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Abstract

In Germany, science education standards for students at the end of grade nine have been in existance since 2005.
Some of these standards are dedicated to scientific inquiry (e.g. experimentation). They describe which abilities
learners are expected to possess at the end of grade nine. In the USA, several documents describe standards for
Teaching Inquiry (NGSS 2013, NRC 1996/2000/2007, AAAS 1989). Presently, comparable teaching standards
for science teachers are mostly lacking in Germany. Further, there are hardly any instruments that allow for the
assessment of specific competences pertaining to teaching experimental lessons and assessing student
competences in experimentation. Therefore, the aim of the project described in this paper is to develop
assessment instruments for biology teachers who are being trained at universities as well as in in-service teacher
training programs with respect to i) analyzing experimental biology lessons, ii) planning experimental biology
lessons, and iii) assessing student achievements in experimental biology lessons. The article gives insights into
ongoing research with respect to assessing the quality of biology teacher education. Finally, the developed
measurement instruments should allow for assessing the learning preconditions of future biology teachers. The
instruments offer first starting points for the development of sensitive measures for longitudinal studies to
investigate university teacher education and teacher traineeship in the subject of biology.

Key words: Science education, Biology teacher trainees, Measurement instrument, Pedagogical content
knowledge, Experimentation.

Introduction

The concept of competence has received increased attention in educational research in Germany. In particular,
the “assessment of competencies plays a key role in optimizing educational processes and advancing
educational systems” (Koeppen et al., 2008, p. 61). Also, theoretical competence models (e.g., Bybee 1997) are
presently being given an empirical foundation. Though current efforts in competence modelling and assessment
have focussed on student competences mainly, teacher competences have also been closely studied. Teacher
competences have received even more attention after the German Federal Ministry of Education and Research
launched a funding initiative dedicated to the modeling and assessment of competences in higher education in
2012 (KoKoHS; cf. Blomeke & Zlatkin-Troitschanskaia 2013).

The present paper reports on a research project (ExMo) from this funding initiative. Its main focus is the
development of measuring instruments geared at testing teaching competences and assessment competences of
biology teacher trainees with regard to experimentation. Three German universities are involved in this project,
i.e. University of Miinster, University of Gottingen and University of Bamberg. As an intended effect, the
measuring instruments are expected to contribute to improving science teacher education — an international
request (European Commission 2011).

Theoretical Background and Rationale
Standards for Teacher Education in Germany

In the USA, there are several documents which focus on teaching standards in general and Inquiry Teaching
standards in detail (NGSS 2013, NRC 1996/2000/2007, AAAS 1989). In Germany, comparable teaching
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standards are mostly lacking. While standards for teacher education exist, these standards are rather general and
focus mainly on interdisciplinary and pedagogic competences. Specifically, the Standing Conference of the
Ministers of Education and Cultural Affairs of the Linder in the Federal Republic of Germany (KMK 2004) has
drafted a document with eleven standards for teacher education and training. These break down to aspects of
Teaching, Education, Assessment and Innovation. An additional seven standards from this document pertain to
biology lessons in particular. Merely one standard is devoted to Scientific Inquiry Teaching. In addition, the
Association for Subject Education has published a framework for standards concerning the university phase of
teacher training (GFD 2005). The document describes 20 standards in the following areas: Theoretical reflection
of subject-matter education, subject-matter teaching, subject-specific assessment, subject-specific
communication, development and evaluation of instruction and curricula. The standards also describe rather
general aims such as: “Teacher trainees can describe and explain subject-specific educational concepts in a
systematic way” (GFD 2005, p. 1).

Since teaching standards and assessment standards related to scientific inquiry are mostly lacking in Germany;, it
was necessary to specify the existing frameworks with respect to teaching scientific inquiry and assessing
student achievement in scientific inquiry classes. Specifically, considerations were made concerning the
question of what biology teacher trainees should be able to do (in terms of can-do statements) when they
analyze experimental biology lessons, plan experimental biology lessons and assess student achievement in
experimental biology lessons. Subsequently, test items related to these three dimensions were developed in order
to build reliable and valid measures.

Teaching Experimentation in Biology Lessons

Internationally, science educators agree that scientific inquiry is central for the acquisition of scientific literacy.
In addition, educational research has documented the contribution of experimental classroom experiences for the
development of the leaners’ scientific literacy (Abell 2007, Hofstein & Lunetta 2004, Sandoval & Reiser 2004,
Chinn & Malhorta 2002, Psillos & Niedderer 2002).

Many countries have implemented teaching standards for scientific inquiry, which underlines the importance of
scientific inquiry in general and of experimentation in particular (NGSS 2013, NRC 1996, AAAS 1993, Council
of Ministers of Education 1996 [Canada], Department of Education 1995 [England], Ministry of Education 1993
[New Zealand], KMK 2004 [Germany]). However, learners are often unable to meet the expectations
formulated in the standards (Grigg et al., 2007, Coble & Allen 2005, Bybee & Fuchs 2006, PISA 2004). Against
this background, the National Research Council has argued that the learning outcomes need to be seen in the
context of classroom teaching: “What students learn is greatly influenced by how they are taught” (1996, p.28).

Central ideas for effective scientific inquiry teaching are made explicit in the National Science Education
Standards (NGSS 2013, NRC 1996). In Germany, the comparable documents are less detailed — as described
above — and, as a consequence, they provide less guidance for teachers who intend to teach scientific inquiry in
the classroom. However, scientific inquiry teaching in German schools often draws on the principles of inquiry
teaching approaches that have been published internationally (cf. Hammann et al., 2008, Sandoval & Reiser
2004, Mulhall & Loughran 2003, Colburn 1997, White & Gunstone 1992). The following two examples are
intended to illustrate this point.

In Germany, the national biology education standards (KMK 2004) specify that learners are expected to be able
to form hypotheses, plan experiments and analyze data. These competences are theoretically grounded in the
SDDS-Model (Scientific Discovery as Dual Search) by David Klahr (2000). Biology teachers need to be able to
support students in acquiring these competences, for example by following the recommendation that instruction
mirror the phases that can be observed when scientists engage in scientific inquiry. Anderson states: “It is
implied that inquiry learning should reflect the nature of scientific inquiry” (2002, p. 2). This recommendation
can also be found in an important document issued at the beginning of a large national project for increasing the
quality of science and mathematics education in Germany (Bund-Lander Kommission 1997).

Further, scientific inquiry can be used to teach contents and methods. The dual function of scientific inquiry is
clearly visible in current approaches to teaching scientific inquiry, for example when learners are expected to
“develop knowledge and understanding of scientific ideas, as well as an understanding of how scientists study
the natural world” (Anderson 2002, p. 2). When students engage in experiments on seed germination, for
example, they can learn about the factors responsible for this phenomenon, but also about the control-of-
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variable-strategy. Scientific inquiry teaching is thus marked by instructional measures that aim at a conceptual
understanding as well as an understanding of the aims and methods of scientific inquiry.

Future biology teachers should be trained to take these exemplary ideas and distinctions into consideration when
planning and analyzing experimental biology lessons. These ideas and distinctions are also central for
developing a measurement instrument that aims at testing teacher trainees’ competences, as the two following
examples show:

e Inatest item concerned with assessing the competence of planning experimental biology lessons,
a work sheet is depicted that a teacher wants to use in class. In the work sheet, the phase of
hypothesis formation is not taken into account. Thus, the work sheet it is not systematically
oriented towards the stages of scientific inquiry. The teacher trainees are asked to modify the
work sheet in a way that it also promotes hypothesis formation.

e In a test item concerned with assessing the competence of analyzing experimental biology
lessons, a situation is depicted where a group of learners records data that contradicts scientific
findings. The teacher considers excluding the data of this group based on the rationale that
incorrect data does not promote an adequate understanding of a biological phenomenon. The
teacher trainees are asked to decide whether or not the teacher’s intended action is appropriate.
The teacher trainees are expected to recognize that it is not content knowledge alone that can be
gained from an experiment. Disconfirming data can also be used to train students how to analyze
data appropriately.

Item development very soon made it clear that there are multiple alternative ways to proceed when doing
scientific inquiry and that it is impossible to expect teacher trainees to describe the one and only correct way.
Item development, as indicated above, built on the idea that there are more or less effective ways of teaching
scientific inquiry — and that mismatches between educational goals and procedures must be avoided, but this
does not mean “that all teachers should pursue a single approach to teaching science” (Anderson 2002, p.2).

Definition of Competences

In this paper, the focus lies on teachers’ competences, e.g., analyzing experimental biology lessons, planning
experimental biology lessons and assessing student achievement in experimental biology lessons. Drawing on
Weinert (2001), Klieme & Leutner (2006) and Koeppen et al. (2008), competences are defined as “context-
specific cognitive dispositions that are acquired and needed to successfully cope with certain situations or tasks
in specific domains” (Koeppen et al., 2008, 62).

Specifically, the competence to analyse lessons is defined as the cognitive disposition to “appropriately
apprehend and assess the quality of observed lessons with regard to effectiveness” (Ploger & Scholl 2014).

Further, the competence to plan lessons is defined as the cognitive disposition to “anticipate goal-oriented
actions in future situations. It is connected to the determination of prerequisites for successful actions (e.g.,
learning preconditions of students or the availability of materials, media, tasks) and to the thinking through of
different opportunities for action in order to decide on a certain course of action” (Kiper 2012).

Finally, the competence of assessing student achievement is considered as the cognitive disposition to
“continuously assess the level of knowledge, learning progress and performance difficulties of individual
learners as well as the difficulties of different learning tasks” (Weinert 2000, p.14).

Target Group

The study described in this paper aims at assessing the competences of university students intending to become
biology teachers. Future biology teachers decide at the beginning of their university studies, which teaching
certificate they aim for: (i.e., high school, comprehensive school, vocational school and academic high school.)
All types of biology teachers were included. Also, the sample included students from the two phases of
university education (BA and MA). Several German universities from the Lénder of North Rhine-Westphalia,
Lower Saxony, Mecklenburg-Hither Pomerania and Bavaria participated in the pre-piloting and piloting of the
measurement instruments.
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Considerations for the Development of the Measurement Instruments
Connection to current research

Pedagogical Content Knowledge and Competence: In the USA and in many countries world-wide, teachers’
expertise is currently being researched within the framework of Pedagogical Context Knowledge (PCK). A
European contribution to PCK research is its emphasis on teachers’ competences —rather than teachers’
knowledge — a difference that will be further elaborated in the following part of the paper.

American researchers assume a knowledge base of teaching (Shulman 1986, 1987), which consists of several
categories of knowledge, including Pedagogical Content Knowledge. The dimensions of PCK are framed
differently depending on the research group. Shulman (1986, 1987), for example, names seven categories of
PCK relevant for science teaching, Magnusson et al. (1999) five. The term knowledge seems to be the focal
point of American research.

German research regarding teachers’ professional knowledge utilizes the framework of international PCK
research, but focusses on assessing competence. The terms knowledge and competence refer to different
constructs. The term competence is defined as the “mental conditions necessary for cognitive, social and
vocational achievement” (Weinert 1999, p. 26). Thus, the emphasis lies on coping with real-world problems. As
a consequence, competence research focuses on problem solving skills, i.e., “all those skills required to evaluate
the relevant features of a problem, so that suitable solution strategies can be selected and used” (Weinert 1999,
p- 8). Without PCK however an instructor cannot be competent. “Knowledge is the necessary foundation of
competence” (Weinert 1999, p.5).

PCK-models, hence, are not identical with competence models. Rather, competence models focus on a defined
psychological construct (see above) and they specify the structures of a competence (structure models), levels of
competence (stage models) and changes in competence through instruction and in time (development models)
(cf. Koeppen et al., 2008). Structural similarities, however, can be seen, when the components / categories of
PCK maodels are compared to the structure model of teacher trainee competences presented in this paper (i.e.,
analyzing experimental lessons, planning experimental lessons and assessing student achievement in
experimental lessons). Specifically, it is possible to draw on the PCK-model by Magnusson et al. (1999) in order
to illustrate similarities. In Magnusson’s model, five components of PCK are described: Orientation to Teaching
Science, Knowledge of Science Curricula, Knowledge of Assessment of Scientific Literacy, Knowledge of
Instructional Strategies and Knowledge of Students’ Understanding of Science. The competences of analyzing
and planning experimental lessons can be attributed to the PCK-components of Knowledge of Students’
Understanding of Science and Knowledge of Instructional Strategies. Further, the competence of assessing
student achievement in experimental lessons can be related to the PCK component of Knowledge of Assessment
of Scientific Literacy.

Projects with related Objectives: Test instruments for assessing the competences of planning and analyzing
lessons focusing on scientific inquiry are rare. Prior to this project, however, it was possible to find related
studies with similar research questions.

The project Pedagogy of Science Inquiry Teaching Test (POSITT, Cobern et al., 2014) is concerned with
assessing pedagogical content knowledge of inquiry science teaching. The POSIT-Test is an important reference
point for the present study, as item development for POSITT showed that it is possible to use realistic vignettes
with questions related to them for a paper-and-pencil test. A similar approach to item development is presented
in this paper. POSITT, however, focuses on teacher trainees’ preferences regarding different teaching strategies
and, assesses so-called teachers” orientations. In EXMo, in contrast, realistic teaching vignettes are used in order
to assess teachers” competences.

In the project Professional Minds, Oser (2010) examines the quality of complex competence profiles (not
individual competences) of teachers, which include cognitive aspects (e.g. clarity of task) as well as affective
aspects (e.g. acceptance, empathy). ExMo, in contrast focusses on individual competences which are defined as
cognitive dispositions.

Teachers’ analyzing competence is currently being investigated in a project by Ploger and Scholl (2014). This
study, however, is not concerned with a specific, subject-specific procedural competence like experimentation.
Instead more universal aspects related to analyzing classroom situations are being examined. Ploger & Scholl
(2014) use the model of hierarchical complexity (Commons 2008), and distinguish between horizontal
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complexity and vertical complexity. The same framework is also used in the study presented here for developing
items and for coding the answers (see options for the coding of open tasks, p.7).

Seidel et al. (2011) investigate teachers’ perception of classroom situations. Specifically, classroom situations
are presented in the form of video vignettes and teachers are asked to analyze them. In this study, rather general
criteria (as opposed to subject-matter specific criteria) are used, such as e.g. the difference between describing
and explaining a classroom situation. The distinction, however, is well taken. It is relevant for item development
in the study presented here. The concept of professional perception (Goodwin, 1994; Sherin, 2002) states that
the mere description of a lesson puts lower requirements on a teacher than explaining and predicting. This
aspect of analysing a lesson is taken into account in ExMo for the development of tasks and code manuals as
well.

Baer et al. (2011) investigate teacher trainees’ knowledge about important aspects of planning a lesson. The
focus of their research is the teacher trainee’s knowledge of important concepts (de Jong & Ferguson-Hessler,
1996), for example knowledge of teaching methods and curricula. The level of specificity, however, required for
answering the items, is very general. The teacher trainees, for example, can solve an item by simply stating that
it is important to plan longer teaching units (as opposed to individual lessons) and that it is important to make
choices against the background of their knowledge of curricula. Also, subject-matter specific aspects regarding
experimentation are not taken into account in this project.

Diibbelde (2013) examines diagnostic competences of biology teacher trainees concerning the domain of
knowledge acquisition. The project aims at developing a test instrument with closed task types for status and
process diagnostic competences. Among other things it is recorded how far biology teacher trainees assess
students’ results and work processes when experimenting with the help of given evaluation criteria. Diibbelde
pursues a partly similar aim as we do within ExMo regarding assessment competences. In her test instrument
teacher trainees are given, for instance, a worksheet filled out by two students to document the steps of their
experiment. The teacher trainees are asked to assess the students’ results with regard to the given criteria. For
each criterion, the teacher trainees have to choose one of three (or four) alternative answers. For instance, they
have to assess whether the students’ hypothesis is related to the research question by ticking off “yes”, “no” or
“don’t know”.

The test instrument used in Diibbelde (2013) includes comparable criteria pertaining to experimentation as the
ExMo test instrument. In ExMo, however, it is of central interest to find out to what extent the teacher trainees
know (and activate on their own) criteria with respect to experimentation, typical preconceptions and difficulties
students have when experimenting. In addition, we are interested in knowing to what extent teacher students are
able to independently utilize these for the assessment of students’ achievements. For a differentiated evaluation
of the teacher trainees’ assessment cognitions open tasks are used in ExMo. The tasks describe students’
performance in experimenting and then ask the teacher trainees to assess either the formation of hypotheses,
planning of experiments or data analysis. For this, the teacher trainees have to be aware of the criteria and apply
them correctly and in a sophisticated manner.

Selection of Subject-Specific Content

The teaching vignettes focus on biological topics that can be found in the curricula of most Lander in Germany.
Also the biological topics chosen can be combined with experiments pertinent to students. For the grades 5-6,
seed germination was chosen, for grades 7-8 photosynthesis and for grades 9-10 enzymes.

Central Challenges
First attempts at item development quickly showed two major challenges, which deserve closer study:

1) In order to assess the teacher trainees’ competence to analyze lessons, the complexity of the situation
has to be reduced to some degree so that it is possible to code the answers of the teacher trainees” test.
At the same time, the complexity shouldn’t be reduced too far so that the realistic character of
classroom situation doesn’t get lost. The aim is to assess a person’s competence to solve real-world
problems and arrive at answers that can be coded.

2) In order to assess the competence of planning lessons, the openness of planning decisions must be
restricted to some degree in order to arrive at answers that can be coded. However, the situation should
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not be reduced too much, so that the character of the situation still classifies as real-world problem
solving. This situation is analogous to the situation described under challenge 1.

Dealing with Challenge #1

In order to sufficiently reduce the complexity of analyzing classroom situations, the decision was made to
explicitly state which competence the teacher in the teaching vignette intends to promote when teaching an
experimental lesson. Also, the question that needed to be answered was framed in a way that decreased the
possibility of variation. In a current item (see appendix: Task 1), the description can be found that a teacher has
three different options in order to promote the student competence of planning experiments independently. The
teacher trainee’s task is to judge which approach is the most suitable and give reasons for their decision.

During item development two further insights were gained: Multiple choice questions proved unsuitable
because it was found possible to answer them through logical reasoning and reading skills alone (see appendix:
Task 2). Also, open-answer tasks, which did not specify the competence the teacher intends to promote, allowed
for too much variation in answers so that coding the answers proved impossible.

Dealing with Challenge 2

Similar to challenge 1, it was necessary to find a way of limiting the variation in possible answers. In particular,
the item contains a description of an experimental lesson. The teacher trainees are encouraged to plan
alternatives or suggest changes because specific aspects of the plan contain flaws or mismatches between
intended aims and specific aspects of the lesson. Generally, items assessing the competence to plan experimental
lessons, also state which experimental competence the teacher intends to promote.

Options of Coding Open Tasks

When coding the answers we utilized Commons’ (2008) concept of complexity. Commons describes that it is
possible to distinguish complexity in two ways: Horizontal complexity implies that several pieces of information
are processed on the same level, while vertical complexity entails a processing of information on different
levels. With regard to teaching and assessing competences of teachers, this model of complexity can be applied
as follows: When analyzing, planning and assessing, teachers must constantly take several unrelated aspects into
account. This may entail e.g. aspects related to subject matter, social aspects and methodological teaching
aspects. A teacher has to consider several students” conceptions that are independent from each other or
diagnose student errors, which occur simultaneously but independent from each other (=horizontal complexity).
The more aspects there are that need to be considered, the greater is the challenge for the teacher. It is not only
the amount of tasks to be managed simultaneously but also the difficulty of an individual task, which influences
the complexity of the challenge. Thus it is easier e.g. to simply name an occurring problem rather than give a
well-founded explanation of the causes of the problem (=vertical complexity).

An exemplification of the coding manual of a task that encompasses both horizontal and vertical complexity can
be found in the appendix (see Task 1).

At the end of the task, teacher trainees are required to rank three options from the easiest to the most difficult
and to describe which aspects of planning an experiment are responsible for the different levels of difficulty.
The following three aspects can be distinguished for differentiating between the difficulty of the three options
(cf. Hammann et al., 2007):

1. Does the teacher tell the students which factors need to be examined [easier] or do the students have to
determine the factors themselves [harder]?

2. Do the students have to examine one factor [easier] or a several factors [harder]?

3. Do the students have to plan a small number [easier] or a large number [harder] of experimental setups?

The maximum score for this task is 4 points. Mentioning the three difficulty-generating aspects (horizontal
complexity) and giving reasons for the three difficulty-generating aspects (vertical complexity) are scored with
one point each, as is the correct ranking of the three aspects. The assumption underlying this coding is that on
the one hand a teacher needs well-founded theoretical knowledge about the difficulty-generating aspects of
experiment planning while on the other hand especially the performance during the lesson is key for students’



198 Hasse, Joachim, Bigeholz & Hammann

learning success. Hence, a teacher trainee who names the correct and consequently sensible order for the
practical application during a lesson, but only names two of the difficulty-generating aspects receives the same
number of points as a teacher trainee who names all three aspects but does not arrange the options in an
appropriate way.

The coding guide provides guidelines as well as anchor examples and contrasting examples, as specified by
Biihner (2011).

Item Development
Iterative Process

According to Wilson (2005), item development is an cyclical process with four “building blocks” (i.e., construct
maps, item design, outcome space and measurement model). The results of each step in the process inform the
next step. Also, the process is iterative and the cycle may be repeated multiple times.

Item Development for nine Facets of Teaching and Assessment Competence

Nine facets (see Table 1) arise as a result of crossing three teachers’ competences with three student
competences. Prior to item development, a framework for item development was drafted in order to provide a
systematic basis that was meant to ensure the subsequent comparability of all tasks in data analysis (Murphy &
Davidshofer, 2005; Gruijter 2008). This framework states, for example, that the item development follows the
approach of rational item construction (Kline, 2005), that items require open-responses, and that items start with
a description of a realistic situation.

Table 1: Facets of teaching experimentation in biology

eachers competences  Analyzing experimental Planning  experimental Assessing students
lessons lessons achievements in
Students experimental lessons
competences Analyzing teachers” Planning instructions that

Assessing the quality of

decisions that aim at ... aimat ...

Forming hypotheses

...teaching students how
to form hypotheses

...teaching students how
to form hypotheses

...hypotheses formed by
students

Planning experiments
...teaching students how
to plan experiments

...teaching students how
to plan experiments

...experiments planned by
students

Analyzing data
...teaching students how
to analyze data

...teaching students how
to analyze data

...students interpretations
gained by analyzing data

Formulation of concrete Requirements for Teaching Experimentation

In general, the development of a test for assessing complex features must always be preceded by a specification
of the object of measurement (cf. Kline, 2005). Taking into consideration the relevant specialized literature (e.g.,
Carey et al., 1989; White & Gunstone 1992; Gott & Duggan, 1995; Driver el al., 1996; Colburn, 1997, Chen &
Klahr, 1999, Kanari & Millar, 2004, Bybee et al., 2006, Hammann et al., 2008; Ford, 2008; Gyllenpalm et al.,
2010), central requirements for biology teachers when teaching experimentation were organized with regard to
the nine facets.

The latter shall be illustrated by means of an example for the facet of Analyzing teachers’ decisions that aim at
teaching students how to form hypotheses: A biology instructor should be able to...

e ...evaluate and analyze the challenges in planning different experimental courses of action.

o ...identify the aspects that constitute the range of complexity of different tasks. This especially includes
the number of variables to be tested and the number of experimental setups to be compared as well as
naming of the variables to be tested.

This concrete requirement was operationalized in the test item discussed above (see appendix: Task 3).
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Discussing Prototypical Tasks with Experts

Following the development of prototypical items, a multi-day workshop was conducted. During this workshop a
framework for the item development and prototypical items were introduced and discussed. As part of this
meeting all prototypical tasks were discussed, modified or excluded, if they proved unsuitable for the
assessment of the targeted competence.

In addition, the tasks and items for the evaluation of assessment competence were tested in an expert panel for
the validity of their content. Six experts (among them three scientists and three teachers) came to the conclusion
that the lesson vignettes can be considered realistic and the tasks may be considered part of the interesting
collectivity of possible tasks for assessment competence regarding experimentation. The results of this expert
survey were taken into account in the further development of items.

Studies of Thinking-Aloud Protocols

The aim of think aloud protocols (cf. Ericsson & Simon, 1980 & 1999) is to assess people’s’ cognitive processes
(Hussy et al., 2010), for example in order to make sure that the items are suited to initiate the processes that are
expected to occur when analyzing a lesson, planning a lesson and assessing learning outcomes.

In the study, 32 biology teacher students (16 people worked on items concerned with analyzing and planning at
the University of Miinster, an additional 16 people worked on items concerned with assessment at the
University of Gottingen) we presented with 8 or 10 items each. All test persons took part in the study
individually and received a standardized methodological instruction to the study of thinking aloud in the
beginning. The think aloud protocols were analyzed qualitatively in order to refine items for the following
quantitative studies.

Item Piloting and Analysis
Sample and Goals

The piloting of the developed tasks encompassed 2 subsequent studies: In the pre-pilot, 51 students of the
Universities of Miinster and Gottingen participated. In total 60 items were tested. Each teacher trainee received
a test booklet with 9 items that either required analyzing and planning experimental lessons (N=27) or assessing
student achievement in experimental lessons (N=24). The aims of the pre-pilot were the advancement of the
scoring guides and the optimization of tasks.

In the second study, the pilot study, 160 students from six German universities have participated so far. In this
phase, each testing booklet contains 9 items concerning analysis and planning or the assessment of students’
achievements.

Work so far

The project ExMo currently moved on to its second pilot stage. The completion of assessment and a thorough
analysis of the data, which allows for analyses of reliability and validity of the testing instrument, are still
pending. When the data is available, a comparison between Bachelor and Master’s students will be conducted in
order to investigate whether Bachelor students have less developed competences than Master students. Should
this be the case it will be considered indicative of acquirable cognitive competences having been measured
rather than intelligence. The preliminary results of the study with thinking aloud indicate that the competences
increase over the courses of university education and that students acquiring a teaching degree for academic
high school perform better than students acquiring a teaching degree for any other school type. These findings
are descriptive and explorative and they were not statistically tested.

Conclusion

Requirements for the development of paper-and-pencil tasks were described with respect to the assessment of
teaching competences (analysis and planning of lessons). Specifically, lessons from item development showed
that it is necessary to restrict the openness of the planning situation to a degree where it is possible to code
whether the planning decision was made on the basis of subject-matter specific knowledge. Furthermore, it is
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necessary to specify the learning objectives when assessing analyzing competence so far to allow judgment on
whether or not the given classroom scenarios were appropriately analyzed.

The approach seems promising despite it being impossible to report on inter-rater agreement, reliability and
validity at this point. It is presumably possible to transfer the principles of item development to other subject-
educational contexts, e.g. the planning and analysis of non-experimental biology lessons. Science educators,
who are interested in the measuring of competences, are encouraged to test this approach and apply it to other
areas.
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Task 1: Item to assess the competence Analyzing experimental lessons related to the teaching objective
planning experiments (current version)

Analysing experimental lessons Planning experiments

Mr. Hahn teaches biology in a sixth grade. He started working on seed germination and
would like his students to experiment actively in class. Mr. Hahn wants to focus on the
promotion of the competence to plan experiments.

As the learning group does not have many experiences in experimenting independantly,
he compares three different possible approaches to teach students how to plan
experiments (see A-C).

He considers what the students are required to do in each of the three options. He would
like to rank them from the easiest to the hardest concerning the difficulty of planning
experiments.

Three approaches to initiate the planning of experiments

A) The teacher hands out bean seeds to the students. The learners are instructed to find out by
which factors the seed germination is affected.

B) The teacher shows the students a flower pot with soil containing beans that has germinated and
describes the precise conditions of the germination. He hands out bean seeds to the students. The
students are instructed o find out whether or not the soil is required for seed germination.

C) The teacher hands out bean seeds to the students. The students are instructed to find out
whether or not seeds require light and warmth for germination. In addition the students are
instructed how to handle with factors other than light and warmth.

Task:

Rank the three options from the easiest to the hardest concerning the difficulty of
planning experiments.

Analyze which aspects determine the level of difficulty of the three approaches to
teaching students how to plan experiments!
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Task 2: Multiple choice — Item to assess the competence analyzing experimental lessons

A teacher wants to improve the students” competencies of carrying out biological experiments

by using the worksheet depicted below.

Essential factors for the germination of bean seeds:

1. Put 10 bean seeds into each petri dish and keep it under the stated conditions

2. Make observations every second day about the germination (“+” for each germinated seed “—“for each not germinated seed)
3. Write down the conclusions of your experiment and complete the answer sentences
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For the germination of bean seeds

These factors are essential:

These factors are NOT essential:

Task:

Which of the following competencies will be fostered by answering the three tasks on the

worksheet?
Check the correct answers

Asking scientific questions ()
Forming hypotheses ()
Planning experiments ()
Keeping precise records ()
Analyzing data ()
Analyzing experiments critically ()

Relating results to new questions ()
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Task 3: Open format item to assess the competence analyzing experimental lessons

A teacher wants to improve the students” competencies of carrying out biological experiments

by using the worksheet depicted below.

1oy siY @

Essential factors for the germination of bean seeds:
1. Put 10 bean seeds into each petri dish and keep it under the stated conditions
2. Make observations every second day about the germination (“+” for each germinated seed “—"for each not germinated seed)

3. Write down the conclusions of your experiment and complete the answer sentences
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For the germination of bean seeds

These factors are essential:

These factors are NOT essential:

Task:
Are the three tasks on the worksheet suitable to improve the pupil’s competencies of

conducting experiments? Give reasons for your assertions!




