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Abstract
Digital competencies are understood as knowledge, skills, and attitudes necessary for professional
use of digital tools to support teaching and learning. As part of a pilot project at the Friedrich-Schiller-
University Jena, a course was designed in which pre-service science teachers became familiar with
different digital tools, reflected on their use in the classroom, and were encouraged to design ideas for
digital support of teaching and learning processes in the course. To this end, students worked with a
laboratory simulation software (Labster) and developed initial projects for its use in differentiated
instruction. Laboratory simulation software provides a new approach to experimentation in science
without the need for physical laboratory equipment. The digital format thus makes experiments
possible that may not be able to be conducted due to the lack of necessary equipment. In addition, a
digital format allows experimentation experiences to be more easily adapted to the diverse needs of
learners. This is in part due to the accessibility that comes from being independent of physical lab
spaces, and partly due to the ability to quickly and immediately access additional information, help,
and feedback. The digital competencies of the pre-service teachers were surveyed by means of a
guestionnaire. More specifically, it was assessed how confident they felt in using digital tools in the
classroom in general and in experimentation in particular.
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1. Introduction .

The “Progressive Science Education” project was funded IMPULSEP*® at the Friedrich-Schiller-
University Jena. The goal of the project was to address accessibility and equity in science education
using digital tools. One aspect of the project was Virtual School Lab in which pre-service teachers
learned to use simulated laboratory software from Labster. Here digital competencies were addressed
in the sense of a broad concept of competency, which are acquired by pre-service teachers and
further professionalized in order to be able to be later reflected in their own school and lesson design
and continuously developed further [1]. Specifically, the possible uses of simulated laboratory
environments and the benefits that arise from this use for teaching practice were explored and
examined.

2. Simulated laboratory environments

Labster software was chosen for the Virtual School Lab project because it offers the most simulations
and excellent graphics. The high quality of the simulations is due in part to collaboration with several
scientific institutions that review and influence the quality, accurate content, and presentation of the
labs. In addition, a lot is being invested in didactic developments for the simulations and there are
already some studies on the effectiveness of the Labster simulations [2, 3, 4, 5, 6]. The use of Labster
therefore offers numerous advantages. It offers real problems in authentic contexts, safe
experimentation, individual learning pace, research-based and in-depth learning approaches
supported by quizzes and further information, playful elements as well as storytelling and gamification
approaches for increased engagement.

While Labster was originally only available in English, many simulations and corresponding lab
protocols were translated into German in 2020 and 2021. This made the use of Labster much more
appropriate for school use than just a couple years prior.

3. Course concept
In order to explore and investigate the possible uses of simulated laboratory environments, a seminar
for pre-service biology teachers was developed that allowed students to become familiar with Labster
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and practice using it. Due to the global pandemic, the course was carried out completely online in the
summer semester of 2021 at the Friedrich-Schiller-University Jena. The course was divided into four
sections, which the students could complete in eight to ten hours. The initial meeting served as
orientation, in which the students could familiarize themselves with the software. This was followed by
independent testing phase whereby the pre-service teachers could explore a variety of simulations (at
least three). Building on their experiences, the students developed initial classroom implementation
ideas on how they would use Labster in the classroom. Here one of the goals was not only to examine
how Labster could be used to meeting curriculum goals but also to support equity and inclusion in the
classroom. In a final phase, the students presented their project ideas and received feedback on the
feasibility as well as on the opportunities and challenges of using laboratory simulations in the
classroom.

4. Digital competencies

Digital competences are defined as the knowledge, skills and attitudes that are necessary for a
professional use of digital media and tools to support teaching and learning [7, 8, 9]. It is therefore
about the expertise of instructors in dealing with digital media and tools, who display pedagogical and
didactic judgment and an awareness of their effects on the learning and digital education of students
[10]. Three models are well established as a means to measure differentiated sub-areas of teachers’
digital skills, namely the TPACK framework model by Kohler and Mishra [11], the K19+ framework
model by Schultz-Pernice et al., [12] and the DiKoLAN orientation framework by Becker et al. [7]. Yet,
none of these three models focus specifically on the attitudes and preparedness to use digital tools.
These aspects represent an important condition for the acceptance and use of digital tools, which is
why an additional model was necessary. For that purpose, we used the “Teachers’ preparedness to
use ICT in education” tool developed by Viberg et al. [13], which was developed based on TPACK and
on the work from Venkatesh et al. on the Unified Theory of Acceptance and Use of Technology [14].

5. Data collection
Pre-post-questionnaires were used to collect date prior to the beginning of the course and following
the conclusion of the course. A total of 70 students participated in the course and the questionnaire.
The preparedness of the pre-service teachers to use digital tools was surveyed using an online tool
SoSciSurvey. As part of the quantitative accompanying research, the preparedness of the students to
use digital tools in the classroom was examined. Hereby, digital tools were defined as all digital
technologies that can be used to support student learning (e.g., game-based learning, simulated
laboratories, VR, AR, LMS, applications for collaborative work). Based on Viberg et al. [13], the
preparedness to use digital tools is to be regarded as a constitutive part of teachers’ digital
competence, which affects attitudes and dispositions. Preparedness in this sense comprises seven
sub-areas: (1) the ability to use digital tools, (2) social influences and support, (3) the intention to use,
(4) the usefulness and efficiency, (5) the pedagogical potential, (6) the awareness of support and (7)
the awareness of limitations. For the study, the questionnaire [13] was translated into German and
adapted to allow pre-service teachers to better respond to the items. Two subscales were excluded (2
and 6) due to their explicit reference to in-service practices. In the following, the two subscales for the
ability to use digital tools and the pedagogical potential of the same are discussed. The items serve as
examples:

- |Ifind it easy to learn how to use digital tools. (ability to use digital tools)

- | am aware of the possibilities and limitations of digital tools in my teaching. (pedagogical

potential)

6. Results

Ultimately, only 31 completed pre-post-questionnaires could be used for further analyses. The
Wilcoxon test was used to analyze the pre-post-results. Two statistically significant results could be
identified. On the one hand, the self-assessed abilities of the respondents to use digital tools before
participating in the Labster training differ significantly from their assessment afterwards with a strong
positive effect (N = 31, z = -3.608, p = .000, r = .65). On the other hand, the estimated pedagogical
potential that the respondents attribute to the use of digital tools before participation differs
significantly from their assessment afterwards with a strong positive effect (N = 31, z = -3.067, p =
.002, r = .55). Figure 1 shows the boxplots for the differences described.
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Fig. 1. Boxplots in comparison before (striped) and after the intervention (grey) for the self-assessed
ability to use (left) and the assessed pedagogical potential of digital tools (right)

The two significant results show that even short-term interventions can have strong effects on the
preparedness to use digital tools - at least if the students themselves become active. In total, the
participants worked between eight and ten hours with Labster, but only 20 minutes of that time they
received concrete input for use by the lecturers. This change among the students was supported by
the task of designing a classroom implementation project that was as concrete as possible and in
which the digital tool used was used. There are no significant differences for the scales of intention to
use, awareness of limitations, and estimated usefulness and efficiency. However, at least one positive
trend can be seen for the latter.

7. Conclusion

While the sample size was too small to make any general conclusions, the results give an indication of
how pre-service courses can support the development of digital skills and preparedness. While the
course was relatively short and much of the work was done asynchronously, we believe that the
positive influence on both self-assessed ability and pedagogical potential is largely due to the project-
based format of the course (i.e. active engagement with the introduced digital tool (Labster),
development of concrete implementation ideas for the classroom, and peer-feedback about these
implementation ideas).
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