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Abstract

BioScientix is an innovative teacher education course directed to prospective biology teachers of the
secondary level. The goal is to offer an innovative learning environment at an early stage of their
academic education [1]. In a “Community of Practice (CoP)* [2] of scientists, science educators and
media educators the teacher students develop “explain-it” videos about biological themes. The CoP
has a blended learning structure [3], where face-to-face meetings and exchange via an e-learning
platform are offered [4]. During the course the teacher students work in teams. They analyze different
scientific contents in the field of ecology and cell biology and make didactical and medial
transformations by writing a story boards and produce “explain-it” videos. At least they evaluate their
self-produced videos in academic courses (peer evaluation).

The meta-evaluation of the course BioScientix is on two levels: 1) on the system level we analyze the
affordances [5] and the arrangement of the learning environment; 2) on the personal level we
investigate the participants’ professional development, their development of subject knowledge and
pedagogical content knowledge (PCK). We use qualitative and quantitative methods to gather data:
questionnaires (pre-post-design) and participants’ portfolios and videos and analyze them based on
the paradigm of the Qualitative Content Analysis [6].

Within the last two years 41 ongoing biology teacher students participated in the BioScientix study
program. They developed 17 “explain-it’ videos. The findings of the meta-evaluation demonstrate an
increase of subject and didactical knowledge of the participating teacher students. Most of them
highlight the relevance of the BioScientix for the future career as teachers. In addition, the learning
environment encourages students' interest and motivation.
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1 INTRODUCTION

"Books will soon be obsolete in the schools. Scholars will soon be instructed through the eye. It is
possible to teach every branch of human knowledge with the motion picture. Our School system will
be completely changed in ten years" Interview with Thomas Edison [7].

This quote by Thomas Edison was stated as early as 1913. Even then, as a pioneer of his times,
Edison recognised that books would be replaced by moving pictures in the communication of
knowledge. It actually took more than ten years, but even in the last years there was a significant trend
towards motion pictures. Thus, a survey of 249 Bremen students found that more than 60% use
explanation videos to prepare examinations and presentations [8]. The majority of these are found on
the "YouTube" platform. But explainer videos are not only for everyday questions; they are also useful
for explaining complex academic subjects [9].

The aim of the project BioScientix is to embrace this trend towards motion pictures and give
prospective teachers the abilities and tools to later create lessons that employ modern multimedia
formats.

The project "BioScientix — Design of a learning environment to develop and broaden specialised
didactical education" aims to develop, test and evaluates an innovative course in the introductory
phase of the Bachelor in Biology programme. It is primarily oriented towards students with a teaching
option. Specifically, the project involves the restructuring of the didactical introductory module Biology
Education 1 (Theoretical and practical basics of teaching and learning in biology). It combines two
partial didactic modules at an organizational level and creates a stronger reference to the subject-
specific courses of the introductory phase that are run in parallel to it. The goal is to have students
experience academic and social integration early in their study programme [1].
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2 THE PROJECT BIOSCIENTIX

With the establishment of a Community of Practice [2] characterised by a flat hierarchy, students work
within an interdisciplinary team supported by educational specialists, experts in the fields and media
educators. They do research on their own in select subject areas, developing their own questions, in
particular with respect to the content of introductory courses in cell and molecular biology, ecology and
botany; they then prepare these as didactic and media teaching videos. Explanations that are true-to-
fact and tailored to the target group are especially important. We assume that "a really good teacher is
someone who is above all knowledgeable and who can make the material easy to understand for his
students in both oral and written form" [10: 167]. Explanation competences themselves are what
cause the future teachers the greatest challenges [11].

2.1 The phases of the restructured BioScientix Bachelor programme

In order to cut back on the discrepancy between the theoretical and technical educational content and
later practical demands of teaching, the practical element of the bachelor module Biology Didactics 1
(a total of 6 CP) has been redesigned according to the principles of “inquiry-based learning” [12]. The
following phases are included:

2.1.1 Phase 1. The information phase.

According to Huber [13] inquiry-based learning begins "with presentation of the research process
through example, visual demonstration and bringing it to light through discussion” [13: 11]. In
accordance to these challenges, the BioScientix module also begins with clarification of a technical
content through examples (for example the process of apoptose or cell death), clarification through
subject-specific teaching methods (identifying potential misconceptions) and opportunities for didactics
through media. Exercises to help clarify the explanation process (e.g. Which visual or verbal
representation declare the subject content in an adequate way?) follow, as well as technical
information about how to prepare a storyboard, tips on cinematography, designing images and editing
videos. As a supplement, the basics for evaluating the learning effectiveness of the videos are taught.

2.1.2 Phase 2. Planning phase and creation of the storyboard.

Students form collaborative teams and with the support of the CoP experts they come up with the first
topics for potential explainer videos. As a part of this process, they make contact with different
research groups, become familiar with the laboratories and identify possible questions. Following
intensive (literature) research, they prepare a storyboard. They target group for this includes their
peers or in other words fellow students from the first semesters. The storyboards are presented in
plenary sessions and then, following thorough deliberation, they are revised again after from the
perspective of the specialist discipline, subject didactics and media education.

2.1.3 Phase 3. Creating the explainer video.

In the next step, the students transpose the media of their storyboards and create explainer videos.
These are not professional teaching videos, but instead 6-10 minute amateur videos using simple
technology that are characterised by thematic and creative diversity and an informal style of
communication. Hence, it is possible to create explanation videos as a part of the course without the
need for a huge budget [8]. Finally, the videos are discussed in a session with the entire class and
reviewed in terms of subject, teaching and media methodologies and then further revised.

2.1.4 Phase 4. Evaluation and reflection phase.

In the final phase, the students assume the roles of the researchers and evaluate their own videos in
subject-specific and/or didactic courses. To do so, they develop their own survey tools
(questionnaires) and independently analyse the collected data within their teams using simple
statistics and qualitative analysis of content [6]. They summarise their results and knowledge in short
evaluation reports and present the key aspects in a final session.

2.2 Sequence and team structure

The BioScientix course ran its pilot year in 2014/2015. There were 19 participants in the course. They
developed a total of seven explainer videos in the fields of cell and molecular biology or ecology. The
knowledge gained from the pilot phase was evaluated in a master's thesis [14]. The main survey took
place in the summer 2015 semester with 17 participants. Again, seven videos were produced in
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subjects including cell biology, ecology and botany. In WS 2015/16 seven participants produced three
didactic videos. Figure 1 demonstrates the team structure and the process of video development.
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Figure 1. Team structure and process of video creation.

3 EVALUATION DESIGN

BioScientix undergoes formative and summative evaluation on three different levels.
1. Evaluation of the explainer video:

Students evaluate the explainer videos they developed in academic courses. Therefore, they develop
questionnaires to investigate the effectiveness of the videos regarding the content, the didactical and
the medial transformation. They present the videos in subject specific courses and ask their peers for
a feedback and to fill in the questionnaire. Afterwards they analyze the questionnaires with qualitative
methods and write a evaluation report.

2. Meta-evaluation for the professional development of the students:

The professional development of the students in terms of their subject-related didactic knowledge of
the content is determined using a questionnaire (pre-post design) involving open and closed
questions. In addition, reflection journals and evaluation reports by the students are qualitatively
evaluated.

3. System evaluation:

The course also includes regular meetings of the interdisciplinary course team in which the
storyboards and explainer videos are analysed and assessed. In addition, interviews with specialists
are held to determine whether the videos can (will) be used in future courses or to generate more
ideas for explainer videos.
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4 FINDINGS

4.1 Evaluation of the explainer videos

Review of the evaluation performed by the students of their own videos shows that in general, these
are considered effective tools for learning. The criteria for this assessment were primarily suitability of
the subject and comprehensibility of the content. The survey also included items relating to "realisation
in media pedagogy" and "realisation in subject didactics" that were evaluated using a 6-point scale.
The students were also to evaluate their overall impression of the videos by giving it a grade. A
detailed presentation of the results is beyond the scope of this article. Thus, suffice it to say that all
videos were given average grades of 1.0 to 2.4 by peers in the areas to "realisation in media
pedagogy" and "realisation in subject didactics". The average grades for overall impression of the
videos were also largely positive and ranged from 1.4 to 2.2. In addition, the question was posed as to
whether the students considered the explainer videos a useful complement to the lectures. Again, the
values for each video varied, with 74-100% in agreement. Technical problems, in particular with
respect to tone quality, were the most common reason for points deduced in the evaluation.

4.2 Meta-evaluation for the professional development of the students

Evaluation of the surveys using the pre-post design showed that the expectation of efficacy by the
students for the design of the explainer videos had increased. The pedagogical content knowledge
(PCK) of those surveyed had been positively changed. Those questioned recorded an increased self-
assessed learning effect and greater confidence in producing the videos. Further, there was a positive
change in the reflection behaviour of the students after being a part of the BioScientix project. To
illustrate, below is an excerpt from one of the reflection journals:

"I feel that | have learned things in this seminar that | will be able to make good use of in my future
career. In my view, the project has helped bring me one step closer to my educational
professionalism". (R2_SoSe15; Stud. M.C.)

Despite the good feedback overall - the seminar was given positive recommendation by all students —
there was opportunity to improve the seminar, for example, by enhancing the technical resources and
more efficient time management. Further analysis indicated that to date explainer videos have been
incorporated in courses too rarely and that students feel that videos are a valuable diversified
alternative to lectures.

4.3 System evaluation

The interviews with the teaching staff were mostly related to the question of whether the explainer
videos could also be integrated into lecture courses in the future. Some of the videos were successful
in this regard. Unfortunately, as it was a pilot course, the lecturers did not deem all videos useable for
university teaching. Even after intensive revisions, the expectations of all lecturers were not met. This
was unfortunate but led to a restructuring of the next course. In the following session, the topics of the
explainer videos had already been decided with the lecturers from the specialties so that they could
better fit with the material of the courses. It was therefore very helpful that at the end, three of the
experts queried provided suggestions for continuing joint specialised didactic projects. One example is
the explainer video "Mycorrhiza" that had been incorporated into a Bachelor thesis.

5 CONCLUSIONS

The BioScientix project represents a contribution to realising the concept of more flexible design and
adjustment of content of existing academic modules in the Bachelor programme of prospective biology
teachers. Elements of inquiry-based learning make up a significant component of the required study
credits for the module. Didactic research is an essential part of training future educators that until now
has received too little attention in the Bachelor programme.

The BioScientix project hopes to promote inquiry-based learning especially among teacher students. It
facilitates the training and enhancement of individual interests and competencies among the students
through autonomous research priorities. A key aspect of learning through research is the
independence of the learner. According to Huber [13], it represents both the goal and the means to
achieve this goal. Specifically, this means that both the topics and the strategies of the research
process are structured by the students themselves. In learning through research, the students must
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persevere "with patience and logical consequence until a (positive or negative) result is achieved,
sufficiently testing their knowledge and tools to solve the problem" [13: 9]. The goal of the students'
work, like the researchers' work, are to acquire new knowledge. In working together though a research
cycle, the students experience that science is a social process in which cognitive, emotional and social
aspects are equally important and which proceeds from the initial curiosity through ups and downs to
the solution of a problem and its presentation [13]. The aim of the restructuring of the Bachelor
programme described here is to give students the opportunity for this active engagement with
research of a learning efficacy in an explainer video they create themselves. The structure is oriented
to the students and allows them to individualise based on their interests, learning style and social
interactions. The teaching and testing formats are flexible and include portfolio testing and evaluation
of the media they prepare. In this regard, BioScientix is an innovative course for networking specialist
study and educational study with later realities of a career as a biology teacher.

6 IMPLICATIONS

Overall the BioScientix project can be seen as a success. Although the pilot course still experienced a
few issues, we have learned from the initial mistakes and taken the criticisms to heart to continue to
develop the project. Students had the opportunity to assign a grade to the BioScientix course in
surveys. Even in the pilot session, there was a thoroughly positive response with an average grade of
1.9 given. This grade was improved on in the following session of the course, registering with an
average of 1.7. The positive resonance for the BioScientix course is embodied well in the quotes
below from the students' reflection journals:

"Overall, the creative work with the video was a completely new experience that | had never had the
chance to experience before in my studies in biology. A totally new perception of the everyday
workings of the university, in which you don't always have to follow protocols 1 to 1 and which |
personally liked a lot.“ (R2_SoSe15; Stud. S.F.)

“I discovered my creative side in this course and was able to put this to use in creating the video. | had
never prepared an explainer video before but was fully satisfied with the production and design. In
today's times it is very important to work effectively with media. It is always a benefit to carry out these
kinds of projects where you learn something new and useful.” (R2_SoSe15; Stud. A.E.)

BioScientix can serve as a model and be carried over to other subject areas with a teaching option.
The only prerequisite is the willingness of the academics, subject experts in each field and science
educators, to cooperate.
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