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Abstract

This article presents a ten-item short scale for measuring digital competence. The
scale is based on the Digital Competence Framework for Citizens, DigComp2.1
(Carretero et al., 2017). For our surveys, we used five items from the DigCompSat
study (Clifford et al., 2020) and created five new ones to address the competence
areas defined by DigCom?2.1. We tested the scale on a sample of 1416 students from
four countries (Germany, Lithuania, Austria, UK), using the questionnaire in two
languages (English, German). The scale proved to be reliable (Cronbach’s o of 0.87
and McDonald’s o, of 0.88) and valid (construct and content validity). Using the
scale, we replicated findings from previous studies on differences in digital literacy
by gender, study subject, and level of study. Despite the inhomogeneous structure of
items from five different competence areas (according to DigComp2.1) and of two
different types (specific, general), the scale does not seem to be multifactorial. A
detailed analysis of digital competence and undergraduate research in the context of
the pandemic shows: digital competence seems to support research competence and
may even support inclusion.

Keywords Digital literacy - Scale - Undergraduate research - Pandemic - Inclusion -
Self-efficacy

The COVID-19 pandemic of 2020-2022 highlighted the increasing need for digital
skills in higher education. The temporary closure of universities necessitated a rapid
shift to online instruction. This was particularly challenging for those undergraduate
students who were scheduled to conduct research. Against this backdrop, we aimed
to create a short test of digital literacy:
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- that would help further develop digital undergraduate research (cf. Kerres &
Otto, 2022);

- as an easy-to-use tool for the ongoing evaluations and assessments in the con-
text of undergraduate research (cf. Singer et al., 2022);

- not as an isolated test construction, but employed within a broader context that
also allows conceptual insights and joint development of tools and concepts: here,
the European Digital Competence Framework for Citizens (Carretero et al., 2017).

This article presents the digital competence scale! we developed and its context
within the European digiUR project for the promotion of undergraduate research,
describes the characteristics of the scale, and discusses how it can be used and fur-
ther developed.

1 Introduction

Our digital competence scale was created based on DigComp2.1 The Digital Com-
petence Framework for Citizens (Carretero et al., 2017). Therefore, we will first
provide an introduction to DigComp2.1 and then present the context of promoting
undergraduate research in Europe, in which the scale was used. Section 1 concludes
with our starting hypotheses for requisite properties of the scale, on students’ digital
competence, and the usefulness of digital competence in higher education.

1.1 DigComp2.1 the digital competence framework for citizens

The Digital Competence Framework for Citizens (DigComp2.1) resulted from the
project “Learning and Skills for the Digital Era” that began in 2005 (Carretero et al.,
2017, p. 6). The long-term goal was “to provide evidence-based policy support to
the European Commission and the Member States on harnessing the potential of
digital technologies to innovate education and training practices, improve access to
lifelong learning and to deal with the rise of new (digital) skills and competences
needed for employment, personal development and social inclusion.” (p. 6) Thus,
we see the creation of our scale in the context of both personal development and, as
we will explain later, social inclusion.

The DigComp2.1 framework is already highly differentiated in concept, encom-
passing five broad areas of digital competence: (1) information and data literacy,
(2) communication and collaboration, (3) digital content creation, (4) safety, and
(5) problem solving. In turn, each area includes three to six competences. The Dig-
Comp2.1 analytical framework also includes eight proficiency levels, ranging from
Foundation to Intermediate, Advanced, and Highly Specialized, each with two sub-
levels. The eight proficiency levels are distinguished by increasing task complexity,

! In the following, we use both the most commonly used term “digital literacy” and, following Dig-
Com?2.1, the term “digital competence” indiscriminately. In the direct context of the developed short
scale, we refer only to digital competence (as a personal ability) or Digital Competence (as a defined
variable).
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increasing autonomy of the proficient practitioner, and different cognitive domains
such as remembering or creating. The DigComp framework is complemented
by DigCompEdu (Redecker, 2017), which defines educator competences. These
include, for example, facilitating learners’ digital competence (in the five compe-
tence areas mentioned above); and competences in professional engagement, such as
reflective practice necessary for teaching.

Meanwhile, there is abundant literature on DigComp and its use in assessing
competence, especially in school settings (e.g., Siiman et al., 2016). An overview
of DigComp-based assessment tools is provided by Mattar et al. (2022). Among
the most important of these is DigCompSAT (Clifford et al., 2020). Using classical
test-construction methods, DigCompSAT created databases of items in English, Lat-
vian, and Spanish. The resulting online questionnaire comprises 82 items that assess
citizens’ digital competences (https://europa.eu/europass/digitalskills/screen/home).
The DigCompSAT study provided the perfect basis for us to develop a short test of
digital literacy.

1.2 digiUR

The context for the development of our digital competence scale was the European
project digiUR (www.digiur.eu), “A European Network for Digital Undergraduate
Research.” This project pursued the priority of “Innovative Practices in the Digi-
tal Age” in higher education under pandemic conditions, focusing on undergraduate
research; digital literacy therefore played a key role. As mentioned, we referred to
the European DigCom?2.1 project (Carretero et al., 2017) to measure digital literacy
(here “digital competence”) in undergraduate students, in particular using questions
from the DigCompSAT study (Clifford et al., 2020).

The project was embedded in a European network for the promotion of under-
graduate research (UR), an innovative pedagogy that has become an important focus
of universities worldwide (cf. Healey & Jenkins, 2009; Brew, 2012; Hensel & Bless-
inger, 2020; Mieg et al., 2022a, 2023). Studies show that UR supports rapid and
deep learning, improves student retention, and promotes diversity and inclusion (cf.
Mieg & Haberstroh, 2022). Thus, UR is considered a characteristic of high-impact
educational practices and has become a hallmark of Europe’s leading research uni-
versities (Fung et al., 2017). The advancement of digital forms of UR is considered
both an important progression and a catalyst for networking on UR in Europe (cf.
https://digiur.eu/klaipeda-communique/).

Research shows that success in UR may depend on some individual character-
istics, such as self-efficacy (e.g., Reitinger & Altrichter, 2022), i.e., the expecta-
tion that one can make a difference oneself. Self-efficacy also plays a major role
in organizational and workplace studies (e.g., Lunenburg, 2011). Similarly, the pro-
motion of critical thinking is often considered a rationale for UR (e.g., Council of
Undergraduate Research [CUR], n.d.; Petrella & Jung, 2008). At the very least, it
is clear that critical thinking can be promoted through university teaching (Abrami
et al., 2015). UR is also known to foster inclusion (cf. Mieg & Haberstroh, 2022),
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which is a consideration for digiUR and all other European projects (“leaving no-
one behind, “European Commission, 2020, p. 115).

1.3 Hypotheses

The expectations for the development and application of the short assessment scale
are summarized in the following hypotheses.

Hypothesis 1 (scale): The short digital competence scale is reliable and valid.

As stated in Hypothesis 1: In order to be usable, the short scale for DigComp2.1
must first be both reliable and valid.

Hypothesis 2 (digital competence in university settings): The digital competence
scale should be able to detect differences found by previous studies on digital
literacy, e.g., by subject (higher digital competence in STEM), gender (lower
among women), or study level (higher in advanced students).

Hypothesis 2 is informed by several previous studies. Senkbeil et al. (2019) ana-
lyzed data from the German Educational Panel—which also recorded digital literacy
(performance test items)—and found that digital literacy differed by subject area
and gender. However, the overall findings on digital literacy are not clear-cut. There
are mixed findings on gender and age differences (Peng & Yu, 2022). For example,
when younger children are included and assessment occurs via performance testing,
then girls seem to be favored (Siddiq & Scherer, 2019). This raises the question of
whether observed gender gaps in digital literacy instead reflect differences in self-
appraisal. However, self-assessed digital literacy seems to increase with academic
education level (Senkbeil et al., 2019; Inan Karagul et al., 2021).

Hypothesis 3 (pandemic): Digital competence has a compensatory effect on lack
of research experience.

Hypothesis 3 arises from the context of the Erasmus + application for the digiUR
project, the Partnerships for Digital Education Readiness (European Commission,
2020) call, as follows: “The current COVID-19 crisis has greatly accelerated the
need for modernisation and digital transformation of education and training systems
across Europe. The goal is to reinforce the ability of education and training insti-
tutions to provide high quality, inclusive digital education.” (p. 115) Because the
COVID-19 pandemic severely limited opportunities for student research (Grineski
et al., 2020), the hope was that digital competence would have a compensatory effect
on students’ diminished research experiences; that is, digital competence should
incorporate or support digital research, or should feed into general methodological
research competence.
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2 Method

The development and use of the scale was embedded in an online student survey. In
the following sections, we first present the scale development, then the other vari-
ables developed and used, and finally the four individual studies conducted.

2.1 Digital competence

DigCompSAT developed items for the five competence areas and all specific compe-
tences. Since we wanted to limit the scale to about ten items, it was clear that not all
digital competences could be covered. To produce a core set of items, we selected
the item from each competence area that correlated most strongly with the overall
test in the DigCompSAT study (cf. Table 1 and Appendix). In the second round, we
could have selected the second-best items. However, we chose to construct five gen-
eral items specifically related to the five competence areas®. Our reasons for doing
SO were:

— First, we wanted to be sure that the basic concept of DigComp2.1 would not be
obscured by questions that were too specific (but without covering sufficient
aspects).

— Second, specific questions, especially if they were technology-related, ran the
risk of quickly becoming outdated, especially since the pandemic had accelerated
the development and use of digital tools.

The risk we took by using two item types for the same scale was that the scale
would break down into the two item types from the respondents’ perspective.

2.2 Further variables

In addition to demographic and study-related information, the survey included fur-
ther key variables:

(1) self-assessed digital competence

(2) self-assessed research competence

(3) research-related self-efficacy

(4) critical thinking

(5) lack of motivation (for student research under COVID-19)

(6) study situation for students with fewer opportunities (under COVID-19)

2 The general items start with a question (“Overall, how would you rate...?*), in which the name of the
competence area appears - as in DigComp2.1. We wanted to use the official designation as a signal and
trigger of the general idea of the respective competence area, and not simply ask for a list of exemplary
activities. This formal difference (specific items: simple rating; general items: start with question) unfor-
tunately reinforces the contrast of specific and general items.
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The first two variables (1, 2) were presented as perceived assessments by peers, in
accordance with surveys in expertise research (Mieg, 2009). Peers (or a professional
community) can be considered a relevant reference group for the attribution of com-
petence. The question for self-assessed digital competence was: “If your fellow stu-
dents would approach you on practical digital problems (Internet, programming...),
how confident would you be to do so?* The question for self-assessed research com-
petence was: “If your fellow students approached you to give advice on practical
research problems (from research design to analysis), how confident would you be to
do so?* Responses were recorded using a five-point assessment ranging from “Not
at all confident” to “Very confident.*

For research-related self-efficacy (3) and critical thinking (4), variables were
taken from published survey instruments, specifically the two items that correlated
highest with the overall scale. The two items for research-related self-efficacy were
taken from the work of Reichow (2021, translated; cf. also Wessels et al., 2021);
they read:

(3a) I am confident that I can develop a useful research design to answer my
research question, although I will have to show a lot of ingenuity in doing so.
(3b) I am confident that I can find a research gap, even if the literature in the area
is confusing.

The two items for critical thinking are from Sosu (2013, p. 117). They are:

(4a) I usually try to think about the bigger picture during a discussion.
(4b) I often re-evaluate my experiences so that I can learn from them.

Agreement was recorded in five levels, from “I definitely disagree” to “I defi-
nitely agree.*

The two other variables (3, 4) serve to complement Hypothesis 3. “Felt a lack
of motivation” was a tick list item in the Grineski et al. (2020) survey on initial
impacts of COVID-19 pandemic on undergraduate research. Accordingly, variable
3 has only the two possible answers “Yes” and “No”. Variable (4) was constructed
by us and was aimed at students with fewer opportunties. We asked whether the stu-
dents’ study situation had changed, with five response categories: strongly worsened
/ somewhat worsened /neither / somewhat improved /strongly improved. Since each
university has its own regulations for identifying and addressing students with fewer
opportunities, the trigger question was different for each (e.g., “Do you have any
special challenges to overcome in your studies...”).

2.3 Surveys
Our study includes four surveys at universities from four countries, two in German

and two in English (cf. Table 2). Full surveys were conducted at the University of
Oldenburg, Germany, and LCC International University, Lithuania. Response rates
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were good (Oldenburg, 11%) or very good (LCC, 35%),> but there were some very
incomplete data sets, so not all responses were included in the analyses. The surveys
at the University of Vienna and the University of Warwick were conducted or initi-
ated by members of the digiUR project and consist of opportunity samples.

3 Results

We present the results with reference to the three hypotheses. One focus is on an
in-depth scale analysis.

3.1 Hypothesis 1: Quality of the scale

Hypothesis 1 stated: The short digital competence scale is reliable and valid.

Cronbach’s a of 0.87 and McDonald’s @, of 0.88 indicate satisfactory internal con-
sistency (reliability) for the whole scale. This is a remarkable result when combining
four different samples from four countries with two different languages.

Table 3 shows the item characteristics of all ten digital competence items. Leaving
out any single item would result in a decrease in Cronbach’s a. Additionally, corrected
item-test correlations indicate satisfactory differentiation, ranging from r;, = 0.465 (for
the specific information item) to r; =. 706 (for the general digital problem-solving
item). In the following, we will use Digital Competence as the single total score for
this scale (more precisely: the arithmetic mean of the ten items).

Regarding construct validity of the digital competence scale, our most general cri-
terion of digital literacy is self-assessed digital competence. The correlation of Digi-
tal Competence with self-assessed digital competence is very high (r=.572, p<.001,
N=1161). Further, face validity results from the finding that the values for Digital Com-
petence are significantly higher for students who have already worked as research assis-
tants than for the other students (research assistants: M=3.2, N=73; others: M=2.9;
N=1107; t-test: t=4.507, df=1178, p<.001); since they are undergraduates, working as
research assistants is mostly limited to data analyses, literature reviews and text editing,
which now require digital literacy.*

Therefore, Hypothesis 1 is confirmed.

3 Representativeness: The LCC sample is representative with regard to the study focus (Chi’=1.22,

df=5, p>.90). However, in both the LCC sample and the University of Oldenburg (UOL) sample, there
were more women than expected (t-test, LCC: t=2.918, p<.01; UOL: t=6.919, p<.01). Furthermore,
the UOL sample is not representative with regard to study focus (Chi>=135.51, df=4, p<.001): there
were too many students from STEM and Social Sciences, too few from Languages, Economics & Law,
and Humanities.

One might object that any correlation between Digital Competence and being a student assistant is
based on the relation of both to research - and less to digital competence. To address this objection, we
can look at the correlation of Digital Competence and the Student Assistant variable while controlling
for Research Competence. In fact, this (positive) correlation is still highly significant; i.e., there is a cor-
relation that is not related to Research Competence.
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Table 3 Item characteristics

. Item M SD  Itemdiffi- 7, Cronbach’s

of all ten digital competence e

. . culty (CTT) a if item

items (for the definition of the

. deleted

variables see Table 1)
CAl_specific 3.69 0.56 0.92 0.465 0.870
CA2_specific 3.08 0.85 0.77 0.567 0.864
CA3_specific 3.17 0.83 0.79 0.601 0.861
CA4_specific 254 098 0.64 0.624  0.860
CAS5_specific 324 0.72 0.81 0.616 0.860
CAl_general 293 0.68 0.73 0.605 0.861
CA2_general 3.04 0.70 0.76 0.573 0.863
CA3_general 2.15 0.87 0.54 0.597 0.861
CA4_general 247 0.81 0.62 0.615 0.859
CAS_general 249 0.82 0.62 0.706  0.852

N=1218; Cronbach’s « of all ten items=0.873. Item difficulty: the
higher, the easier. M: mean. SD: standard deviation. r;: item-cor-
rected correlation between item and total score

We can use the ten digital competence items as a scale for digital literacy and the aver-
age of them - Digital Competence - as a measure. Figure 1 shows the distribution of Dig-
ital Competence (N=1218). Digital Competence ranges from 1.0 (lowest value) to 4.0
(highest value). The mean is 2.88 (s=.54), its median 2.9, the mode 3.1 (most frequent
value). Only 1% of the students show a very low Digital Competence (1.5 or lower), 11%
of the students rate their Digital Competence as very high (more than 3.5).° The differ-
ences in Digital Competence in our sample of four universities (cf. Table 2) are small but
significant (ANOVA, F (3, 1214)=7.209, p<.001).

Regarding scale structure, parallel analyses would suggest two components. In
particular, we find an imbalance in the data, focusing on the specific items on the
one hand and on the general questions on the other. Principal component analysis
(PCA) with varimax rotation indicates a general component (PCA I) and a specific
component (PCA II), explaining 59.3% of variance (see Table 4). Thus, the sub-
components are not content-related, but assessment-related. Note that the specific
digital safety item (CA4_specific) is out of line, correlating strongly with the general
component (0.638), while less so with the specific component (0.335). In addition,
Table 4 shows the results of Mc Donald’s o scale consistency analysis assuming a

5 The variable Digital Competence is not normally distributed (Shapiro-Wilk test=.992, df=1218,
p<.001). This is mainly due to the fact that Digital Competence only has a few values and is capped at
the value 4. However, we can transform Digital Competence into a normally distributed variable by sim-
ple means without losing the essential properties. For example, if we add a normally distributed random
variable to Digital Competence (with O as mean and the same standard deviation), we get Digital Com-
petence’ as a normally distributed variable (Shapiro-Wilk test=.999, df=1218, p=.950). Digital Com-
petence’ has values from 0.62 to 5.55 (instead of 1 to 4), showing all the main characteristics as Digital
Competence, but often with lower power. For instance, construct validity (correlation with self-assessed
digital competence) drops to 0.411 (N=1161, p<.001). Because of the robustness of t-test and Pearson
correlation etc., we continue to use these tests for Digital Competence.
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Fig.

35-4
1-15 15-25 25-35 Very high /I can do it with
Very low /| don’t know Somewhat low / Somewhat high / confidence and, if needed, |
how to do it I can do it with help I can do it on my own can support/guide others

1 Distribution of Digital Competence in 0.5 units (the upper limit always belongs to the smaller

class, e.g. the value 1.5 belongs to the lowest class). N=1218

hierarchical two-factor model (eigenvalues: g=3.06, F1=1.19, F2=0.69; explained
variance: g=0.66, F1=0.45, F2=0.40). However, for this two-factor model consist-
ency drops to McDonald’s w;, of 0.65 (Fig. 2).

The short scale for Digital Competence does not capture the competence struc-

ture of DigComp2.1. What we could have expected with regard to the competence
areas of DigComp2.1, would have been a content-related five-component structure
that reflects the respective competence areas. This is not supported by our findings.
However, it is noteworthy that:

Our short scale shows some divide related to the competence areas (see Table 3):
both specific and general items on digital information, communication and con-
tent management (competence areas CA1 to CA3) show lower item-total correla-
tions than all items (specific and general) on digital problem solving and digital
safety (CA4 and CAS). The main focus of Digital Competence is therefore on
problem solving and digital safety.

The two components could be pure artifacts resulting from the low item difficulty
for most of the specific questions (with the only exception of CA4_specific on
safety). The three most difficult items (CA3_general, CA4_general, CA5_gen-
eral) determine component 1, the easiest item (CA1_specific) determines the sec-
ond component. This interpretation is supported by the fact that the second factor
of the hierarchical model, F2, shows such a low eigenvalue (0.69) that it cannot
stand by itself.

Replacing our short scale for digital competence with the two PCA components
would lower validity: our criterion Self-Assessed Digital Competence correlates
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CA4 general

CA1_general

CAS specific

Fig. 2 Hierarchical, two-factor model for digital competence

Tab.le 4 Two factors, left: Ttem PCA I PCA II My Mg Ao
varimax rotated components
(PCA I and II), right: CAl_specific 0065  0.841 0.51 051

hierarchical two-factor model

(with factor F1, F2) CA2_specific 0.271 0.739 0.56 0.40
CA3_specific 0.304 0.747 0.60 0.43
CA4_specific 0.638 0.335 0.55 0.35
CAS_specific 0.480 0.537 0.57 0.23 0.25
CA1_general 0.685 0.244 0.53 0.38
CA2_general 0.604 0.309 0.52 0.32
CA3_general 0.752 0.139 0.52 0.46
CA4_general 0.780 0.129 0.54 0.49
CAS5_general 0.814 0.217 0.62 0.55

PCA loading over 0.7 are highlighted in italics.
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highly with the overall scale for Digital Competence (r=.572, p<.001), while
less so with the two sub-components (r=.464, p <.001, and 0.337, p <.001, for
PCA T and PCA 11, respectively).

To conclude, our analyses suggest that digital competence is best captured by the
total score of the ten-item short scale, i.e. Digital Competence. We therefore refrain
from the two factors or sub-components of Digital Competence for further analyses.

Having dispensed with a two-factor solution, let us turn to the question of whether
we can use even shorter scales for digital competence. A scale consisting of the five
specific questions from DigComp2.1 (DCs) or a scale consisting of the five created
general questions (DCg) would be obvious. It seems clear that reliability would then
decrease. DCs would still have an acceptable Cronbach’s alpha of 0.78, DCg a good
Cronbach’s alpha of 0.83, and both a slightly lower construct validity (correlation
with self-assessed digital competence, DCs: r=.514, DCg: r=.525). With DCs and
DCg, we can replicate just about all results with Digital Competence, albeit almost
always in weaker degree and with weaker discriminatory power (e.g., for differences
in study subjects). However, looking from a view of undergraduate research, which
was the general focus of our study, and conducting regression analyses (stepwise)
for Self-Assessed Research Competence (to find influencing factors for research
competence), Digital Competence appears in the regression whereas DCs and DCg
are excluded; if we leave out Digital Competence, both variables - DCs and DCg -
appear in the regression. DCs and DCg thus represent slightly different aspects and
do not substitute for each other or Digital Competence®. Hence, we clearly prefer the
ten-item short scale as a combination of specific and general questions over the five-
item scales DCs and DCg.

3.2 Hypothesis 2: Digital competence at the university

Hypothesis 2 stated: The digital competence scale should be able to detect differ-
ences found by previous studies on digital literacy, e.g., by subject (higher digital
competence in STEM), gender (lower among women), or study level (higher in
advanced students).

As expected, the values for Digital Competence are significantly lower for
women than for men and other students (m=3.1 vs. 3.5, t-test: t = -5.530, df=1193,
p<.001). The values for Digital Competence are higher for STEM students than for
students of other subjects (m=3.6 vs. 3.1, t-test: 1=6.709, df=1204, p<.001). In
addition, Digital Competence increases significantly with the length of study - even
though we are only dealing with undergraduates here (correlation with Years of
Study, r=.109, p<.001, N=1171). Hypothesis 2 is thus confirmed. It can be seen
that the results of other studies can be replicated with the short scale for Digital
Competence. This speaks for the content validity of the short scale.

6 A relevant difference could be that DCg, unlike Digital Competence and DCs, is slightly correlated
with age (r=—.073, p=.12, N=1196), i.e., younger students are generally more competent (or consider
themselves to be so0).

@ Springer



152 Education and Information Technologies (2024) 29:139-160

In these analyses, the short scale (with Digital Competence as total score) proves
superior to the single item on self-assessed digital competence. For the single item,
too, significantly lower values are found for women and higher values for STEM
students (t-tests, p <.001). Unlike the short scale, however, there are no significant
differences by years of study for the variable Self-Assessed Digital Competence
(r=.024, p=.420; ANOVA: F (3,1262)=0.317, p=.813). Digital Competence
shows certain differences according to age (but no significant correlation) and corre-
lates with Years of Study, even when age is controlled (r=.135, p <.001, N=1165).

Finally, we asked ourselves whether we could estimate the extent to which the
effects of Digital Competence are attributable to the fact that this was a self-assess-
ment. To do this, we created a residual variable of Digital Competence from the
regression on Self-Assessed Digital Competence; i.e., we statistically removed all
influences that could be traced back to the self-assessment of digital literacy. This
residual variable shows the same difference by gender (women: m=—0.11 vs. oth-
ers: m=0.23, t = -5.549, df=1143, p<.001) and the same correlation with Years
of Study (r=.109, p<.001, N=1116) as Digital Competence. However, the differ-
ence for STEM disappears (STEM: m=—0.01 vs. others: m=0.00, ns.). Even with
this residual variable, we find a significantly higher value for student research assis-
tants (m=0.33 vs.: m=-0.04, t=2.954, df=1121, p<.01), which we considered
an indication of validity (as to digital literacy). Digital Competence thus seems to
indicate more digital literacy than can be attributed to pure self-assessment.

3.3 Hypothesis 3: Digital competence and the pandemic

Hypothesis 3 stated (regarding the pandemic situation): Digital competence has a
compensatory effect on lack of research experience.

The specific situation the digiUR project dealt with was the pandemic. So did
digital competence play a special role in the pandemic, especially in the context of
undergraduate research? In our study, we had three areas to investigate to determine
whether they could be positively influenced: (1) self-assessed research competence
(Research Competence); (2) motivational collapse in student research during the
pandemic (Lack of Motivation); and (3) an improved study situation for students
with fewer opportunities. Table 5 provides an overview of which other variables the
target variables correlate with. The correlations do not stand for causality and can at
best be indicative. We are interested in whether a possible change in Digital Compe-
tence could be related to a change in self-assessed research competence.

As Table 5 shows, Digital Competence correlates significantly with Research
Competence (r=.284, p<.001, N=1154). As we can see, other variables, such as
self-efficacy, years of study or research experience, also show relatively high cor-
relations with research competence. Nevertheless, when we control for the influence
of these variables, the significant correlation of Digital Competence with Research
Competence remains (r=.192, p<.001, N=1072). An increase in Digital Com-
petence corresponds with an increase in Research Competence. Hypothesis 3 is
thus confirmed (as far as we test it). Specifically, we see that when students have
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no research experience (Having Research Experience =0), Digital Competence still
correlates significantly with Research Competence (r=.267, p<.001, N=263),
even when controlling for significant other influencing variables such as Self-Effi-
cacy and Years of Study (r=.252, p<.001, N=235). Thus, we can assume that digi-
tal competence provides a compensatory effect in the absence of specific research
experience.

In this context, we should emphasize the important role of self-efficacy. Self-
Efficacy shows a supportive pattern in all target variables, not only Research Com-
petence but also Lack of Motivation (for student research under COVID-19) and
the Study Situation for Students with Fewer Opportunities. The correlations of
Self-Efficacy with these variables are clearly larger than those of all other variables
(Table 5). In contrast, Digital Competence shows no correlation with Lack of Moti-
vation (cf. Table 5), but it does with Study Situation for Students with Fewer Oppor-
tunities (r=.155, p<.01, N=350). This correlation remains significant when con-
trolling for Self-Efficacy and Years of Study (r=.132, p<.01, N=331). The effect
does not disappear even when we control for Self-Assessed Digital Competence
(r=.115, p<.05, N=331). That is, regardless of whether Digital Competence is
self-assessed, there is a correlation with the Study Situation for Students with Fewer
Opportunities. This suggests that the Digital Competence short scale should be used
not only for the undergraduate research questions, but in research on universities and
inclusion.

4 Discussion

We conduct the discussion around the three hypotheses related first to the digital
competence scale, second to the differences among students that can be measured
with it, and third to the compensatory effect in the pandemic.

4.1 The scale on Digital Competence (Hypothesis 1)

According to the usual criteria (Cronbach’s alpha, McDonald’s omega, correla-
tion with external criteria), the created ten-item digital competence scale based
on DigComp2.1 (Carretero et al., 2017) is reliable and valid. 1t also seems to
be more useful than the single-item self-assessment question alone, since, for
example, the new scale differentiates by level of study (years of study), unlike
the latter (cf. 3.2). The new short scale cannot reasonably be shortened further; a
five-item scale with specific items from the DigCompSAT (Clifford et al., 2020)
seems less appropriate (cf. 3.1).

The construction of the short scale from specific and general items has resulted in
inhomogeneity that may give rise to further review and revision of the scale. There
were reasons for this method of construction. According to our analyses, we should
reconsider them:
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e The first reason was that DigComp2.1 has a very differentiated, analytically
obtained structure of five competence areas and several proficiency levels.
Unfortunately, the five-factor solution could not be found in the data. Our analy-
ses revealed rather two clusters of variables, on the one hand the items on prob-
lem solving with digital means and safety (CA4 and CAS, cf. Tables 1 and 3)
which enter the short scale with the greatest weight; on the other hand, the items
on communication with digital means (CA1 to CA3).

e The second reason was that specific items become obsolete too quickly. An indi-
cation of this would have been some correlation of the specific items with age;
this is not the case (cf. 3.2). However, if we consider the items on communication
with digital means (CA1 to CA3) as more "specific” (in the sense of "concrete")
than the items on problem solving and safety (CA4 and CAS), we found that the
second factor (F2) of a hierarchical two-factor model based on CA1 to CA3 was
not appropriate as a scale (cf. 3.1). That is, the "general" or "abstract" items CA4
and CAS seem to be needed for the assessment of digital literacy.

For the time being, the short scale with specific and general items seems to be the
tool of choice. Next steps could be to test the created short scale in comparison with
a scale consisting of specific items only or to conduct further studies on the structure
of the digital competence scale.

4.2 Measurable differences among undergraduates (Hypothesis 2)

Digital Competence scores among undergraduates follow common patterns as found
by former studies (cf. Inan Karagul et al., 2021; Peng & Yu, 2022; Senkbeil et al.,
2019; Siddiq &Scherer, 2019). Digital Competence scores were lower for women,
higher for STEM students and the more advanced students.

These results demonstrate the content validity of the short scale. It is also impor-
tant to note that the effect of Digital Competence cannot be reduced to the fact that it
is based on self-assessment (as argued with gender differences by Siddiq & Scherer,
2019). We were able to statistically subtract the effect of self-assessment from Digi-
tal Competence - and still prove validity (criterion: correlation with activity as a
student assistant).

The finding that digital competence does not depend on age is very remarkable.
Digital competence (as assessed here on the basis of DigComp2.1) is a matter of
academic education. Digital competence clearly increases with the duration of stud-
ies, regardless of age. Thus, the surprising finding is that even the five-item short
scale (DC,, cf. 3.1), which correlates slightly negatively with age (younger students
see themselves as more competent), nevertheless correlates positively with years of
study (more advanced students see themselves as more competent). The finding of
the dependence of digital literacy on years of study that Senkbeil et al. (2019) found
for German students can thus be generalized.
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4.3 Compensatory effect of Digital Competence in the pandemic? (Hypothesis 3)

We have to be careful with the interpretation of effects here, because the data and
the research design only allow correlations. We can say that we found evidence that
digital competence correlates with research competence regardless of undergraduate
research experience. Likewise, that digital competence correlates with an improved
study situation of students with fewer opportunities in the pandemic.

It should be noted that these are usually small effects, the correlative relation-
ships usually remain below a value of r=.3, which means that the explained vari-
ance remains below 10%. An exception is self-efficacy, for which our analyses found
many and often high correlations. Not only does self-efficacy play a role in research
competence, it also seems to counteract motivational deficits and to be beneficial for
students with fewer opportunities - adding to the growing literature on self-efficacy
and inclusion (e.g., Marra et al., 2009; Zhu et al., 2019). When considering digital
competence or literacy in the academic context, it is therefore important to include
sufficient other variables and influencing factors. Therefore, it is even more impor-
tant to have a reliable and valid, tested short scale for digital competence.

Appendix
The ten items of the short scale of digital competence (E =English, G=German).

El. I know how to copy and move files (e.g. documents, images, videos) between
folders, devices or on the cloud.

E2. I know how to use advanced videoconferencing features (e.g. moderating,
recording audio and video).

E3. I know how to edit or make changes to digital content that others have cre-
ated (e.g. insert a text into an image, edit a wiki).

E4. I know how to check that the website where I am asked to provide personal
data is secure (e.g. https sites, safety logo or certificate).

ES. When I face a technical problem, I am able to find solutions on the Internet.
E6. Overall, how would you rate your digital information and data literacy?
e.g., to analyse, compare and critically evaluate the credibility and reliability of
sources of data, information and digital content.

E7. Overall, how would you rate your digital communication and collaboration
competencies? e.g., to be aware of behavioural norms and know-how while using
digital technologies and interacting in digital environments.

E8. Overall, how would you rate your digital content creation competencies? e.g.,
digital content in different formats, copyright and licenses; writing a computer
programme.

E9. Overall, how would you rate your competencies in digital safety? e.g., to be
able to protect oneself and others from possible dangers in digital environments
(for example, cyber bullying).
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E10. Overall, how would you rate your digital problem solving competencies
(e.g., to assess needs and to use digital tools and technologies; to be able to sup-
port others with their digital competence development).

Response categories for E1-ES: I don’t know how to do it - I can do it with help
- I can do it on my own - I can do it with confidence and, if needed, I can support/
guide others.

Response categories for E6-E10: very low - somewhat low - somewhat high - very
high.

Gl1. Ich weif3, wie man Dateien (z. B. Dokumente, Bilder, Videos) zwischen Ord-
nern, Gerdten oder in die Cloud kopiert und verschiebt.

G2. Ich weifs, wie man fortgeschrittene Videokonferenzfunktionen nutzt (z. B.
Moderation, Aufzeichnung von Audio und Video).

G3. Ich weif3, wie man digitale Inhalte, die andere erstellt haben, bearbeitet
oder dndert (z. B. einen Text in ein Bild einfiigen, ein Wiki bearbeiten).

G4. Ich weif, wie ich iiberpriifen kann, ob die Website, auf der ich personliche
Daten angeben soll, sicher ist (z. B. https-Sites, Sicherheitslogo oder -zertifikat).
G5. Wenn ich mit einem technischen Problem konfrontiert werde, bin ich in der
Lage, Losungen im Internet zu finden.

G6. Wie schdtzen Sie Ihre digitale Informations- und Datenkompetenz ein? (z.B.
Analyse, Vergleich und kritische Bewertung der Glaubwiirdigkeit und Zuverlds-
sigkeit von Datenquellen, Informationen und digitalen Inhalten)

G7. Wie schdtzen Sie IThre Kompetenz in digitaler Kommunikation und Zusam-
menarbeit ein? (z.B. Kenntnis von Verhaltensnormen; Know-how bei der Nutzung
digitaler Technologien und der Interaktion in digitalen Umgebungen)

G8. Wie schiitzen Sie Ihre Kompetenz bei der Erstellung digitaler Inhalte ein?
(z.B. digitale Inhalte in unterschiedlichen Formaten; Urheberrecht und Lizenzen;
Schreiben eines Computerprogramms)

G9. Wie schdtzen Sie Ihre Kompetenz bei Fragen digitaler Sicherheit ein? (z. B.
sich und andere vor moglichen Gefahren in digitalen Umgebungen schiitzen, z. B.
Cyber-Mobbing).

G10. Wie schdtzen Sie Ihre Kompetenz fiir digitale Problemlosungen ein?,(z.B.
Anforderungen einschdtzen konnen und digitale Tools und Systeme nutzen; in
der Lage sein, andere bei der Entwicklung ihrer digitalen Kompetenzen zu unter-
stiitzen).

Response categories for G1-G5: Ich weif3 nicht, wie man das macht - Ich kann
das mit fremder Hilfe machen - Ich kann das selbststindig machen - Ich kann das
ganz sicher machen und, falls notig, andere darin unterstiitzen bzw. anleiten.

Response categories for G6-G10: sehr niedrig - eher niedrig - eher hoch - sehr
hoch.
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