 0.534 0.109 0.97 −1.1 0.44 0.138 0.106   −0.224 0.106 0.224  0.106 

2.3 2.070 0.145 0.98 −0.1 0.29 1.663 0.139   −0.077 0.138 0.077  0.138 

2.4 0.274 0.108 1.00 0.0 0.36 −0.103 0.106   −0.088 0.105 0.088  0.105 

2.5 −1.191 0.130 0.98 −0.2 0.36 −1.517 0.126   0.046 0.125 −0.046  0.125 

2.6 1.322 0.120 1.06 1.1 0.20 0.925 0.116   −0.103 0.116 0.103  0.116 

2.7 1.045 0.115 1.02 0.5 0.29 0.649 0.111   −0.148 0.111 0.148  0.111 

2.8 −1.211 0.132 1.04 0.5 0.25 −1.525 0.128   0.165 0.127 −0.165  0.127 

2.9 1.307 0.120 1.04 0.8 0.26 0.983 0.120   0.353 0.120 −0.353  0.120 

2.10 0.979 0.114 1.01 0.3 0.30 0.593 0.110   −0.037 0.110 0.037 0.110 

2.11 −2.435 0.195 0.99 −0.0 0.26 −2.741 0.188 0.315 0.186 −0.315 0.186

3.1 −0.929 0.133 0.93 −1.1 0.50

3.2 −1.002 0.135 0.96 −0.7 0.44

3.3 0.711 0.124 1.04 0.9 0.28

(continued)
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The anchor items of the declarative knowledge test have a globally signif-
icant subgroup difference and show a significant decrease in difficulty over the
course of training. This decrease is most pronounced between occasion times t1
and t2. At the item level (Table 7), three of the nine anchor items show a
significant item parameter drift. These are items A7, A8, and A10 at t1 and t3.
At this time, these items should not be excluded but should be observed within
the longitudinal scaling. As mentioned before, a significant item parameter drift
is merely an indicator of potential measurement errors of item parameter
fixation. Therefore, whether a potential impairment of the measurement model
arises is examined below via a longitudinal scaling with item parameter
fixation.

Third, the longitudinal scaling is performed by modeling each occasion of
measurement as a separate dimension (virtual item structure) and using the item
parameter fixation of anchor items. After the deviance (an indicator for assessing
the quality of the Rasch model; see Wu et al. 2007) was compared, the best model
fit was obtained when the anchor item parameters of the second occasion of
measurement from the time-specific individual scaling were used as the item
parameter fixation. In the following, only the results of the final scaling are
discussed (for the final results of the scaling, see Michaelis 2017, p. 344f). In
addition to the abovementioned exclusion of five items, nine additional items were
excluded from the scaling due to insufficient item fit values during the longitudinal
scaling. A few item parameter fixations were also removed as they resulted in
inappropriate item fit values. This mainly concerns the items that were observed in

Table 5 (continued)

3.4 −1.057 0.137 0.95 −0.7 0.45

3.5 −1.020 0.136 0.95 −0.7 0.42

3.6 −0.326 0.123 1.03 0.8 0.32

3.7 0.790 0.125 0.99 −0.2 0.40

1-PL Rasch model DIF analysis 

Item Estimate Error wMNSQ T Item-total cor. Average Training year 1 Training year 2 Training year 3 

Estimate Error Estimate Error Estimate Error Estimate Error 

Note: One item of the 1-PL Rasch model has been deleted for better scaling results. Conspicuous
item fit values are highlighted in bold. Significant DIF parameters are grayed out

Table 6 DIF analysis for
comparing the development
of item parameter drift on a
global level (Michaelis
2017, p. 205)

Occasion of measurement Estimate Error

t1 �0.304 0.058

t2 0.127 0.058

t3 0.177 0.058
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the item parameter drift analysis. The final scaling is reasonable to good scores in
terms of item fit values and reliabilities (EAP/PV reliability, 0.689 (t1), 0.708 (t2),
0.733 (t3)). Only two items stand out with an item-total correlation under the
recommendations of 0.2. For content-related reasons, however, these items are
kept in the analysis.

The longitudinal survey design allows the calculation of the latent variances and
correlations as an indicator of the stability of declarative knowledge about sustain-
ability over time. The results, including those in Table 8, show a strong correlation
between the occasions of measurement. Accordingly, interindividual differences in
intraindividual development are less pronounced.

Comparison of Scaling Results of Cross-Sectional and Longitudinal
Research Design

Based on the previous results, the competence developments of both research
designs are compared in Table 9. For this purpose, Warm’s mean weighted likeli-
hood estimates (WLE) as an estimator for a persons’ ability (Warm 1989) were
z-standardized per research design (mean value = 500, standard deviation = 100),
and the effect sizes of the change (Cohen’s/Hedge’s d) were calculated. The effect
sizes were calculated as the relative mean difference in the z-standardized WLE
person ability scores between the higher and the lower occasions of measurement on
the mean total standard deviation (Howell 2013). Hedge’s d is similar to Cohen’s d,
but it calculates the effect size for subgroups of different sizes. The comparison
shows that with a continuous training process, the performance on the declarative
knowledge test regarding sustainability and sustainability in business administration

Table 7 DIF analysis for the identification of items in the declarative knowledge test, which have
an item parameter drift between the occasions of measurement. (Based on Michaelis 2017, S. 206)

Item
Estimate 

(average)

Error 

(average) Estimate (t1) Error (t1) Estimate (t2) Error (t2) Estimate (t3) Error (t3)

A2 (1.3) 1.266 0.094 −0.107 0.134 −0.088 0.129 0.195 0.132

A3 (1.4) −0.328 0.087 −0.131 0.122 0.081 0.123 0.050 0.123

A4 (1.5) −1.142 0.100 −0.022 0.136 −0.151 0.145 0.173 0.140

A5 (1.6) 1.651 0.102 −0.258 0.143 0.167 0.143 0.091 0.141

A6 (1.8) 0.025 0.085 −0.084 0.120 0.066 0.120 0.018 0.120

A7 (1.12) −0.886 0.094 −0.367 0.133 −0.056 0.135 0.423 0.130

A8 (3.3) −0.448 0.094 0.817 0.127 −0.085 0.130 −0.733 0.139

A9 (3.2) −0.369 0.087 −0.186 0.122 −0.030 0.124 0.217 0.123

A10 (3.7) 0.230 0.086 0.339 0.123 −0.095 0.121 −0.333 0.123

Note: Significant DIF parameters are grayed out
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increases. The greatest increase in knowledge is measured between the first
and second years of the training program in both research designs; however,
there is a stronger effect in the longitudinal study. One explanation may lie in the
larger number of anchor items in the cross-sectional study design and the stronger
unsystematic developments of their item parameters (see Table 4, left columns),
which could lead to a reduced knowledge development in the cross-sectional design.
The above-average improvement during the first year of the training program is
congruent to curricular analyses that suggest the importance of developing compe-
tencies regarding sustainability in the freight forwarding and logistics clerk occupa-
tion (Michaelis 2017). Between the second and third years of training, the
longitudinal study shows a weak but positive effect. In the cross-sectional data set,
there is even a weak deterioration in performance between the second and third years
of training.

In addition to the comparison of competence development using different
research designs, it is possible to consider item parameter differences as well as
the development of the items that were used in both study designs (cross-sectional
and longitudinal) at all occasions of measurement. Five items fulfill this condition,
for which a new DIF analysis is calculated. Therefore, the data of the second and
third occasions of measurement of the longitudinal study were again structured as
virtual persons and matched with the data of the cross-sectional study. Table 10
includes the results of the DIF analysis.

The DIF effects of the five-item twins from the different study designs show only
slightly pronounced item parameter drifts between the individual occasions of
measurement or years of training. Nevertheless, the comparison of the item

Table 8 Latent covariances (top right) and correlations (bottom left) between the occasions of
measurement of the declarative knowledge test (Michaelis 2017, p. 218)

Occasion of measurement t1 t2 t3

t1 0.393 0.423

t2 0.702 0.412

t3 0.626 0.797

Table 9 Comparison of competence development between cross-sectional and longitudinal
research designs

Subgroup N WLF (mean) SD
Cohen’s/Hedge’s d to
previous year of training

LS (t1) 185 466.497 107.233

LS (t2) 185 511.292 86.246 0.460

LS (t3) 185 522.211 97.049 0.119

CS (first year) 306 488.057 109.456

CS (second year) 164 513.507 93.548 0.244

CS (third year) 208 506.920 88.080 �0.073

Note: CS, cross-sectional study; LS, longitudinal study
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parameters makes it clear that depending on the study design, different (but usually
only slightly pronounced) item parameters and developments can be measured. The
most noticeable difference between the study designs is the development of the item
parameter of the five-item twin, which compares items 1.12 and A7. However, the
absolute item parameter difference of only 0.341 logits between items 1.12 and A7
toward the third year of training is rated as a low effect.

Discussion

As this chapter emphasized, the diagnosis of competence development in VET is
a research gap. As clarified, the challenge of a valid change measurement is one of
the main reasons for this research gap. Although there are comprehensive recom-
mendations for measuring competence developments (e.g., von Davier et al. 2008,
2011), concrete measurement standards could not prevail in VET so far. Previous
studies in VET differ mainly in their methodological design. The majority of VET
studies aiming to measure competence development use longitudinal designs (e.g.,
Abele 2014; Atik and Nickolaus 2016; Rosendahl and Straka 2011a; Michaelis
2017; Nickolaus et al. 2008, 2011). In contrast, there are cross-sectional designs
(Klotz 2015; Klotz et al. 2015), which are less common so far. However, both
approaches have their own potential and advantages as well as aspects that promote
measurement errors (see Table 1). The assets and drawbacks of the measurement
approach have to be weighed against the objectives of a study. Hence, in the present
analysis, psychometric issues of cross-sectional and longitudinal research designs
were considered by the example of an instrument for measuring declarative knowl-
edge regarding sustainability and sustainability in business administration. The
analysis revealed the following findings:

Table 10 Comparison of item parameter development between cross-sectional and longitudinal
research designs (DIF analysis)

Item
twin Design

Average
Year of training
1/t1

Year of training
2/t2

Year of training
3/t3

Estimate Error Estimate Error Estimate Error Estimate Error

1.3 CS 1.657 0.067 �0.091 0.123 0.247 0.159 0.121 0.141

A2 LS �0.053 0.147 �0.157 0.140 �0.067 0.143

1.4 CS �0.143 0.058 0.021 0.109 �0.092 0.142 0.012 0.128

A3 LS 0.032 0.132 0.136 0.134 �0.109 0.135

1.5 CS �0.946 0.066 0.063 0.117 0.120 0.154 �0.079 0.142

A4 LS 0.089 0.143 �0.160 0.156 �0.033 0.149

1.8 CS 0.287 0.058 0.089 0.108 0.139 0.139 �0.122 0.126

A6 LS 0.028 0.131 0.064 0.132 �0.198 0.132

1.12 CS �0.855 0.065 �0.082 0.117 �0.414 0.164 0.067 0.138

A7 LS �0.096 0.144 0.116 0.147 0.408 0.139

Note: CS, cross-sectional study; LS, longitudinal study
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• The greatest increase in declarative knowledge arises between the first and second
years of the training program. However, the effect in the longitudinal research
design is stronger than that in the cross-sectional research design.

• The comparison of the development of the items, which were all used in both
survey designs for all occasions/training years, produced comparable results, with
some individual occasion-specific deviations.

These differences can have a variety of methodological explanatory backgrounds.
Therefore, causes are identified, and recommendations for the measurement of
competence development in VET are briefly outlined in the following.

A substantial methodological difference is that the selection of anchor items in the
two study designs differs. The cross-sectional research design includes 12 anchor
items between all 3 subgroups and another 11 anchor items between the second and
third years of training. The anchoring in the longitudinal study, however, is based on
only five to seven items per measurement occasion. For both longitudinal and cross-
sectional research designs, it is questionable whether the selection of anchor items
represents a representative selection of items for measuring the declarative knowl-
edge development regarding sustainability and sustainability in business adminis-
tration. Using an IT-supported test procedure with the function of randomly
distributing items on test booklets could improve the quality of the measurement
for both research designs.

The sample can also be determined critically. In the longitudinal section, only
persons who participated in all occasions of measurement were considered in the
analysis. The representativeness of the sample can be limited by this (risk of
selection effects). Here, however, imputation methods could be used to work with
incomplete data sets. The cross-sectional sample is also problematic in terms of
subgroup comparability. Particularly in the case of changing training market situa-
tions, the comparison of subgroups may be limited. In the case of changing critical
comparison features, weighting methods would be recommended.

It is conspicuous for both research designs that unsystematic developments of the
item parameters were measurable. To a certain degree, curricular analyses could
explain item-specific difficulty-reducing developments (especially with regard to
environmental aspects, which are anchored in the curriculum during the first year of
training; Michaelis 2017). The finding that items become more difficult over the
course of the training program must be attributed to memory barriers or oblivion
processes. It could be assumed that corresponding concepts were acquired during
previous educational processes (especially in general education) or perhaps informal
learning processes (such as media contributions) but are less present during the
training process. On the other hand, this result is compatible with critiques that
training programs in Germany insufficiently support holistic sustainability aspects
(Brötz et al. 2014). Despite partial curricular anchors, the promotion of
sustainability-related competencies is more facilitated by the voluntary initiatives
of training institutions. This makes it much more difficult to use cross-sectional
study designs, as it is not possible to ensure comparability with regard to the content
and quality of learning processes.
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Conclusion

The explanations in this chapter are concentrated on aspects on the psychometric
challenges to measure development in domain-specific knowledge of future business
administration clerks. Considering the previous aspects, it becomes clear that both
methods can generate data that could contain measurement errors. However, the
choice of the survey design also depends on the analysis objective. It is possible that
the analysis of intraindividual developments is only possible via longitudinal
research designs. Additionally, with regard to the analysis of explanatory contexts
(e.g., relationships to affective-motivational dispositions), longitudinal studies are
superior to cross-sectional studies. Complex structural relationship models can be
computed if explanatory features have been tested with regard to the respective
occasions of measurement.

A second challenge was mentioned in the introduction: the multiple influencing
factors. Domain-specific competence development is not only a result of structured and
intended learning processes in vocational schools and training companies but also of
informal learning opportunities at workplaces and in private life, especially the discussed
competence development in the domain of sustainable business processes. Competence
measurement in VET is not an end in itself; rather the aim is to improve learning and
training opportunities to support the individual competence development. Therefore,
individual prerequisites at the beginning of training in particular knowledge, attitudes,
motivation, prevocational experiences, social and cultural backgrounds, etc. and struc-
tured learning opportunities as well as nonformal and informal learning during the
course of training have to be considered in research designs. A second aspect has to be
taken into account in the future research on competence development: the measurement
of noncognitive competence facets. Most studies avoid the integration of motivational
and emotional competence facets, beliefs, and attitudes. Themain reason for this specific
research lack lies in the difficulty of their simultaneous measurement and in the lack of
appropriate psychometric methods for such complex research designs. First research
efforts can be observed by using the experience sampling method (see Rausch et al.
2016), albeit not yet in a longitudinal design.
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