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Abstract
The use of information and communication technologies (ICT) profoundly impacts industry and work. It therefore is important for vocational education and training to emphasize on the development of digital competences. However, we still know very little
about how these skills are distributed among students in vocational education and training (VET) in general, and the so-called ‘cooperative study programmes’ (CSP) in particular. CSPs combine vocational education components with university coursework leading up to a journeymen certificate and an academic degree simultaneously. This study
analyses the digital competences of first-year students in a business-focussed CSP at the
Baden-Wuerttemberg Cooperative State University (DHBW) in Germany, using a German version (the D21-Index) of the European framework for digital competences
(DigComp) to assess students’ competence levels. A latent profile analysis revealed four
competence profiles (reserved digitised, reserved appreciative, constructive digitised,
and reflective digitised). Interestingly, our subsequent analysis showed that none of the
student characteristics we assessed turned out to be distinctive for any of the four profiles. Considerations of relevant inset points for VET institutions nationally and internationally to develop tailored support of digital competence development of their students
are integrated in the conclusions.
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How student characteristics affect cooperative students’ digital competences

Introduction
With the growing ubiquity of digitalisation and Information and Communication
Technologies (ICT) in everyday life, ICT-competences have become a basic requirement to actively participate in society (Balsmeier & Woerter, 2019; Brynjolfsson & McAfee, 2017; Kurz & Rieger, 2013). Furthermore, technological advancements and the increased availability of ICT resources have changed traditional
learning and working environments and will continue to do so in the future (Siddiq & Scherer, 2019; Skryabin et al., 2015; Hu et al., 2018). Impacting on many
occupational fields and professions, digital skills and competencies are expected
to be one of the major driving forces for innovation and competitiveness. For this
reason, digital knowledge is now in demand for almost every apprenticeship
area.
In vocational education and training (VET) contexts, digital media typically
presents a strong fusion of methodological and content-related knowledge. This
is particularly true when digital media are present as a blend of the apprentice’s
working environment and that of her or his vocational school. For example,
working with an established company software for accounting in commercial
VET or programming logic controllers (SPS) is a non-resolvable amalgamation of
simultaneously learning for and with digital media. Against this background,
learning venues must be outfitted with the latest technological developments
and, ideally, will change dynamically in response to shifting processes. This applies both to the latest technology and the corresponding learning scenarios.
The following sections offer a brief overview of the German vocational and
cooperative educational system, before moving on to take a closer look at current
research findings on digital competences in VET and CSP.

The vocational and cooperative educational system in Germany
Traditionally in Germany, after completing their compulsory education, school
students must decide whether to continue on to general upper secondary school
(Gymnasium) leading to the university entrance qualification ‘Abitur,’ or opt for
a vocational apprenticeship leading to a journeyman certificate. Vocational apprenticeship combines specific on-the-job training in a partner company with a
general vocational education in a vocational school (representing 3/5 and 2/5 of
the student’s apprenticeship time, respectively). An apprenticeship traditionally
lasts three years. Graduates from an apprenticeship typically hold a journeymen
certificate and generally have good perspectives in the labour market.
Despite these advantages, vocational education in Germany currently faces
major challenges. Interest in vocational education in Germany has decreased
over the past 20 years (Baas & Baethge, 2017), such that, in 2016 alone, there was
a 25% rescission of apprenticeship contracts (Federal Institute for Vocational
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Education and Training, 2018; Federal Ministry of Education and Research, 2018).
One explanatory factor behind this waning interest in VET programmes may be
the growing lack of connection between vocational school and practical on-thejob training components of such programmes. In many cases, communication between school and company is infrequent and/or unsatisfying for partner companies. In this context, skills and professional knowledge are coordinated and transmitted in a less than optimal way – a particularly frustrating experience for both
the apprentice and the company responsible for providing training (Schulze
Heuling, 2017). Another reason may be the scarcity of candidates for apprenticeship posts, as many of the companies willing to train new apprentices cannot find
eligible candidates for their open positions. Yet another factor may be the fact
that structural changes in the economy towards service-orientated professions
has changed the set of skills that are now required of new employees. At the same
time, some service sectors have witnessed an increasing rise in the numbers of
people working without professional training (Seeber & Seifried, 2019). Keeping
in mind that training is increasingly geared towards the so-called ‘Fourth Industrial Revolution’ (Industry 4.0) and advanced ICT skills, it is noteworthy that
many vocational schools in Germany often have antiquated teaching equipment.
This was also found to be the case for IT-related apprenticeships, such as IT-supporter (Schulze Heuling, 2018). In such a situation it is very demanding for VET
teachers to offer up-to-date education that relates to the latest changes in job-related ICT developments.
Cooperative study programmes in Germany
In Sweden, all VET programmes in upper secondary school have the opportunity
of basic eligibility to higher education. And earlier (1994–2011), courses that gave
basic eligibility for higher education were compulsory in Swedish VET programme in upper secondary school. Norway and Denmark offer joint programmes in which students can simultaneously earn their baccalaureate and a
journeyman certificate. The Yrkes- og studiekompetanse programme (YSK) in Norway leads to ‘both a craft- or journeyman certificate and a general education qualification at EQF level 4 after completion’ (Haukås & Skjervheim, 2018, p. 22). Students within the YSK receive a salary from the industrial partner right from the
beginning (a salary for the training times in enterprise is given from day one,
after two years they are legally apprentices with salary accordingly) (Haukås &
Skjervheim, 2018, pp. 22–23). The eux programme, erhvervsuddannelse og gymnasial eksamen, in Denmark combines a general upper secondary education with a
vocational education and training. It lasts between three and four years, depending on previous experience of the candidate (Undervisningsministeriet, 2019).
Germany’s comparable joint programme – cooperative education – is offered
at a later educational stage. The German cooperative education model combines
a vocational education programme leading to the journeyman certificate with a
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bachelor-level university degree programme (Graf et al., 2014). With this type of
education, companies and universities of applied sciences develop special learning environments for their students, with the university delivering the more general and theoretical input and the partner company providing the practical dimensions of the student’s chosen profession (Reinhard & Pogrzeba, 2016).
Cooperative education is relatively uncommon and varies internationally, for
example in terms of its format and scope. Studies from Coll and Zegwaard (2011),
Graf (2013), and Reinhard, Pogrzeba et al. (2016) found that a common characteristic shared by all CSPs is that they require a minimum level of student work
experience in the partner company. They further find an apparent international
consensus among CSPs to avoid changing or reforming the CSP curricula too
quickly such that short-term trends can be distinguished from long-term developments. In this way, the institutions involved expect to ensure that their benefits
are not restricted to the short term.
The Baden-Wuerttemberg Cooperative State University (DHBW) is one of the
largest institutions for cooperative education in Germany, offering CSPs in small
cohorts of up to 30 students. Currently, it offers nearly 34,000 enrolled students
bachelor’s degree programme options in three majors: business administration,
engineering and social work. Figure 1 shows the two main routes for enrolling at
the DHBW, based on the prerequisites of the German tertiary education system.
The first and most common route is for students to take the general university
entrance examination (Abitur) and then go on to start their cooperative stud. The
second route, for those students who possess only the lower Abitur or ‘Fachhochschulreife,’ is to take an entrance examination (Deltaprüfung) before starting
cooperative study.
The DHBW degree programmes award students a total of 210 European Credit
Transfer System (ECTS) points distributed over six semesters. By comparison, the
average number of ECTS for a bachelor’s degree at a German university is 180.
Additionally, DHBW apprentices spend half of their time at the university and
half of their time with the partner company, shifting venues every three months.
In contrast to a typical CSP (Figure 2), the DHBW does not provide students with
a company training position; rather, it requires them to show proof of an apprenticeship contract with a company that is willing to train them as an institutional
partner in accordance with the CSP requirements, as a prerequisite for enrolling
in one of its CSPs.
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Figure 1. The German education system. The Baden-Wuerttemberg Cooperative State University
(DHBW) belongs to the category ‘ University of Applied Sciences / Vocational Academy’
within the German education system (see red arrow). Image: Education GPS, OECD, downloaded
November 25, 2020, from http://gpseducation.oecd.org).
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In contrast to apprenticeships, the number of students in CSPs in Germany is
increasing (Wolter, 2016). In 2019, a record 108,202 students enrolled in CSPs,
compared to 64,358 in 2013 (Hofmann et al., 2019). There are many reasons why
students opt for a CSP after completing their secondary school studies. One benefit, for example, is that students in CSPs receive a monthly salary for the entire
duration of their bachelor’s degree studies. The company must pay this salary
even during the academic training phases. Since they have the status of regular
apprentices, they also benefit from vacation entitlement and insurance protection. After graduating from such a programme, these students expect higher salaries and access to positions with better career options than graduates from other
higher educational programmes.
And the figures do them right. Research on graduates of the DHBW show that
they enjoy higher employability and job security rates than students from other
universities. Nearly 83% of the students graduating from a CSP are offered a permanent position by their corporate partner (Statistisches Landesamt BadenWürttemberg, 2016). In return, the companies also reap many benefits from CSPs.
For example, CSP students carry out company tasks as part of the practical work
required for the academic degree. By the time they graduate, these students are
already skilled workers who have been specifically trained to meet the needs of
their companies. For the corporate partner companies, this setup means lower
staff turnover and reduced recruitment costs. In essence, CSP graduates require
only a very short period of vocational adjustment in order to become productive
employees (Braunstein et al., 2011; Reinhard & Pogrzeba, 2016). Overall, CSPs
have a high reputation in Germany and their popularity is increasing (Kramer et
al., 2011).

Figure 2. Study model of the Baden-Wuerttemberg Cooperative State University (cf. Wild
& Neef, 2019).
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What we know about student characteristics in CSPs
Despite their attractiveness and obvious advantages, CSPs also carry a heavy and
demanding workload. Nevertheless, the commitment to the partner company
and the students‘ personality seem to be influencing factors to prevent high dropout rates (Wild & Schulze Heuling, 2020a). Which brings us to the question: what
kind of people opt to enrol in a CSP? In a recent panel study, we surveyed the
BIG-5 personality traits of several hundred students enrolled in a CSP and found
highest scores for the characteristics ‘openness’ and ‘extraversion’ (Wild &
Schulze Heuling, 2020a). Kramer et al. (2011) found that cooperative education
students tend to have a lower socio-economic background than other university
students. At the same time, students in cooperative education programmes have
higher cognitive abilities (as shown by assessment tests) and higher university
entrance scores than do students from other higher education institutions. Researchers also found that cooperative education students tend to prefer the practical element of their studies, taking on the academic portion of the programmes
mainly in order to improve their future salary and career options (Kramer et al.,
2011; Weich et al., 2017). Furthermore, Weich et al. (2017) report a higher level of
self-confidence among cooperative education students, and Kupfer (2013) notes
that, in comparison to other students, cooperative students are more convinced
of their independence and their motivation to study.

Students’ digital competences: Findings in the literature
Most research on digital competences focuses on primary and secondary education. Siddiq et al. (2016) show this in their review of assessment instruments in
this area. However, there is a small corpus of related research on VET and CSPs.
General findings
Smith et al. (2013) summarize that in most countries upper secondary school students lack the information literacy proficiency required to succeed in the postsecondary educational environment. Specifically, for Germany, Senkbeil et al.
(2019) in their recent study use data derived from the German National Educational Panel Study (NEPS) and show that a high proportion of first-year students
(20%) and sixth-semester students (52%) do not meet the foundation level requirement. The both groups show differences in their ICT-related competencies,
depending on their areas of study and gender.
There are some empirical results for secondary school education in the Nordic
countries. In a multilevel analysis with Norwegian seventh grade students, for
example, Hatlevik et al. (2015) found that mastery orientation and self-efficacy
(motivation) and the student’s family background (language integration and the
number of books at home) were predictors of students' digital competence levels.
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Kaarakainen et al. (2017) found a gender effect among students in Finland’s ninth
grade. In their study, boys tended to get better scores on more technically oriented items, whereas girls received better scores on items related to schoolwork
and social interaction. Regarding research on teachers in Norway, Hatlevik and
Hatlevik (2018) show that teacher self-efficacy and collegial collaboration had a
positive effect on the use of ICT in their teaching practice.
Digital competences in VET and cooperative education
Comparisons of ICT usage in European schools reveal certain differences by
country. For example, laptop use in Sweden in educational settings has been
shown to be higher than the European average. Furthermore, in Swedish vocational education the provision and use of both school desktop or laptop computers and the use of ICT instructional equipment exceeds not only the European
average, but also that of Swedish schools in general (Survey of Schools: ICT in
Education, 2012). In an earlier comparative study of European countries, Mc
Cullough et al. (2002) found that Finland and Sweden have the highest classroom
instruction time in VET spent with ICT (67% and 76%, respectively). Concerning
the comparative digital competences of VET students versus CSP students, Wild
and Schulze Heuling (2020b) found that students in VET tend to have lower digital competences than CSP students. Nevertheless, they found no solid demographic predictors in their data influencing the development of digital competences.
Furthermore, VET researchers (de Witt, 2012) point out that digital media competencies relevant to certain professions are still primarily acquired by the apprentices informally. Thus, they conclude, it is all the more important for foundational ICT competences in VET to target the appropriate learning context and
that they be embedded in innovation strategies. Burchert and Schulte (2014) present an overview on how the internet can support VET education, but their focus
does not allow them to address some key issues, such as the existence of special
learning apps for VET. All in all, there is a need for further research and innovation in VET, ICT usage, and digital skills. Professional and personal competence
of those involved remains decisive for the sensible use of digital media and promoting digital competences in VET.
In a recent literature review Kämäräinen et al. (2019, p. 193) emphasised that
both students and teachers in VET need better digital competences, concluding
that further steps are required to promote digital literacy in VET education. These
are: i) shaping outreach activities to promote innovations (in using digital tools)
to wider education and training contexts, ii) reflecting on challenges posed by the
learning behaviour of older and younger learners vis-à-vis the introduction of
digital tools, and iii) using generic and overarching frameworks and/or contextspecific training models to shape CPD initiatives. In addition to the prerequisites
of the teachers, training site, and vocational school, however, there are other
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factors influencing the formation of digital competences. One related theory concerns the so-called ‘digital divide.’
The digital divide
The term digital divide is tied with the concept of social inequalities (Ragnedda
& Muschert, 2018). The core findings are differences in access to and use of ICTs
depending on population segment characteristics and country (Castells, 2001; DiMaggio et al., 2001; Rowsell et al., 2017; Witte & Mannon, 2010).
Most studies reveal a gender gap with respect to digital competences and
show a correlation between socioeconomic status (SES) and ICT literacy among
all levels of education. For example, Scherer and Siddiq (2019) show in a metaanalysis that girls perform better than boys on performance-based ICT literacy
assessments (g = .12). But most studies show that men outperform women in
terms of access to digital resources and general digital competences (Cooper,
2006; Davaki, 2018). Focusing on SES, Scherer and Siddiq (2019) conducted a
meta-analysis among K-12 students. They found a correlation between SES and
ICT literacy with r = 0.21.
Research also points out that the patterns of digital divide transgress into VET
and higher education (Murray & Pérez, 2014; Wild & Schulze Heuling, 2020b).
Therefore, we will also pay attention towards the question if the skills gap among
students related to SES and gender reproduces in this study. If so, this would
require attention from teacher educators and higher education institutions (Goldhammer et al., 2016; Kaarakainen et al., 2017). It is, therefore, important to understand the interrelationships between ICT use, learning and development, and
learning conditions (Canchu & Louisa, 2009; Tadesse et al., 2018).

The digital competence framework of this study
To assess students’ digital competences, this study draws on a German version
(D21-Index, Figure 3) of European digital competence framework DigComp (Ferrari, 2013). The DigComp framework has five competence dimensions: (1) information and data literacy, (2) communication and collaboration, (3) digital content
creation, (4) safety and (5) problem solving (Table 1).
Information and data literacy are defined as the ability to identify, locate, retrieve, store, organise and analyse digital information. An advantage of this competence is that it allows an individual to judge the relevance and purpose of information and data.
Communication and collaboration are based on sharing resources through
online tools and collaborating through digital tools with other people in the digital environment. An interaction with and participation in communities and networks exists, as well as the need for cross-cultural awareness.
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Digital content-creation is the creation and editing of new content (from word
processing to images and video). This ability focuses on creative expression, media output and programming. Dealing with and applying intellectual property
rights, as with licenses, is also an important aspect.
The dimension safety is of great importance, due to the need for personal protection, data protection, digital identity protection, security measures, safe and
sustainable use of digital technologies.
Problem solving involves the skill of identifying digital needs and resources.
Informed decisions on the most appropriate digital tools should be made in accordance with the proposed purpose or need. Conceptual and technical problems
can be solved through digital means. A creative use of technologies and updating
one’s own and other's competences are important skills in this dimension.

Figure 3. Overview of the five competences according to the European framework of digital competences DigComp.

Aims of the current study
Analysing data from first-year students is especially important, as this
knowledge can be used to adjust the curricula for the subsequent study years.
With this in mind, we sought to identify the digital competence levels of first year
CSP business students. Furthermore, we explored whether the effects of the digital divide applied to our sample.
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Table 1. A summary of the DigComp competences and the description, according to Ferrari (2013).
Dimensions of competence

Description

Information and data literacy

Locate, retrieve, identify, store, organise and analyse
digital information, judging its relevance and purpose.

Communication and collaboration

Communicate in digital environments, share resources
through online tools, link with others and collaborate
through digital tools, interact with and participate in
communities and networks, cross-cultural awareness.

Digital content-creation

Create and edit new content (from word processing to
images and video); integrate and re-elaborate previous
knowledge and content; produce creative expressions,
media outputs and programming; deal with and apply
intellectual property rights and licences.

Safety

Personal protection, data protection, digital identity
protection, security measures, safe and sustainable use

Problem solving

Identify digital needs and resources, make informed
decisions on most appropriate digital tools according
to the purpose or need, solve conceptual problems
through digital means, creatively use technologies,
solve technical problems, update own and other’s competence.

Method
Design
We collected data from a survey with 413 participants in a cross-sectional design.
The sample participants were selected from a cluster sample. This was obtained
by asking the person responsible for the courses industry trading and industrial
management in the bachelor programme of DHBW in the outposts Karlsruhe,
Loerrach and Ravensburg to distribute questionnaires to their complete cohort of
freshmen. Questionnaires were returned to the head of the research project. An
exact response rate cannot be given, due to this procedure, because we do not
know how many students in total were actually present in each class.
The survey was completed during the lecture period, from November 2018 to
March 2019, using a paper and pen questionnaire. A privacy policy was adhered
to and participation was voluntary. No incentives were given.
In the sample, 59.7% of the participants were female students, 39.6% were
male, and 0.7% could not be assigned as male or female (diverse). The mean of
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age of sample participants was M = 20.45 (SD = 1.87). 95.9% of the participants
were in their first academic year.
Table 2. Student characteristics and mean values for n = 413 participating students.
Item

Proportion /
Mean (M) with Standard deviation (SD)

Age

M = 20.45
(SD = 1.87)

Social Background*

M = 6.35
(SD = 1.58)

Vocational apprenticeship
Yes
No

30%
70%

University entrance qualification
Yes
No

85%
15%

Parents with an academic background
Yes
No

48%
52%

Year of graduation from school
2016 or before
2017
2018

38%
17%
45%

Academic major
Industry Trading
Industrial Management

55%
45%

Sex
Male
Female
Could not assigned to a male or female

39%
60%
1%

* Based on self-estimation ranging from 1 (= low) to 10 (= high).

Participants and instrument
Table 2 gives an overview of the student characteristics found in the sample. The
participants had an average age of M = 20.45 (SD = 1.87). Social background was
measured by a subjective self-report. For the question ‘What social class did you
belong to when you were 15 years old?’ students could answer on a scale from 1
(= lowest) to 10 (= highest). The mean value of M = 6.35 (SD = 1.58) indicates that
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the majority of students considered themselves to be middle class. Of the sample,
30% already had a journeyman certificate from an apprenticeship, 15% had entered the DHBW study programme without a general university entrance certificate, having taken an external examination for students with journeymen certificate and a minimum of five years’ work experience. The other 85% had a university entrance qualification, 48% of whom had parents with an academic background (defined as having at least one parent with a university degree). The year
of school graduation varied among the participants. The distribution shows that
38% had graduated in ‘2016 or before,’ 17% in the year 2017, and 45% had graduated more recently, in 2018. Finally, demographic data showed that 55% were
pursuing the academic major ‘Industry Trading’ and the other 45% were enrolled
on the ‘Industrial Management’ programme.
To measure students’ digital competences, our study used the tool from the
German D21-index in the slightly modified version presented by Müller et al.
(2018), based on the DigComp framework (Ferrari, 2013). The instrument validation delivered good results for reproducing the scales proposed by the original
framework. A detailed analysis of the instrument is published here (Wild &
Schulze Heuling, 2021). Self-reports were used, allowing the respondents to
quote an item in a bubble of the questionnaire with a single choice option, if the
item was applicable. The decision to measure the items in this way, based on selfreports, was based on the argumentation that ‘although errors surely do occur,
they often do not severely limit the validity of the measures’ (Lucas & Baird, 2006,
p. 41).
Measurement quality was analysed using the item response theory of an approach by Birnbaum (1968). The 24 items with five dimensions show an acceptable measurement quality and were introduced with the phrase ‘What can you do,
recognise and what is your behaviour’ with reference to the following categories:
information and data literacy (EAP/PV-Reliability = .66; 5 items; item example:
data transmission between devices), communication and collaboration
(EAP/PV-Reliability = .64; 4; item example: recognising fake news): digital content-creation (EAP/PV-Reliability = .69; 5 items; item example: design web applications), safety (EAP/PV-Reliability = .56; 5 items; item example: regular updates of antivirus software), and problem solving (EAP/PV-Reliability = .74; 5
items; item example: establishment of a (home)network).
Statistical analyses
In the analysis, Latent Profile Analysis (LPA) with the software MPLUS (Version
7.11) was used to classify persons in heterogeneous subgroups. This type of analysis aims to characterise combinations of group-specific features (profiles), which
are as homogeneous as possible within a group, and can be clearly differentiated
between the groups (Bacher & Vermunt, 2010). An LPA is a person-centred approach within item-response theory (Gollwitzer, 2012). The analysis uses
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continuous indicator variables, in contrast to latent class analysis (Muthén &
Muthén, 2010, p. 158). A person is assigned a profile in a probabilistic way, in
accordance with the profile with which she/he fits the best. We chose LPA because it has advantages over a traditional cluster analysis, offering more flexible
model specifications and statistical fit indexes as well as more accurate comparisons of models with different profiles (Pastor et al., 2007).
In order to select the optimal number of profiles, we formulated five different
profile solutions. The selection was based on estimations from the Bayesian Information Criterion (BIC), the Sample Size Adjusted BIC (ssaBIC) and the Akaike
Information Criterion (AIC). Lower values indicate a better model fit. In addition,
the Bootstrap Likelihood Ratio Difference Test was employed. A significant hypothesis test indicates that an estimated model, with a certain number of profiles,
maps the empirical data statistically better than a comparison model with one
profile less. To evaluate the classification quality (Fit), the Entropy measure was
used. Values of up to one for entropy mean a better solution (Geiser, 2010). For
evaluating the analysed profiles, a discriminant analysis was used. The evaluation, using the SPSS software (Version 25), does not group the data, but tests how
well the variables differ in the groups already identified (Tabachnick & Fidell,
2013, p. 419ff.). In this analysis, the leave-one-out method was chosen as the
cross-validation method in this procedure (Browne, 2000; Künsting et al., 2012).
In this way, a strong sampling reduction is avoided, because there is no need to
split the data into two subsamples. For the purposes of the analysis, one case was
ignored for N runs (K = N) (N-1), and the remaining cases were used to determine
the discriminant functions, until all cases were eventually eliminated. According
to this classification rule, the error probability of the group assignment of the
respective excluded case is determined. Based on correctly classified cases, the
quality of the data can be assessed. We used median (Md) instead of mean (M)
calculations, because there exist outliers in data. For this reason, the correlation
of Spearman (rs) instead of the correlation of Pearson (r) is estimated.

Results
Preliminary analyses and descriptive statistics
In a first step we give an overview of the median (Md), standard deviation (SD),
minimum (Min), maximum (Max) and correlations according to Spearman (rs) of
the five dimensions of digital competences. The results are set out in Table 3, below. The standardised thetas (θ) of the median of all five dimensions are distributed around the value 0 (from Md = -.05 to Md = .11). This is no surprise, because
θ = 0 equates to the characteristic value of the weighted sum index of classical
test theory. The standard deviation varies between SD = .52 (information and
data literacy) and SD = 1.12 (safety). Hence, one can summarise that the
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distribution of data in terms of the standard deviation is small but considered
sufficient for further analysis. This can be concluded by the width in the data of
the minimum and maximum of θ too. The correlations of the five dimensions
vary between rs = .37 and rs = .49 and are moderate.
Table 3. Descriptive statistics (θ) and correlations according to Spearman (rs) from digital
competences (n = 413).
1.
Information and data literacy
Communication and

2.

3.

4.

5.

.49

-

Digital content-creation

.43

.43

-

Safety

.40

.42

.46

-

Problem solving

.37

.44

.49

.44

-

Md

.08

.11

-.03

-.02

-.05

SD

.52

.76

.99

1.12

.76

Min

.08

.81

3.01

2.68

1.25

Max

-1.73

-1.62

-1.42

-2.13

-1.04

collaboration

Latent profile analyses
Table 4 shows the results of the LPA. The AIC, BIC and SSaBIC decreased from
solutions 1 to 5. This means that more profiles are a better solution. The Bootstrap-Likelihood-Ratio-Difference-Test indicates that more than four profiles are
optimal too, because in all tests the hypothesis is rejected (p < .001). Furthermore,
a gradual heterogenization of the profiles is shown. This can be seen in the fact
that groups with less than 10% of the respondents are represented in the four
profiles. The entropy had the best value of 1.00 for the four-profile solution. However, the value was only slightly above the other three profiles. Furthermore, we
evaluated the results with a leave-one-out cross-validation by discriminant analysis. The results in table 4 in the final column show that in profile four all cases
are correctly classified (100%).
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Table 4. Indices and coefficients for solutions from profile 1 to 5.
p
BLRT

< 5%

< 10%

< 20%

Entropy

% correct
classification cases

4397

< .001

0

0

1

0.96

97.10%

4088

4018

< .001

0

0

2

0.98

98.30%

3664

3777

3688

< .001

0

1

2

1

100.00%

3371

3508

3400

< .001

1

2

3

0.99

99.80%

Profile

AIC

BIC

ssaBIC

1

4962

5002

4971

2

4383

4448

3

3999

4
5

Note: AIC = Akaike’s Information Criterion; BIC = Bayesian Information Criterion; ssaBIC =
Sample size adjusted BIC; p BLRT = p-value of Bootstrap-Likelihood-Ratio-Difference-Test. Column of <5%, <10% and <20% show, to what extent the profiles have lower than 5%, 10% or 20%
of the sample. The column ‘% correct classification cases’ shows the results of the correct classification cases in % based on the leave-one-out method for cross-validation.

In summary, the results suggest that a solution with four profiles is optimal. This
is based on the result of the entropy and on the cross validation. However, theory-based criteria and reflection are needed to interpret the optimal number of
profiles. After discussion with the research group, four profiles were selected.
Interpreting the profiles
Figure 4 shows that with just 7.5% of the participants, the first profile (profile
one) had the lowest value medians of all four profiles. Problem solving is the only
digital competence in this profile to show a competence value similar to that of
the other three profiles. This is an interesting observation, which we were not
sure how to interpret. However, we concluded that this group has an overall
weak level of development with respect to digital competence. Hence, we referred to those in this group as reserved digitised.
While the profile with 10.9% of the participants (profile two) has slightly
higher values than the reserved digitised, they are nonetheless lower than those
for the other two profiles. Although the individuals in this group appear to have
adapted to digitalisation, the values seem to indicate a lack of digital ability.
Based on these findings, we named the second profile reserved appreciative.
The profile with nearly one quarter (23.2%) of the participants (profile three)
has higher values than the reserved digitised and the reserved appreciative.
However, there is a pattern similarity between this group and the last group, with
58.4% of the sample (profile four). The digital competence domains problem solving and digital content creation have a similar median for profiles three and four
with Md = .23 and Md = .26, respectively. This is the highest valued competence
for profile three. Figure 4 shows that profile four has higher medians in the digital
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competences of information and data literacy (Md = .08), safety (Md = .23) and
communication and collaboration (Md = .14). Security and knowledge about information seem to be a central characteristic of profile four. Therefore, group
three was labelled as advanced digitised and profile four as reflective digitised.

Figure 4. Graphic representation of the four competence profiles found among the 413
participants (‘not very competent’ (-2.5) to ‘very competent’ (2.5)).
After analysing the data for characteristic competence profiles, we wanted to
know which of the assessed student characteristics can be associated with each
of the profiles. To prove this assumption, we conducted an explorative analysis
and calculated the correlation between profiles and demographics. Consequently, χ2-Tests including the four profiles and the demographic variables ‘vocational apprenticeship’ (χ2(3, 408) = 5.03, p = .17), ‘university entrance qualification’
(χ2(3, 410) = 4.17, p = .24), ‘parent with an academic background’ (χ2(3, 408) = 1.80, p =
.62), ‘year of graduation from school’ (χ2(6, 410) = 7.98, p = .24), ‘academic major’
(χ2(3, 413) = .18, p = .98) and ‘gender’ (χ2(3, 401) = 3.80, p = .28) were analysed. There
are no significant differences. Tests undertaken by Analysis of Variance
(ANOVA) for age (F(3, 399) = .85, p = .47) and social background (F(3, 389) = .60, p =
.61) are also not significant. Figure 5 shows the distribution of the demographic
characteristics for each of the four competence profiles.
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Figure 5. Distribution of demographic characteristics over the four competence profiles.
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Discussion and implications of the study
As discussed above, we identified four digital competence profiles among the
study participants: (1) reserved digitised, (2) reserved appreciative, (3) constructive digitised, and (4) reflective digitised. Reserved digitised students had the
lowest competence score. While we could successfully demonstrate that students
possess different degrees of digital competence, no correlations between demographic traits and the level of digital competence were found in the data. In other
words, in this study neither personal nor structural (digital divide) student characteristics are predictors for the expression of digital competences. We cannot
deduce from our results that the reflective digitised have the highest school
marks, we cannot deduce that the difference between a reflective and a constructive digitised student is the academic background of their parents. We cannot
deduce that the students with only few digital competences were also bad in
school. This is an interesting finding, because the theory of the digital divide suggests that two structural factors – socio-economic background and gender – influence the expression of digital skills. It would be interesting to know if this pattern reproduces among vocational students in the Nordic Countries.
Our analysis showed that 80% of the students in the CSP consider themselves
to be middle class, but less than half of the students have a parent with a university degree. This self-perception seems to accord with Weich’s et al. (2017) finding
that cooperative students are highly self-confident. These findings can be compared to another publication in this field, which found that cooperative students,
despite their lower socio-economic background, have better university entrance
scores than traditional university students (Kramer et al., 2011). According to the
digital divide, a lower socio-economic status is followed by a lower level of digital competence and men outperform women. According to this theory and the
demographic data we have of our students, we could not have expected 80% of
our sample participants to score above average. We tentatively suggest that, with
respect to digital competences, the potentially negative influence of coming from
a low socio-economic background is compensated for by motivation, self-confidence, and advanced abilities (Kupfer, 2013) as well as a good university entrance
examination score. Our study could not reproduce the other prediction of the
digital divide, that is, that female participants would score significantly lower
than their male counterparts. This was not the case. It might be noteworthy that
another recent study examining prospective science teachers’ and prospective
engineers’ digital competences suggests the opposite. Here socio-economic background and gender influenced the expression of digital competences (Schulze
Heuling, Wild & Vest, submitted).
From our study, we conclude that another factor (one not addressed in this
study) might be more influential on the expression of digital competences for our
sample than socio-economic background or gender: the impact of implicit
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learning. Previous studies found that common computer tasks, such as carrying
out web searches or doing simple programming tasks, have a high impact on
implicitly developing digital competences (Boechler, 2008; Greene et al., 2014;
Mancy, 2007).
Overall, if demographic traits are less an indicator for the development of digital skills among CSP students, we still have to identify which factors such as
implicit learning influence the development of advanced digital competences in
order to effectively promote the acquisition of both general and, in particular,
specific, profession-related, digital skills and competences. This is particularly
important to find effective starting points for supporting those 20% of CSP students with less developed digital competences. Such an analysis is also relevant
for the Nordic Countries and a task for future, collaborative research.
Furthermore, if implicit learning is an important factor for acquiring high digital competences, the implication for companies is that their commitment should
embrace not only investing in technical equipment and the automation of digital
processes, but also ICT education for their trainees and employees. The reserved
digitised and reserved appreciative, which make up nearly 20% of the sample in
our study, might profit from workplace-related implicit learning opportunities.
It is they who must be especially prepared for the challenges of a digitised working world.
Beyond that, these study results are not only relevant to the very specific group
of cooperative students. They are also of interest for VET in Germany and European countries for several reasons. Firstly, CSP and VET in Germany and other
European countries all make use of similar structures in vocational education and
training. Within cooperative education, the vocational training demands are similar to those of a classical, three-year vocational training programme leading to a
journeymen certificate. For example, all students must accomplish the same
tasks, such as passing exams related to specific professional skills and adapting
and integrating the generalised vocation-related subject matter from school /
university to the specific situation of the workplace in the training company. Furthermore, both groups must deliver certain goods, such as work samples or a
journeyman’s piece. Secondly, the educational systems to be found in European
countries, particularly the Nordic countries, have much in common with the German three-year dual vet education system, in which three years of combined vocational school and vocational workplace training with a ratio of 2:3 (2/5 spent
at the VET school and 3/5 spent at the workplace) typically leads to a journeyman
certificate. We thus assume that similar findings could be made among VET students in Europe. It would be interesting to know if a reproduction study with
VET students from Nordic Countries would deliver comparable results since
these countries are considered as highly digitally developed.
Generally, the literature study and our study results show that more research
on digital competences in VET needs to be done. For example, we need more
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studies on the formation of digital skills in VET and the influence of implicit
learning on the expression of digital competences. Secondly, we need to know
more about the factors that influence the development of digital skills, particularly for those with less developed digital competences. Thirdly, it might be useful to re-evaluate current study programmes in terms of how they support the
development of digital competences. More insight into the extent to which digital
competences are a prerequisite to VET, how they are assessed at the start of an
apprenticeship and accordingly promoted thereafter, is also vital. Continuous assessment is needed to ensure that digital competences are adaptively taught during a person’s studies. For applicants and graduates in VET or CSP, ongoing industrial training in digital competences can bind high-performing applicants or
graduates to companies.
More country-specific research can help shed light on local patterns, thereby
enabling more precise follow-up action. Such comparative studies are technically
not difficult to conduct and could be compared to the results of this study, because we used a German version of the DigComp, the well-established European
framework for assessing digital competences, which is, for example, also available in English.
The present study has limitations. Firstly, only students from a single university were interviewed. Secondly, we surveyed a very specific group, namely firstyear students in a business-focussed CSP. Thus, it is difficult to generalise from
these results. Furthermore, the fact that students were recruited by their partner
companies based on individual criteria could have influenced the results (Kupfer, 2013). The data was obtained through self-reported answers which could
have caused response bias.
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