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Abstract
Most student laboratories organized and cared for by universities try to enrich students’ interest in sci-
ences by offering experimental courses for school classes and working closely to their school’s curric-
ulum. At the Friedrich Schiller University Jena the working group for chemistry education is aiming to
enhance this offer in two ways by intertwining the existing classical student laboratory with digital me-
dia elements and providing it with a learning-to-teach-approach.
Learning-to-teach-laboratories are defined as a special organizational form of teacher education. By
supervising students during the experimental courses of student laboratories, student teachers can
gather teaching experience, thus combining learning activities of students with job-related qualifica-
tions of student teachers. Applying this approach to the student laboratory in Jena, chemistry student
teachers can experience a change of perspective from the role of a student to a chemistry teacher.
Furthermore, in all stages digital media such as iPads and Whiteboards will be used to improve stu-
dents’ experience of the course. Following the SAMR-model for the integration of learning technology
these technical augmentations are aiming to enhance and transform the learning culture of the student
laboratory through expansion of the experimental courses by new innovative modules, which will be
evaluated by an accompanying study.
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1. Introduction

Since 2003, the student chemistry laboratory of the Friedrich Schiller University Jena has offered
learning opportunities for interested learning groups of all ages. The student laboratory is funded, sup-
ported, and supenised by the working group for chemistry education and its staff. The courses, exper-
iments and materials have been deweloped over the years during various research projects and are
constantly updated and expanded. The provided materials include experimental instructions as well as
exercises to help understand the science behind them. Due to this set up it can be qualified as a ‘clas-
sical student laboratory’ [1].

When looking for ways to expand this offer, two fruitful approaches were found. To include the student
laboratory further in the teachers training a learning-to-teach-course was designed. Moreover, a
change to the experimental course design is being made. By including digital media and expanding
the experimental courses with e-learning units it is hoped that learning efficiency and motivation will
increase.

2. Student laboratories and the teacher education

Combining university-based teacher education with practice elements, learning-to-teach-laboratories
(abbreviated as ,LTL" in the following), especially in the training of prospective STEM teachers, play
an increasingly important role [2]. LTL is currently understood to be "[...] a special organizational form
of teacher education in which leaming, or support activities of students and the job-related qualification
of student teachers are meaningfully linked." [3]

2.1. Concept of the LTL in Jena

In a one-semester-module, chemistry student teachers in their first semester can already experience
an initial shift of perspective from the role of a student to a chemistry teacher. The focus here is on re-
flective engagement with beliefs and motivational orientations, which is an important component of
teacher professionalism [4].
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The concept is based on the principle
of subject-specific instructional coach-
ing which includes three sections: pre-
liminary discussion teaching se-
quence - debriefing. The phases of
pre- and post-discussion are designed
in corresponding to a co-constructive
dialogue [5] between the student
teachers and the lecturer. The partici-
pants work in small groups, each
planning and carrying out one session
in the student laboratory. After an in-
troduction, basic didactic seminars are
held for all participants, in which the
necessary contents are worked out

start of
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—
[
end of

introductory session
(qualification goals, procedure, etc.)

mandatory group-
related consultations

seminars &
practical courses

student laboratory session
& debriefing

together. Furthermore, the groups get

to know the experiments of their stu- ®

dent lab theme in practical courses. 050 closing session | I‘
Simultaneously, group-related consul- W  (Presentation of results & feedback) ’

tations are held to prepare the respec- semester

tive student laboratory session. Each
group then carries out the previously
planned teaching sequence in the student laboratory. Immediately afterwards, a debriefing session
takes place to evaluate the sequence regarding the reflection criteria previously defined. In a final
meeting, the group results are compiled, experiences are shared and reflected on together (Fig. 1).
During the module, all results and reflections are documented in a portfolio.

(Fig. 1: Schematic semester structure)

2.2. First evaluation results

Already from first experiences with the concept, the participants rated both the format and the early
theory-practice, as profitable overall [6]. In the pilot study, a questionnaire surwey in a pre-post design
with a five-point Likert scale (1 = not true to 5 = completely true) was used. A total number of 19 stu-
dents was surweyed. In the figures, the mean values associated with the items are shown with the re-
spective standard deviation. Regarding the perception of the course format, the data obtained general-
ly indicates that student teachers evaluate the practical experience in the first semester positively. The
basic conception is also considered sensible by them. Furthermore, specific course elements, such as
working in groups or the prior supenision by the lecturers, are also met with a high level of approval
(Fig. 2).

Assessment event format and early practical experience =Pre mPost

The previous It was helpful I think it's good I would have I consider
courses to have to be able to gain liked more the concept
prepared me prepared/ practical experience support from of the
well for the conducted the in dealing with the courses learning-to-
situation in the student lab students in the beforehand. teach-lab

student lab. session in first semester. to be useful.

a group.

(Fig. 2: Selected items on the assessment of the event format and the participants’
perception of the early practical experience)
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Concerning the career choice motivation, the piloting results initially indicate that participants chose to
study chemistry with a high level of motivation. This remains largely constant after the interaction with
the students. It is also evident that the experience tends to reinforce the career aspirations rather than
raising doubts about them. From this it can be concluded that an initial experience in the LTL can in-
fluence the career choice decision at the start of the study and even reinforce it (Fig. 3).

Career choice motivation and change in career aspirations = Pre =Post

I would like The preparation/ The preparation/ After completing
to become a execution of the execution of the the student lab
chemistry teacher. student lab student lab term, | feel
session has session made better prepared
strengthened my me doubt my for future
career aspirations career aspirations professional
to become a to become a practice.
chemistry teacher. chemistry teacher.

(Fig. 3: Selected items on the career choice motivation and on possible
changes of the wish to become a chemistry teacher)

Finally, the participants assessed the quality of their student lab session and their own competencies
(Fig. 4). In the area of these self-efficacy expectations, positive effects can be recognized regarding
the effectiveness of the unit planned and carried out by the participants as well as their own compe-
tencies. These can be observed mainly in the assessment of the students’ time management or the
evaluation of their own professional responds to students’ inquiries. Howewer, in the context of a one-
time interaction in LTL and regarding the point of time in the study, the effects are to be assessed as
low. The high standard deviations for many items indicate that the evaluation by the participants
seems to differ significantly on an individual level.

Quality of the lab session and self-efficacy expectations = Pre mPost

After the student The students 1 will be able to 1 will be able to
Iab session, the will do well/have respond/have assert myself in
students will/have done well with responded troubled situations./
achieved the the available confidently to I could assert

learning objects time for the students’ myselfin
we set up in experiments in technical inquiries. troubled situations.
advance. the student lab.

(Fig. 4: Selected items on self-assessed quality of the student lab session
and on aspects of self-efficacy expectations)
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3. Digitalisation and expansion of the student laboratory in Jena

The existing student laboratory is to be expanded at seweral central points with innovative modules.
One aim is to link classical and well-established aspects with future-oriented possibilities of the digital
world. Digital media should be used with a sense of proportion and by utilising their specific potential.
Therefore, digital aspects will be integrated in the different stages of the student laboratory day to dif-
ferent extents.

3.1. Renewed concept of the student laboratory
The renewed concept and schedule of a student laboratory day is illustrated in the following figure:

experimen- immersion

thematic tation phase:  ¢omparison phase: discussion

of results t‘s';is gfizlthe and feedback

introduction SXRRment And
exercises for the

laboratory laboratory

(Fig. 5: Renewed sequence of the student laboratory)

As preparation for the experimentation phase, a thematic introduction is planned, in which the stations
and their focal points are presented to get a distinct insight into the topic and to prepare the students
for the experiments accordingly. The experimentation phase itself is essentially identical to the prev-
ous contents of the classical student laboratory. Existing experiments from the student lab, which have
proven themselves during regular realizations, can therefore be adopted for this phase.

Afterwards, a comparison of the results from the student laboratory should take place. The students
can compare their results for each station and can correct previous mistakes and unclarities. With the
planned immersion phase, a completely new format will now find its way into the student lab day. The
students will have the opportunity to apply their knowledge and deepen their understanding of the sub-
ject-related aspects of the stations. A short discussion and feedback session should conclude the day
and offer the students time and space for reflection. In addition, any topics that emerge here can offer
suggestions for the follow-up of the student lab day in school.

3.2. Establishing the concept of a digital student laboratory

Digital media will be integrated into the work processes in a variety of ways. First, the previous exper-
imental instructions for the experimentation phase are gradually being conwerted into digital experi-
mental scripts. In the sense of e-books these digital experimental scripts can already contain graphics
or other interactive elements that extend the functionality of analogue scripts. In the sense of the
SAMR model [7] analogue content will be directly replaced by digital content and its range of functions
expanded. Thus, the first stage in the integration of learning technology, enhancement, is achieved.
The use of iPads also makes it possible to design tasks in a new and open way: The app Prezi will be
used for the thematic introduction. In this app, presentations no longer correspond to a linear format
but can be perceived interactively. In this way, several layers of the presentation can be incorporated,
and the reader can grasp the information in a self-determined way. The software Explain Everything
will be used in the immersion phase. This app can be used to simulate a whiteboard on any device,
which can be prepared in different ways depending on the task. Thus, additional help, videos, links,
etc. can be integrated, thereby transforming the learning environment. The next stage of integrating
learning technology in the SAMR model, transformation, is thus achieved and the potential of digital
media largely realised.
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(Fig. 6: Reconstruction of the SAMR model)

3.3. Evaluation and integration of the concept

The newly created concept is to be reviewed subsequently. For this purpose, a study with about 100
students is planned. The learning effectiveness will be examined by a pre-test/ post-test design. In the
beginning, only the immersion phase will be evaluated in comparison to groups who will instead expe-
rience the classical student laboratory schedule with more experiments. It will be investigated whether
the pupils who have gone through the student laboratory with the digital immersion phase achieve bet-
ter results and thus learning progress than those who have only gone through the experimentation
phase. This would be a first indication that the new offer is more effective for learning than the previ-
ous offer. The results of the study will then be analysed, and conclusions drawn about further devel-
opment possibilities and the future orientation of the student lab. A follow-up questionnaire is planned,
examining long-term effects of the intervention.

4. References

[11 O. J. Haupt, J. Domjahn, U. Martin, P. Skiebe-Corrette, S. Vorst, W. Zehren, R. Hempelmann.
~Schilerlabore. Eine Begriffsscharfung und Kategorisierung“, MNU Journal, 2013, 66, 324-330.

[2] Priemer, B., Roth, J.: ,Das Lehr-Lemn-Labor als Ort der Lehrpersonenbildung — Ergebnisse der
Arbeit eines Forschungs- und Entwicklungsverbundes.“ In Priemer, B., Roth, J. (Eds.): Lehr-Lern-
Labore. Konzepte und deren Wirksamkeit in der MINT-Lehrpersonenbildung, Berlin, Springer
Spektrum, 2020, 2-7.

[3] Bruning, A.-K.: ,Lehr-Lern-Labore in der Lehramtsausbildung — Definition, Profilbildung und Effek-
te fur Studierende®, in Kortenkamp, U., Kuzle, A. (Eds.): Beitrage zum Mathematikunterricht 2017.
51. Jahrestagung der Gesellschaft fir Didaktik der Mathematik., Minster, WTM-Verlag, 2017,
1377.

[4] Baumert, J., Kunter, M.: ,Stichwort: Professionelle Kompetenz von Lehrkraften.”, in Gogolin, .,
Scheunpflug, A., Schrader, J., Souvignier, E. (Eds.): ZfE: Zeitschrift fir Erziehungswissenschaft,
Springer Nature, 2006 (4), 482.

[5] Kreis, A., Staub, F.: ,Kollegiales Unterrichtscoaching®, in Schreiner, M. (Ed.): PraxisWissen
SchulLeitung. Basiswissen und Arbeitshilfen zu den zentralen Handlungsfeldern in der Schullei-
tung, Minchen, Wolters Kluwer Deutschland, 2005, 33(3), 1-13.

[6] Simon, M., Woest, V.: ,Die Ausbildung professioneller Handlungskompetenzen von Chemielehr-
amtsstudierenden im Lehr-Lern-Labor.“, in Habig, S. (Ed.): Naturwissenschaftliche Kompetenzen
in der Gesellschaft von morgen. Gesellschaft fir Didaktik der Chemie und Physik, Jahrestagung
in Wien 2019, Duisburg-Essen, 2020, 170-173.

[71 Hamilton, E. R., Rosenberg, J. M., Akcaoglu, M. “The Substitution Augmentation Modification
Redefinition (SAMR) Model: a Critical Review and Suggestions for its Use”, TechTrends, 2016,
60(5), 433-441.

CHEMA4954



