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1 Introduction 

 

“Gemessen an der Situation in anderen Ländern weisen die 
empirische Bildungsforschung und die Bildungsökonomie 

in Deutschland einen hohen Entwicklungsbedarf auf.” 

Döbrich, Klemm, Knauss, & Lange, 2003a, p. 3 

 

 

Within the field of science teaching, the constructivist paradigm has proven to 

be a fruitful basis for designing learning environments. Despite the ongoing 

debate about the term of constructivism itself and its implications for teach-

ing, a moderate constructivist view on science learning and teaching seems 

consensual throughout the world (Duit, 1996; Dunkhase, Hand, Shymansky, 

& Yore, 1997; Fisher & Kim, 1999; Jegede & Taylor, 1995; Labudde, 2000; 

Staver, 1998; Taylor, Fraser, & Fisher, 1997; Yore, 2001). This theory of 

learning has undoubtedly been informed by but must not be confused with 

the epistemological position, labelled radical constructivism (e.g. von Gla-

sersfeld, 1995; Foerster, 1995). Where the author speaks of constructivist 

teaching, she refers to the position of a moderate constructivist theory of 

learning that admits the necessity of structural support and elements of direct 

instruction to sequence and reduce complexity. A detailed explanation of this 

notion follows in chapter 2.2. 

In contrast, recent studies have shown considerable discrepancies between 

what research results tell us and their application in everyday teaching prac-

tice (Prenzel, 2001; Widodo, 2004). 

It would be naive to assume that innovation in teaching just ‘happens’ 

through teachers’ efforts without any external support. The issue soon arises 

through which institutions and in which way this external support for imple-

mentation can happen. As one measure among others, pre-service teacher 

education must play a prominent role in this enterprise. However, how ex-

actly can pre-service teacher education achieve this goal of preparing pro-

spective teachers for teaching in a constructivist fashion? 
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Very clearly the field of study – relationships between teacher preparation 

and the way teachers act in their classrooms – is yet at issue. There is a 

large body of international – mainly US-American – research on the impact of 

various pre-service teacher preparation programs in terms of effects on dif-

ferent aspects. There are studies about the impact on teachers’ beliefs and 

attitudes (Jane, Martin, & Tytler, 1991; Skamp, 1989; Boone & Gabel, 1998; 

Hubbard & Abell, 2005), on teachers’ conceptions about science or teaching 

science (Tobin, 1993; Fischler, 2000; Stofflett & Stoddart, 1994), and on 

teaching practice (Salish Research Consortium, 1997; Judson & Sawada, 

2002; National Center for Research on Teacher Education, 1991). Those 

studies concern both elementary and secondary science education. Some 

studies deal with combinations of these aspects and linkages between them. 

Due to the wide range of aspects considered, units evaluated, and instru-

ments used, the research results defy the formulation of a general main-

stream trend, although a tendency towards positive effects of reflective, in-

quiry-oriented approaches based on a moderate constructivist view of learn-

ing and that are situated in specific contexts seems indicated (Appleton, 

2003; Judson & Sawada, 2002). Yet obviously Merkens’ (2003) statement, 

that in Germany the empirical database for the evaluation of teacher educa-

tion is at the moment still unsatisfying, is especially true for the field of Ger-

man primary science teacher education. 

Current recommendations for the design of pre-service science teacher edu-

cation programs – whether they stem from empirical studies like the afore-

mentioned or from psychological or educational considerations – emphasize 

the necessity of preparing teachers for a constructivist-oriented (often also 

labelled as inquiry1) way of teaching (e.g. Baird & Northfield, 1992; National 

Committee on Science Education Standards and Assessment, 1996; Gais & 

Möller 2006). To achieve this, researchers call for an internally consistent 

rationale for on-campus science teacher education (Yore, 2001), meaning 

                                            
1 Inquiry teaching is an anglo-american approach to science teaching which was basically 
influenced by Jerome Bruner’s “The process of education” (Bruner, 1960), and was devel-
oped as a reaction to studies which criticised the lack of common theory in science teacher 
education (Duit & Treagust, 1998; Anderson & Mitchener, 1994). It is closey related to con-
structivist approaches to science teaching (So, 2002). 
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that learning about constructivist-oriented teaching of science should happen 

in a constructivist-oriented learning environment (Henriques, 1997). 

Teaching for conceptual growth demands a great deal of teachers in terms of 

science content knowledge, pedagogical content knowledge2, issues of the 

nature, history and philosophy of science, and the learners’ conceptional 

ecology and functions. Therefore, not mere teacher training but teacher edu-

cation is needed. We find that we can not simply assume – as was done in 

several studies during the 1970s – “that any professional teacher ‘worth his 

salt’ could read a document describing the innovation and then, on his own, 

radically change his behaviour in ways that are congruent with the new role 

model” (Gross, Giacquinta, & Bernstein, 1997, p. 211). Not only the me-

chanical application of ‘units that work’ or practical aspects of classroom 

management are relevant, but rather a broad, deep and sustaining change of 

conceptions about learning and teaching in the teachers themselves is 

needed (Duit, 1995; Gräsel & Parchmann, 2004). 

Such a change of prospective primary science teachers’ views does not 

seem likely under the conditions of ‘cold’ conceptual change approaches, as 

issues of deeply rooted (lack of) interest, attitudes, beliefs and experiences 

are concerned. ‘Hot’ conceptual change models seem more appropriate, as 

they consider social and emotional aspects of the learning process. Students 

need to be given the opportunity to learn in a way that is similar to the way in 

which they are expected to teach afterwards (pedagogical double-decker, 

Wahl, 2002), experiencing the feasibility of this approach by planning learn-

ing environments, implementing them in primary classrooms, and reflecting 

upon their teaching experiences together (the sandwich-principle). In this 

vein, the prospective teachers act as researchers, investigating their own and 

an expert’s instructional practice, respectively (Altrichter & Feindt, 2004). 

 

The present investigation takes place in the field of primary science teaching 

and university based pre-service primary science teacher preparation in Ger-

                                            
2 This distinction is based on the categirization of teachers’ professional knowledge by Shul-
man (1987) – further developed by Bromme (1997) into content knowledge, curricular 
knowledge, the philosophy of a school subject, pedagogical knowledge and pedagogical 
content knowledge. 
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Germany. It shall contribute to clarifying the complex relationship between 

pre-service teacher preparation and teachers’ instructional practice. It shall 

do so by evaluating a specific teacher education program in terms of its ef-

fects on teachers’ actions (taking into account the role of teachers’ concep-

tions of learning and teaching), focusing on the teaching moves they employ 

during topic-related instructional talks in whole group settings. 

The investigation looks at teachers’ instructional practice from an angle that 

is built on the body of research on teaching-learning processes in science 

and their respective theory bases, above all those of educational psychology 

and the theory of learning and teaching science. This research has resulted – 

among other things – in informed assumptions about the character of science 

learning processes and recommendations for the creation of learning envi-

ronments that enable learners to construct new knowledge and to learn by 

understanding. This study takes those demands on science teaching as the 

starting point to derive corresponding demands on science teacher educa-

tion. A specific science teacher education program which was designed to 

meet those requirements (Kleickmann, Gais, & Möller, 2005; Gais & Möller, 

2007) is evaluated in terms of whether its graduates show to a greater extent 

such actions that meet the stated demands on science teaching than teach-

ers who enrolled in the regular curriculum. The study was conducted in the 

country of North Rhine-Westphalia, investigating groups of teachers who had 

studied at universities in this country and at that time taught science in 

grades 3 and 4 (age 9 to 10). Participants of one group had enrolled in the 

specific teacher education program at the University of Münster, while the 

participants of the other group had not enrolled in this specific program but in 

the regular university curriculum. The teachers’ classroom actions were 

documented audio-visually and assessed by coding the videos. 

The study belongs in the context of recent video studies on actual classroom 

practice, which strive for analysing real life teaching situations from an exter-

nal observer’s perspective (beta press). Examples are the TIMS Video Stud-

ies 1995 and 1999 (e.g. Stigler & Fernandez, 1995; Stigler, Gallimore, & Hie-

bert, 2000; Reusser, Pauli, & Zollinger, 1998), the work of the IPN in Kiel 

(e.g. Prenzel, Duit, Euler, & Lehrke, 2002; Seidel, 2003; Seidel, Prenzel, Duit, 

& Lehrke, 2003; Widodo, 2004; Müller, 2004), of Labudde (2000; 2002), or 
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the research group of Fischer (e.g. Fischer, Reyer, Wirz, Bos, & Höllrich, 

2002; Reyer, 2004). While these studies are concerned with secondary 

school mathematics and physics teaching, studies on primary science teach-

ing are almost non-existent (Blömeke, 2005). Moreover, some of the afore-

mentioned studies are mainly descriptive in nature, as far as the analysis of 

teaching practice is concerned. This present study also adds the statistical 

comparison of groups of teachers to its descriptive function. 

 

Chapter 2 of this work describes current goals of primary science education 

and demands on its design to enable pupils to learn by understanding. The 

theoretical bases of both the psychology of learning and the theory of learn-

ing and teaching natural sciences (Fachdidaktik) are used as terms of refer-

ence. This chapter will show that a constructivist approach to learning and 

teaching science in the above described sense largely meets the demands 

that result from these perspectives. As the constructivist debate is diverse 

insofar as the meaning of the term itself varies across authors and studies, a 

detailed definition of the constructivist view held in this present work will be 

given. It will explain both the facet of how learning processes are considered 

to occur and the facet of guidelines for teaching for conceptual growth, which 

can be derived from the theory. 

Chapter 3 subsequently describes the current situation of primary science 

teaching, inferring conclusions about the status quo of actual German pri-

mary science teaching, which is currently almost entirely unexplored. Does 

the reality of everyday teaching in German primary science classes mirror 

what research tells us about how to design instruction? As the answer to this 

question is rather negative, the question arises if and how pre-service pri-

mary science teacher education can contribute to the implementation of the 

aforementioned constructivist approaches into everyday teaching reality. 

Stemming from the evaluative question what makes a certain teacher educa-

tion program suitable for achieving such an influence on teachers’ classroom 

teaching, chapter 4 summarizes the respective body of research on effects of 

pre-service science teacher education, taking into account effects on teach-

ers’ knowledge and beliefs as well as effects on their instructional practice. 
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The chapter also outlines core issues and demands on primary science 

teacher education, contextualizing them with the demands on primary sci-

ence teaching stated before in chapter 2, and following recommendations to 

apply the same measures that we expect teachers to implement to their own 

teacher education programs. 

Chapter 5 presents the characteristics of a specific primary teacher education 

program for learning and teaching science, developed at the Institute for Pri-

mary Science Learning and Teaching at the University of Münster and which 

was evaluated in this study. Following chapter 6, which gives the general re-

search questions and hypotheses that lead the investigation, chapter 7 de-

scribes the methodological approach. 

Chapter 8 presents the research instrument that was developed for this in-

vestigation, giving the theoretical points of reference from which the codes 

were developed, guidelines that were followed during the code development 

process, short descriptions of the codes, examples, technical code character-

istics, and coding procedures. It is also concerned with issues of coder train-

ing and quality criteria of the instrument and the produced data. Chapter 9 

and 10 present and subsequently discuss statistical analyses. Those analy-

ses include the comparison of groups of teachers who enrolled in the afore-

mentioned teacher education program or did not enrol in this program, re-

spectively. The chapter delivers a description of the orchestration of instruc-

tion during the lessons; in addition results on group differences concerning 

facets of teachers’ and pupils’ actions during topic-related whole group talks 

are reported. The discussion in chapter 10 goes back to the hypotheses to 

answer the leading research questions. After presenting methodological limi-

tations of the present investigation that need to be considered while interpret-

ing the results, chapter 10 then summarizes central findings of the study, in-

ferring recommendations for primary science teacher education, and linking 

those results to recent research results. The chapter concludes with desider-

ata for further research. 
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Chapter 11 serves as a short summary of the complete thesis. The refer-

ences, a glossary of specific terms3 used in this thesis, and an appendix con-

taining the complete coder manual and the manual for recording the videos 

(both German originals) follow. 

                                            
3 As the author is aware that writing a German thesis in English language is liable to lead to 
misunderstandings, the glossary is an attempt to not only translate specific terms used in this 
thesis but to delineate their contexts, connotations, parallels, and inequalities. 
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2 Current demands on primary science education: per spec-

tives of educational psychology and the theory of l earning 

and teaching science 

 

“Theoretical pluralism is essential for a complex,  
applied discipline such as education.” 

Hogan, Nastasi, & Pressley, 2000, p. 381 

 

 

This present chapter will outline current demands on and goals of primary 

science education4. The perspectives of various disciplines contribute to the 

formulation of the goals of science education, such as the psychology of 

learning, the tradition of the German theory of learning and teaching science, 

and political and pedagogical considerations. 

This chapter will show that the demands on how science education should be 

outlined to meet the stated goals are met largely by a moderate constructivist 

approach to learning and teaching science. As the constructivist debate is 

diverse insofar as the meaning of the term itself varies across authors and 

studies, a detailed definition of the constructivist view held in this present 

work will be given.  

This definition consists of three steps: First, a short outline is given on the 

development of the constructivist view of science learning and teaching over 

time, showing which theoretical positions were drawn upon in the process. 

Second, a more detailed summary is presented of the notion of how and in 

which circumstances learning occurs. Third and last, this internal facet of the 

learning process is used to derive guidelines for teaching for conceptual 

growth, which will be displayed in greater detail as they served as the basis 

for the code-development. 

 

                                            
4 Primary level/ primary school: grades 1-4, ages 6/7-10/11  



  15 

2.1 Aims of science instruction at the primary leve l 

 

„Science is hard fun.” 

Worth, 2004, p. 16 

 

Two dimensions of goals 

As the terms ‘multiple goals’ (‘multikriteriale Zielerreichung’, Einsiedler, 

1997), ‘compatibility of goals’ (‘Kompatibilität von Zielkriterien’, Helmke & 

Schrader, 1990), or ‘reconcilability of cognitive and non-cognitive learning 

targets’ (‘Vereinbarkeit kognitiver und nichtkognitiver Lernziele’, Gruehn, 

1995) show, early instruction in the natural sciences aims at more than the 

one goal of knowledge acquisition: Both a cognitive and an affective dimen-

sion determine the curriculum. 

In the cognitive dimension it is a declared goal to enable children to under-

stand the world they live in (Kahlert, 2004), to acquire applicable, non-inert 

knowledge about their world, which puts them in the position to actively take 

part in responsibly shaping their everyday world. 

This includes the development of a scientific mindset, attitudes, and reason-

ing powers, especially methods of thinking and making sense. As far as 

knowledge acquisition is concerned, it is regarded as working out and under-

standing specific problems or tasks rather than the transmission and collec-

tion of a broad variety of information.  

In the affective dimension, early science instruction aims at creating opportu-

nities for positive learning experiences to foster an attitude of interest towards 

science and science learning, to encourage further exploration of the field of 

science, and thus to prevent the development of learning barriers. 

The multiple aims of such an elementary education can be summarized as 

fostering conceptual and procedural understanding, creating meaningfulness 

for the learner, arousing and sustaining motivation and interest, and building 

a positive self-concept and pleasure in learning. Or, as Worth (2004) puts it, 

“we need to maintain children’s enthusiasm, curiosity, and eagerness to learn 

while we deepen their understanding and skills.” (p. 12) 
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It has to be mentioned that those dimensions overlap in conditional terms: 

Affective factors like interest and emotional involvement are not only goals of 

instruction in themselves but also serve to foster development in the cogni-

tive domain. Seen from the opposite angle, the self-perception of a learner as 

one who has knowledge about certain objectives may well serve to boost 

interest, motivation, and his or her readiness to get more deeply involved in a 

subject. 

 

Learning as understanding the world 

The meaning of learning in the natural science is closely related with under-

standing: Learning means understanding the phenomena of the world of ex-

perience (Spreckelsen, 1992; Klafki, 1992; Köhnlein, 1992). Understanding 

now means explaining something unknown with something known, to relate 

new information back to previous knowledge (Spreckelsen, 1992; 

Soostmeyer, 1998). 

During a cumulative process of construction, new information is integrated 

into existing cognitive structures. Cumulative construction means more than 

the mere addition of new information, but rather a structural grasp of interre-

lations and context, in other words a notional re-construction of facts by 

means of internal images and representations (Soostmeyer, 1998; Köhnlein, 

1998). Understanding as the result of a learning process is therefore different 

from knowing – although it has to be said that without knowing there can be 

no understanding. Understanding can be seen as the dimension which gives 

order and structure to one’s knowledge (Köhnlein, 1998). It is this dimension 

which helps avoiding so called inert knowledge (Bereiter, 1984; Bransford, 

Franks, Vye, & Sherwood, 1989), that is non-applicable knowledge. 

Understanding as a process can be described as cognitive modelling, guided 

by the interplay of experience, imagination, realization and meta-cognition 

(Fauser, 2004). Such processes of modelling or construction manifest them-

selves in different kinds of activities. Examples are developing hypotheses, 

planning and conducting experiments, giving explanations, making connec-

tions, searching for prerequisites and reasons, finding applications, creating 

models and structures, developing a line of argument, finding analogies, em-
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bracing new perspectives and points of view, presenting one’s own view to 

others, or giving an account of others’ views. 

We agree with Weinert, (1998) when he states that „etwas verstehen [...] 

heißt, neue Informationen in ein bereits vorhandenes, sinnvoll nutzbares 

Wissenssystem einzugliedern. Voraussetzung dafür sind eine gute individuel-

le Wissensbasis und ein auf verstehendes Lernen gerichteter Unterricht.“ (p. 

23). The goal of instruction in primary science should be enabling the learn-

ers to build bridges between their everyday life knowledge and the culturally 

shared knowledge about the world. However, it is not only the product of the 

learning process that should be valued, but also the components and skills 

needed for and developed during this process itself: 

In other words, by the end of the primary years, children can 
and should know and understand some science content. But 
equally important, they should know and be able to use the 
skills of science inquiry; they should have developed a set of 
attitudes and beliefs about science and how it relates to the 
world they live in; and they must have acquired confidence in 
themselves as learners of science. (Worth, 2004) 

 

Learning as becoming scientifically literate 

While in the German tradition, the concept Bildung takes continuing influence 

on issues of educational goals, in the international domain it has for several 

years now been the concept of scientific literacy that determines considera-

tions of the goals of science instruction. We find that, also, scientific literacy 

does not only refer to knowledge, but also to the structure of this knowledge, 

methods of producing knowledge and the interrelations between discovery 

and application, therefore to the science itself, its methods and its critical re-

flection (Oelkers, 1997). Becoming a scientifically literate person means be-

coming able to  

use scientific information to make choices that arise 
every day. Everyone needs to be able to engage intelli-
gently in public discourse and debate about important 
issues that involve science and technology. And every-
one deserves to share in the excitement and personal 
fulfilment that can come from understanding and learn-
ing about the natural world. (National Committee on 
Science Education Standards and Assessment, 1996, 
p. 1) 
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It is a utilitarian concept of the goals of science education insofar as it fo-

cuses strongly on the necessity to create a scientifically and technically liter-

ate, capable and productive work force, because in order to “keep pace in 

global markets, the United States needs to have an equally capable citi-

zenry.” (National Committee on Science Education Standards and Assess-

ment, 1996, p. 1). 

In the context of the PISA-study, scientific literacy was described as the ac-

quisition of (cultural) skills in the realm of conceptual and procedural knowl-

edge. Such skills are the identification of scientific issues, understanding 

elementary scientific concepts (e.g. evolution, force), familiarity with scientific 

ways of thinking and working (e.g. logic reasoning and argumentation), and 

the critical reflection of possibilities and imitations of scientific knowledge 

(Deutsches PISA-Konsortium, 2000; Gräber & Nentwig, 2002) The ability to 

sensibly apply these skills in everyday life is immanent. 

In the constructivist view of learning, we find a perspective that meets the 

above-mentioned intentions and goals. It is concerned with integrating the 

learners existing conceptions and restructuring them towards more scientifi-

cally appropriate concepts, while making the learner and active and integral 

part of driving the learning process: 

It appears that constructivist approaches are better 
suited than “traditionally” oriented approaches to ad-
dress key issues of recent conceptions of scientific liter-
acy. There is also evidence that they allow more effi-
cient teaching and learning processes. (Widodo & Duit, 
2004, p. 233) 

 

There is an international consensus about the value of the constructivist view 

for the achievement of deep conceptual understanding, for the development 

of process skills and an appropriate image of the nature of science. It is also 

of value for sustaining interest in science and a positive self-image as a ca-

pable learner (Guzetti, Snyder, Glass, & Gamas, 1993; Wandersee, Mintzes, 

& Novak, 1994; Staub & Stern, 2002; Widodo & Duit, 2004; Duit & Treagust, 

2003). The following chapters give a detailed description of this approach to 

learning and teaching. 
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2.2 Learning science from a constructivist point of  view 

 

“Inzwischen ist allgemein akzeptiert, 
dass konstruktive mentale Aktivität des Lernenden 

eine notwendige Voraussetzung jeden Wissenserwerbs darstellt.“ 

Reinmann-Rothmeier & Mandl, 1998, p. 480 

 

 

As Gil-Pérez et al. (2002) put it, there is no need to avoid the term construc-

tivist view of learning and teaching, “if a clear line of demarcation is estab-

lished with other meanings of ‘constructivism’” (p. 567). This chapter may 

therefore serve to delineate the notion of the constructivist view that lies at 

the root of this study. This thesis promotes a moderate constructivist ap-

proach to learning and teaching that also includes elements of direct instruc-

tion. This notion is described in quite some detail, which seems necessary 

because herein lies the basis for the code development, a central aspect of 

this thesis. 

 

2.2.1 A ‘new’ theory of learning 

A large body of research about learners’ conceptions (Pfundt & Duit, 1994) 

has proven that pupils already possess deeply rooted concepts of natural 

phenomena and scientific ideas even before they begin formal learning in the 

sciences. Those preconceptions have often proven to be in (varying degrees 

of) disagreement with the accepted scientific view, and in addition they have 

been found to be very resistant to change (e.g. Wandersee et al., 1994; 

Vosniadou, 1994). Consequently, new approaches to teaching science have 

been developed which aim at changing the learners’ preconceptions, and 

which can be summarized with the term conceptual change approaches. 

Their common factor is that they regard learning as an active process of 

changing, extending and reorganizing the existing cognitive structure of the 

learners’ conceptions (Duit, 1995, 1996; Duit & Treagust, 1998; Hewson, 

Beeth, & Thorley, 1998; Tytler, 2002). 
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A paradigm for the so called classical conceptual change approaches was 

set by Posner, Strike, Hewson and Gerzog (1982) when they stated the four 

necessary prerequisites for conceptual change processes. Learners have to 

feel dissatisfaction with their current conception, the new conception has to 

be intelligible for the learner, and it has to appear both plausible and fruitful, 

which means that the new conception has to prove useful when it is applied 

to other phenomena. 

Those classical approaches were object to criticism and enhancement. The 

aforementioned – mainly intellectual or cognitive – prerequisites were sup-

plemented by contextual factors of the teaching situation and motivational 

aspects which influence the occurrence of conceptual changes (‘hot’ concep-

tual change, see Pintrich, Marx, & Boyle, 1993). 

Contemporary conceptual change approaches have been further developed 

in this vein, giving more attention to the impact of the social setting in which 

science learning occurs (Duschl & Hamilton, 1998). Vygotsky’s (1978) notion 

of internalization has given valuable insights into the process through which 

ideas that the learner encounters on the intermental plane become part of his 

knowledge on the intra-mental plane through social negotiation. Also, science 

learning is now perceived as a process of enculturation into the community of 

scientists – models of cognitive apprenticeship present a view of how this 

enculturation can be supported (Collins, Brown, & Newman, 1989). 

Another approach to science learning and teaching which is known as situ-

ated cognition (e.g. J. S. Brown, Collins, & Duguid, 1989; W.-M. Roth, 1996) 

was drawn on to clarify the interaction between context and conceptual 

change. It points out that learners’ conceptions are context dependent. This 

means that in everyday life an old concept may be fruitfully applied while in 

certain scientific contexts the new concept can be used. Old conceptions are 

not erased but stay alive, organized in layers, gaining and losing status de-

pending on the context they are used in (Hewson & Hewson, 1992; 

Niedderer, 1996; Driver, Asoko, Leach , Mortimer, & Scott, 1994; Duit & 

Treagust, 1998). 

The notion of what conceptual change means or how it occurs on the intra-

mental plane has also been further refined. Carey (1985) introduced the dis-
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tinction between soft and radical reorganizations. The former occur when an 

existing concept proves partly valid but not entirely adequate and is further 

refined or differentiated. The latter occur when an existing concept is dis-

missed entirely in favour of a newly constructed, more adequate concept. 

Also, besides such processes of revision there also occurs enrichment of 

existing concepts when new information can simply be added to an existing 

cognitive structure (Carey, 1991; Vosniadou, 1994). 

 

Those conceptual change approaches have found support in internationally 

established theories of learning, the so called moderate constructivist ap-

proaches (Driver, 1989, Dubs, 1995), also labelled pragmatic (Duit, 1995), 

adaptive (Reinmann-Rothmeier & Mandl, 1998), problem-oriented 

(Reinmann-Rothmeier & Mandl, 1999), or dialectal (Dubs, 1997) constructiv-

ism. Those regard learning as a process of constructing new knowledge, a 

process that is active, cooperative, situated and parts self-directed. Knowl-

edge is constructed by learners as a result of their interaction with the natural 

world in a socio-cultural context and mediated by their prior knowledge; both 

conceptual growth and conceptual change occur (Henriques, 1997). This 

theory of learning has undoubtedly been informed by but must not be con-

fused with the epistemological position, labelled radical constructivism (e.g. 

von Glasersfeld, 1995; Foerster, 1995). This philosophy denies the existence 

of an independent, objective reality and puts the individual construction of the 

subject in its stead. Without observer, there is no reality. The observer cre-

ates reality, depending on his or her disposition. It is per se impossible to af-

fect this process of construction from the outside. Translating this epistemol-

ogy unaltered into a basis for teaching would have to result in the denial of 

teaching itself. 

Obviously, a theory of learning cannot agree with this radical stance, but has 

to assume both the existence of an independent reality and the possibility to 

inspire, monitor, and support learning processes via external stimuli – in 

short: by teaching. Yet the constructivist-oriented view of learning and teach-

ing agrees with the belief that the individual subject constructs its own repre-

sentation of this reality, and that no two representations are the same. Of the 
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(philosophical) radical stance merely remains the moderated view that 

knowledge cannot be transmitted but has to be individually constructed, or-

ganized and enriched: 

Ein pragmatischer, moderater Konstruktivismus bietet Grund-
lagen für die Erforschung des Wissenserwerbs und für die 
Entwicklung neuen Unterrichts und neuer Modelle der Leh-
rerbildung, und ist als Grundlage für wissenschaftstheoreti-
sche Aspekte, die im Unterricht vermittelt werden sollen, ge-
eignet. Er negiert nicht die Existenz einer Realität außerhalb 
des Individuums (also kein Solipsismus), sondern er be-
schreibt ein Wechselspiel zwischen gewissen Strukturen der 
Realität und menschlichen Konstruktionen. (Duit, 1995, S. 
919) 

 

This constructivist view of learning and teaching science, which researchers 

speak for a (e.g. Duit, 1995, 1996, 1997, 2000; Möller, 1996, 1997, 1999, 

2000, 2001), is used as the basis for this thesis. This approach combines 

moderate constructivist models of learning with the above described concep-

tual change theories, with a social-constructivist position in the sense of Vy-

gotsky (1978) and with theories of situated cognition. In addition we distance 

ourselves ideologically from other authors who overemphasize the aspect of 

selfdirected construction of knowledge while neglecting the necessity of cer-

tain interventions in the learning process. In contrast, with Möller (2001; 

Möller, Jonen, Hardy, & Stern, 2002) and Mayer (2004) we also include ele-

ments of direct instruction as necessary to reduce complexity and give the 

learner structural aids. 

The following two subchapters shall now give a more detailed presentation of 

how – from this constructivist perspective – learning occurs and how this the-

ory of learning is put to use for designing learning environments and instruc-

tion in science teaching. Wherever the term constructivism is used in this 

thesis, it refers to the above-described position. 

 

2.2.2 Characteristics of the learning process 

At the centre of the theory lies the premise that learning is an individual con-

struction process in which new knowledge is checked against and connected 

with prior knowledge. Meaningful learning – which means learning by under-
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standing – can only occur when learners are able to relate new information to 

what they already know (Reinmann-Rothmeier & Mandl, 1998). Their existing 

knowledge serves as a filter or framework within which they interpret their 

new experiences: The conceptions already held by each individual guide un-

derstanding (Duit & Treagust, 1998; So, 2002).  

This explains why knowledge cannot be directly transmitted from one person 

to another. Knowledge does not stem immediately from objective external 

sources but is generated by the individual learner (Gerstenmeier & Mandl, 

1995). In a sense, knowledge is not an object that may be transported unal-

tered from one person to another, but it is rather the individual learner’s own 

construct. Depending on his or her prior knowledge, mental structures and 

beliefs, the learner assesses and processes any new information and thus 

generates new knowledge (Gerstenmeier & Mandl, 1995; Reinmann-

Rothmeier & Mandl, 1998; Tenenbaum, Naidu, Jegede, & Austin, 2001). The 

learner’s prior knowledge can serve both as a catalyst and as a hindrance for 

the learning process: If the new information and the learner’s prior knowledge 

differ fundamentally it may become very difficult to change the existing con-

ceptions to accommodate the new experiences (Reinmann-Rothmeier & 

Mandl, 1998; Vosniadou, 1994).  

This process of construction, which is triggered through adaptation of and to 

the experiential world (Tenenbaum et al., 2001) may take different forms. It is 

assumed that knowledge is a cognitive representation of the world one per-

ceives and experiences via the senses, and that it consists of concepts which 

are arranged within a larger theoretical structure, made up by a framework 

theory (deeply entrenched beliefs about the physical world) and specific theo-

ries (see Vosniadou, 1994). A simple form of conceptual change is enrich-

ment: an addition of new information to an existing concept that in its present 

form explains the new information. In the Pigetian tradition, such change (or 

growth) is termed assimilation (see Oerter & Montada, 1998). Another form of 

change involves the revision of the existing theories in the light of new ex-

periences (comparable to accommodation in the sense of Piaget) and has 

been observed to be much harder to achieve. 
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But learning does not only occur when new conceptions are created, but in-

cludes also the process of interlinking, rearranging or exchanging concepts 

within the cognitive framework, applying them to different contexts, and rais-

ing or lowering their status in different situations (Hewson et al., 1998). The 

application of a concept to different situations is of special importance be-

cause knowledge acquisition is a situated or contextualized process: Knowl-

edge is closely bound to the context in which it has been acquired 

(Tenenbaum et al., 2001). As Driver et al. (1994) put it, the goal of learning is 

not merely to abandon misconceptions but rather to become able to develop 

a conceptual profile – a whole set of concepts in a certain domain which are 

to be applied usefully in differing circumstances – and learn to differentiate in 

which context to use which concept.  

Three demands can be made on the context in which learning shall occur: It 

needs to be rich, authentic and perceived as relevant by the learner. As men-

tioned before, learning depends on whether the learner can relate new infor-

mation to experience and prior knowledge. A rich and above all authentic 

learning environment offers the learner enough stimuli and relating aspects 

(Wolff, 1997). 

The aspect of perceived relevance of the learning experience leads to yet 

another intermediating factor in the learning process: interest and motivation. 

Knowledge acquisition is an active process, driven also by affective variables 

like the learner’s interest in the matter, his motivation to learn in a certain 

domain (Tenenbaum et al., 2001; Gerstenmeier & Mandl, 1995). The learner 

needs to be interested in the matter, so he will want to invest the necessary 

cognitive resources and will be ‘courageous’ enough to give up old concepts 

(Duit & Treagust, 1998). A feeling of self-determination and the experience of 

oneself as competent can be of a high positive influence on the learning 

process (Reinmann-Rothmeier & Mandl, 1998).  

Learning is not only an individual process, but it is also a social process. If we 

assume that knowledge is the product of subjective construction processes 

and therefore differs from one learner to another, even if they are learning in 

the same context (Wolff, 1997, S. 107), there remains the question of how a 

shared knowledge base among the individual learners can be established. 
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The social component of the learning process is twofold (Reinmann-

Rothmeier & Mandl, 1998): On the micro-level it means the negotiation of 

meaning and cooperation among learners (Gerstenmeier & Mandl, 1995; 

Wolff, 1997). This is an important social epistemological process: Individual 

idiosyncratic meanings are socially negotiated and common meaning is col-

laboratively constructed (Tenenbaum et al., 2001). This is where sociocul-

tural views of learning come into focus and meet with individual views of 

learning. The interface between both is created by the process of internalisa-

tion as Vygotsky (1978) describes it: a process through which objects, ideas, 

or tools which are present on the intermental plane (e.g. in dialogue or dis-

cussion) become part of the learner’s knowledge and ability on the intra-

mental plane. 

Central to this view is the continuity between language and 
thought. It is not the case that language offers some ‘neutral’ 
means for communicating personally and internally gener-
ated thoughts; language provides the very tools through 
which those thoughts are first rehearsed on the intermental 
plane and then processed and used on the intra-mental 
plane. (Leach & Scott, 2003, p. 99) 

 

This process “does not simply involve direct transfer of ‘ways of talking’ from 

the intermental to the personal plane. There must be a step of personal inter-

pretation, where the individual comes to a personal understanding of the 

ideas encountered on the social plane” (Leach & Scott, 2003, p. 101). Above 

all it is the fact that the intra-mental plane (the internal representation of the 

learner’s knowledge, experience, skills etc.) is not pre-existent but must be 

created by the learner himself that accords with the afore described cognitive 

constructivist notion of the learner as an active constructor of knowledge. In 

the sense of Vygotsky (1978), the learners needs to make sense of the talk 

that surrounds them, relating that talk to their existing ideas and ways of 

thinking. Learners must reorganise and reconstruct the talk and activities of 

the social plane and are therefore more than passive recipients of meanings 

(Leach & Scott, 2003).  

It is kept in mind that even the body of knowledge which shall be learned it-

self is a tentative construction that mirrors the consensus of the present 

community of researchers (Duit, 1995). Yet it has to emphasized that, even if 
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talk on the intermental plane is of premier importance in this view, “it is not 

the case that ‘anything goes’ in the generation of scientific knowledge, as this 

knowledge should, in principle, be consistent with empirical evidence about 

the material world” (Leach & Scott, 2003). 

On the macro-level, it means a socio-cultural influence on learning, namely 

an enculturation into the community of scientists. It is not enough to simply 

give learners access to more phenomena or experience – they also need to 

be introduced to the norms, tools, values, and procedures of a certain society 

(Driver et al., 1994). 

The intended products of science learning (i.e. science con-
cepts) are cultural. They cannot generally be perceived by 
individuals, they are validated through complex empirical and 
social processes, and they are used within scientific commu-
nities for particular purposes. As such, scientific knowledge 
can only be learned through some process of social trans-
mission. (Leach & Scott, 2003, p. 94) 

 

Another aspect of this constructivist view of learning is that of the learner’s 

self-determination and self-organization. Self-determination is in this case 

prerequisite, method, and goal of the learning process. Its degree varies de-

pending on the learner, who self-directedly surveys the learning process – its 

cognitive, emotional and motivational dimension (Reinmann-Rothmeier & 

Mandl, 1998; Wolff, 1997). 

Closely interwoven with this is the challenge to foster the learners’ meta-

cognitive abilities, e.g. through reflection of learning pathways and difficulties, 

techniques that helped achieve one’s goal, issues that need further work etc. 

(Gerstenmeier & Mandl, 1995; see also Pintrich, 2002). 

 



  27 

2.2.3 Instructional design and teaching practice 

 

“We have argued that the relationship between views of learning 
and pedagogy is problematic, and that no simple rules for pedagogical 

practice emerge from a constructivist view of learning. There are, however, 
important features of the mediation process that can be identified.”  

Driver et al., 1994, p. 11 

 

 

It is no simple, one-dimensional task to translate this constructivist view into 

rules for the design of learning environment and instructional practice. It is a 

theory of learning rather than an instructional approach, a philosophical ap-

proach to teaching rather than a given set of particular practices (Henriques, 

1997; Smerdon, Burkam, & Lee, 1999). “A learning model does not prescribe 

a unique set of teaching sequences and strategies”, but it is true that “learn-

ing models […] can provide a set of general guidelines that can be used in 

the design of different teaching approaches.” (Hewson et al., 1998, p. 199). It 

has to be kept in mind that this afore described theory of learning does not 

inevitably lead to specific algorithms for teaching, but it delivers general indi-

cations which draw attention to central aspects of teaching for the construc-

tion of knowledge (Gil-Pérez et al., 2002; Leach & Scott, 2003). In brief, as a 

teacher, “your epistemology determines your view of the learner, how you 

develop instruction, how you organise your classroom. It DOES NOT say 

how to go about these actions: it pre-determines them.” (Beeth, Hennessey, 

& Zietsman, 1996, p. 23) 

In this vein, teaching is not regarded as an arrangement of individual instruc-

tional strategies, but more as a situation in which such learning processes 

(as described by the constructivist view) need to be recognised and sup-

ported (So, 2002). It is not the implementation of specific components which 

matters but the underlying assumption about learning which guides the 

choice of methods, aims and media (Reinmann-Rothmeier & Mandl, 1998). 

The teacher has a broad repertoire of methods at his disposal and employs 

them depending on the situation (Labudde & Pfluger, 1999). This means 

more than a mere change of the teaching techniques: It also influences the 
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roles of learner and instructor, structures of authority and power, students’ 

interest, self-concepts and motivation, classroom climate, and also the view 

of what science actually is and what its goals are (Duit, 1995; Watt, 1996; 

Duit & Treagust, 1998). 

So which are the key elements that should be regarded if one wants to foster 

such conceptual learning? 

 

Determine and respect prior knowledge. 

One key element of teaching from a constructivist point of view is to pay at-

tention to the learners’ prior knowledge and existing conceptions of the 

physical world (Duit, 1995; Jegede & Taylor, 1995; Hewson et al., 1998). This 

prior knowledge includes not only conceptual knowledge, but also methodo-

logical knowledge, everyday language and terms, interests and attitudes 

(Labudde & Pfluger, 1999). The learners’ personal experiences should be 

sought and utilized, for example by encouraging the learners to express their 

ideas and conceptions (Tenenbaum et al., 2001). This ought to be done in a 

functional way as opposed to only formally (e.g. at the beginning: “got stu-

dents’ ideas? Check”) (Gil-Pérez et al., 2002). It becomes functional when 

further instruction and learning tasks clearly consider the articulated experi-

ences and conceptions, e.g. when learners are invited to invent concepts and 

form hypotheses (Gil-Pérez et al., 2002) or when different concepts which the 

learners have are compared, tested and discussed (Smerdon et al., 1999; 

Henriques, 1997; Duit, 1995). The acknowledgement of students’ ideas is 

also valuable for informing the selection of starting points for teaching and for 

finding appropriate bridging analogies (Scott, Asoko, & Driver, 1992). 

Students’ ideas should be an explicit part of the classroom discourse, and the 

students’ ideas should be considered in similar ways to the teacher’s ideas. 

The source of authority is in this situation an explicit standard (like appropri-

ateness, viability, evidence etc.) and not the teacher’s institutional authority 

(Hewson et al., 1998). 
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Enable active learning. 

The perceived personal relevance of the learning objective and learning 

situation is a crucial factor for successful learning (Taylor et al., 1997). Moti-

vation and interest are strong motors which drive learning and which mediate 

the process of conceptual change (Hewson et al., 1998). Therefore determin-

ing the learners’ prior knowledge and experience should be supplemented 

with finding out about the learners’ interests, needs, questions and concerns 

(Tenenbaum et al., 2001). A positive influence on motivation can be achieved 

if learning tasks fit the learners’ abilities and challenge them without overtax-

ing them. The learning environment and tasks should allow learners to ex-

perience autonomy and competence; they should inspire fantasy and curios-

ity. Such a learning environment should consider the students’ existing inter-

ests and wake new interests in the subject as well (Reinmann-Rothmeier & 

Mandl, 1998), thus calling for active participation of the students in the con-

struction of knowledge (Gil-Pérez et al., 2002). There should also be room for 

the negotiation of goals and teaching objectives (Tenenbaum et al., 2001). 

 

Foster individual construction processes 

As Vosniadou (1994) puts it, “it is important to teach science in ways that 

make children aware that their beliefs and presuppositions are not true facts 

but theoretical interpretations which are subject to falsification” (p. 67). In do-

ing so they can experience that different learners hold different points of view 

on one subject, and that different possible ‘truths’ are in competition 

(Reinmann-Rothmeier & Mandl, 1998). Vosniadou continues to give some 

suggestions how to achieve this: The learning environment must provide 

children with situations in which they can engage in the active doing of sci-

ence. If the learning environment provides the learners with open-ended 

problem solving situations that require observation and experimentation and 

the testing of hypotheses, students will be actively called upon to construct 

their own explanations. They are invited to elaborate possible strategies for 

solving problems, including, where appropriate, experimental designs to 

check hypotheses in the light of theory (Gil-Pérez et al., 2002; Smerdon et 

al., 1999). 
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Such experiments that the learners conduct, together with teacher experi-

ments, observations and so on, form the hands-on part of instruction. Al-

though they are undoubtedly a crucial part of the learning process, hands-on 

activities alone are not enough to trigger knowledge acquisition. It is the addi-

tional minds-on component (Jegede & Taylor, 1995) which is necessary for 

meaningful learning. Without it, pointless activitymania (a term coined by 

Moscovici & Nelson, 1998) may result. „Hands-on activities may support 

learning, but from the moderate constructivist point of view, mental activities 

are what matter” (Widodo, 2004, p. 29). A teacher who is aiming at inducing 

conceptual change must pay attention not only to hands-on activities but also 

to developing questions for the tasks as well as planning and interpretation 

on the pupils’ part (Driver, Newton, & Osborne, 2000). 

Vosniadou speaks for encouraging children to explain their own concepts to 

fellow learners, to defend them against criticism, and to compare them to the 

explanations of experts. In a learning situation where the students’ mental 

models and explanations are taken seriously, the students can experience 

the (possible lack of) viability of their concepts while they express their repre-

sentations of phenomena, manipulate them, test them, and even have the 

experience of revising them successfully (Vosniadou, 1994; see also 

Reinmann-Rothmeier & Mandl, 1998; Smerdon et al., 1999). Students are 

encouraged to weigh information from these tests with their previous experi-

ence or understanding of the topic and then construct a more viable under-

standing of the subject matter (Smerdon et al., 1999).  

Reflecting upon those processes of constructing, rearranging, justifying, test-

ing and so on is a necessary component of teaching as it aims at creating a 

meta-conceptual awareness (Reinmann-Rothmeier & Mandl, 1998). 

The role of the teacher in such learning environments is that of a coach and 

facilitator of learning who promotes more active involvement of students in 

their own learning (Smerdon et al., 1999). His role of a facilitator requires the 

teacher “to probe student understandings […], to be oriented to building on 

and modifying children’s ideas, and to be generally sensitive to and suppor-

tive of children’s ideas and reasoning processes” (Watt, 1996, p. 602). 
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Stimulate conceptual change or growth 

It is crucial that the learning environment must foster the continual adaptation 

of the learners’ mental models to their experiential environment via interac-

tion with both the physical and the social world. The issue of the perceivable 

viability of existing conceptions lies at the heart of teaching for conceptual 

change (Tenenbaum et al., 2001). Conceptual changes are not taken for 

granted. Instruction pointedly and carefully creates circumstances which en-

able the learner to change his mental models and reflect on these changes 

(Labudde & Pfluger, 1999). As Vosniadou (1994) puts it, “If strongly held pre-

suppositions and beliefs lie at the roots of misconceptions in science learning 

and are not going to wither away on their own, it is important to understand 

them and to take them into consideration in the design of instruction” (p. 66) 

In summary, two different classes of teaching strategies for conceptual 

change can be defined. Their application depends on the kind of change or 

growth that is necessary. The strategies in one class are based on building 

on and extending preconceptions – these strategies are labelled evolutionary 

(Scott et al., 1992) or continuous (Duit & Treagust, 1998). Those strategies 

start with conceptions which are compatible with the scientific concepts and 

develop them, often through the use of analogies or bridging strategies (D. E. 

Brown & Clement, 1989). Instruction makes use of intuitive qualitative con-

cepts and analogies to discard misconceptions: Students are encouraged to 

extend or develop existing views and apply them in new situations. Another 

approach (Niedderer & Schecker, 1982; Schecker & Niedderer, 1996) aims 

not at discarding misconceptions but at making the learners aware of differ-

ences between concepts and their validity-contexts (everyday situations/ sci-

ence contexts). Hereby students are encouraged to develop a scientific un-

derstanding which may be held in parallel with existing notions (Scott et al., 

1992). In all these strategies more emphasis is put on designing intervention 

for scaffolding and less emphasis on the accommodation of learners’ con-

cepts (Scott et al., 1992). 

The other kind of strategies are called revolutionary (Scott et al., 1992) or 

discontinuous (Duit & Treagust, 1998), and they are based on cognitive con-

flict and its resolution, that is on the intra-mental process of accommodation. 
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Those strategies start with the learners’ predictions or explanations and then 

confront them with disagreeing evidence; they aim at creating a cognitive 

conflict or dissonance (Festinger, 1962) between the learners’ concept and 

the scientific concept, between different learners’ concepts, between sets of 

ideas in one single learner, or between ideas and events (Scott et al., 1992). 

At the beginning the learners’ ideas concerning a problem are usually made 

explicit and the challenged, for example by discrepant events (Nussbaum & 

Novick, 1982) or by modelling a conflict between ideas (Stavy & Berkowitz, 

1980): In either case the learners are asked to recreate or even dismiss their 

present concept in favour of an entirely new one (Scott et al., 1992). A per-

turbation (Farnham-Diggory, 1994; Duit & Treagust, 1998) of the learners 

perception of his or her schema’s viability occurs as conflicts between differ-

ent concepts are caused (Tenenbaum et al., 2001; Gil-Pérez et al., 2002). 

On these revolutionary pathways certain difficulties are met, because stu-

dents have to be willing and motivated to recognize and resolve conflict, and 

they need to see the conflict when using discontinuous strategies. They need 

to perceive dissatisfaction with the old conception – which is difficult if those 

concepts or beliefs are entrenched – and students have many strategies for 

not changing their old concepts. Even the intelligibility of a new concept does 

not guarantee conceptual change: One can understand a concept but not 

believe it (Duit & Treagust, 1998). 

It has to emphasized that these continuous (evolutionary) and discontinuous 

(revolutionary) learning pathways for conceptual change and growth com-

plement each other and cannot be seen as contrasting approaches (Duit & 

Treagust, 1998). 

 

Create authentic contexts for learning 

As the acquisition of knowledge is closely bound to the circumstances in 

which learning occurs, it is important to pay special attention to the context of 

learning when one designs instructional settings. It is in authentic learning 

tasks or situations which are dominated by open-ended questions and open-

inquiry activities that learners will most probably create concepts which pos-

sess enough connecting points for transfer to different contexts (Labudde & 
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Pfluger, 1999; Duit & Treagust, 1998; Tenenbaum et al., 2001). Situated 

learning includes acquiring knowledge in authentic and open contexts and 

applying this new knowledge to different but similar situations, examples and 

problems to de-contextualise it (Reinmann-Rothmeier & Mandl, 1998; 

Gerstenmeier & Mandl, 1995). This repeated application of the new knowl-

edge in a variety of situations serves to deepen and consolidate it (Gil-Pérez 

et al., 2002). Also, learners shall be encouraged to investigate different points 

of view, to include multiple perspectives of a situation (Tenenbaum et al., 

2001). 

Teaching techniques in this resort rely strongly on the use of analogies and 

examples (e.g. Anchored Instruction [Cognition and Technology Group at 

Vanderbilt, 1990] or Cognitive Flexibility [Spiro, Feltovich, Jacobson, & Coul-

son, 1992]) hereby bridging the dimension of the school environment and 

everyday life [Reinmann-Rothmeier & Mandl, 1998]). The use of real-life con-

texts, questions and examples is an important measure for enabling transfer 

of the new knowledge and in this vein helps to prevent a mere accumulation 

of inert knowledge which remains unconnected to existing concepts and is of 

no use for application (Widodo & Duit, 2004; Tenenbaum et al., 2001; 

Labudde & Pfluger, 1999). Instead students develop knowledge and skills 

that can be applied to other problems and situations (Smerdon et al., 1999). 

Taking the context-dependence of knowledge seriously means also acknowl-

edging that the goal of instruction cannot be to ‘erase’ learners’ misconcep-

tions – a term that implies incorrectness – but to help learners develop and 

be aware of a flexible cognitive profile. This means to make learners aware of 

whether a given concepts is in accordance with what the rules of the genre of 

science demand (in terms of epistemological norms etc.). Misconceptions are 

viable everyday life conceptions and only wrong in terms of applying the rules 

of science. It is the scientific worldview which holds alternative conceptions 

(Leach & Scott, 2003). 

 

Incorporate the social component of learning 

As described before, the social component of learning becomes manifest on 

two levels: the macro- and the micro-level (see chapter 2.2.2). At the core of 
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the macro-level lies the continuous process of the learners enculturation into 

the scientific community of practice by means of peripheral participation 

(Lave & Wenger, 1991): The novice proceeds to become an expert through 

guided participation (Rogoff, Matsuov, & White, 1998; Reinmann-Rothmeier 

& Mandl, 1998). This acculturation is fostered as the expert guides the novice 

(Duit & Treagust, 1998). This process of cognitive apprenticeship (Collins et 

al., 1989) can be regarded as a complement to the conceptual change ap-

proach, in which learning is seen as the step by step introduction into a new 

culture (Widodo & Duit, 2004). It proceeds through several stages: In the be-

ginning, the expert (in our context the teacher) models appropriate action, 

behaviour or techniques during authentic learning situations. This modelling 

is continuously faded out, depending on the increase of the novices’ (in our 

context the students’) abilities. The teacher supports the learner by means of 

coaching and scaffolding (Collins et al., 1989; Gerstenmeier & Mandl, 1995).  

It is important to note that this means not an idealised or naive view of the 

students as researcher but rather that the students are novice researchers 

(Gil-Pérez et al., 2002). The goal is to develop the students’ ability to under-

stand and practice scientifically valid ways of arguing, to recognise strengths 

and limitations of these ways. To reach this, children need to participate over 

time in explicit discussions on the norms and criteria that underlie scientific 

work (Simon, Erduran, & Osborne, 2002a). As Leach and Scott (2003) put it, 

“It is necessary for teaching to focus upon scientific ways of talking and think-

ing about phenomena […]”(p. 104) rather than only on these phenomena. 

This way, the students learn discursive practices (which are yet different from 

commonsense reasoning and different from experts reasoning) (Driver et al., 

1994). Learning science involves internalising the social languages and gen-

res of science and becoming able to use them appropriately in various situa-

tions (Leach & Scott, 2003, p. 100). This language and genre is not only 

speech but includes specific notions of ways of thinking about things, ways of 

seeing the world, norms of talking about the world. Yet this genre is not the 

only legitimate one in the learners’ life: Science teaching can never replace 

everyday life thinking, language or genre. It’s rather the case that achieving a 

mature understanding of science means the awareness of different genres, 

their contexts and the ability to move between them according to contexts, 



  35 

recognising the appropriateness, power and limitations of each (Leach & 

Scott, 2003). The teacher interacts with the learners in different roles; in this 

sociocultural dimension she acts as a representative of the community of sci-

entists or researchers (Labudde & Pfluger, 1999). He has to make epistemo-

logical features of the science culture explicit in teaching and introduce new 

ideas or cultural tools where necessary, as well as provide the support and 

guidance for students to make sense of these for themselves (Driver et al., 

1994). 

Closely interwoven with this enculturation into the community of learners, the 

cultural nature of the generation knowledge itself lies at the heart of the mi-

cro-level. If learning is cooperative and collaborative (Jegede & Taylor, 

1995): What does this mean and what does it look like? Obviously it is not 

enough to once elicit the learners’ ideas, they then need to be subjected to 

critical group scrutiny (Jegede & Taylor, 1995). The teacher has to ensure 

that social (that is interpersonal) negotiations of meanings occur. Instructor 

and learners provide and share information: They listen to other views, they 

try to determine whether one understands the other view, they test one’s un-

derstanding of the other view while posing questions and making statements, 

and they challenge other views (Tenenbaum et al., 2001; Driver et al., 1994; 

Jegede & Taylor, 1995). This means that arguments, discussions, and de-

bates become an essential part of instruction (Labudde & Pfluger, 1999; 

Tenenbaum et al., 2001; So, 2002). 

It becomes evident that “introducing argumentation will require a shift in the 

normative nature of classroom discourse” (Simon et al., 2002a, p. 4), be-

cause this approach influences teachers’ and learners’ roles, causes a shift 

in authority, and poses specific demands on teachers’ skills for guiding such 

arguments (Leach & Scott, 2003; Watt, 1996; Seidel, 2003; Mortimer & 

Machado, 2000). Establishing such forms of negotiation as an element of 

teaching is a continuous process. The teaching culture and organisation must 

be supportive and the teacher himself has to be convinced of the value of this 

approach because he will interact as a cooperation partner in his students’ 

negotiations (Reinmann-Rothmeier & Mandl, 1998). 
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Justifications for decisions about the viability of ideas become an explicit part 

of the curriculum. Ideas are judged on the basis of epistemological criteria 

(the rules of the game of science) like consistency, the range of observations 

explained, the conceptual coherence and so on (Hewson et al., 1998) rather 

than based on the teacher’s institutional authority. 

 “The ability to guide the classroom discourse as ideas are explored and ex-

planations are introduced, is central to the science teacher’s skills and is criti-

cal in influencing students’ learning.” (Leach & Scott, 2003, p. 104). The 

teacher’s role during discussions is to listen to and respectfully question chil-

dren’s views as well as request argument and evidence (Driver et al., 1994). 

The teacher has to make connections between ideas, point out similarities or 

contrasts, request clarification or elaboration, invite students to respond to 

each other, summarize, suggest and test for consensus (Good & Brophy, 

1986; Watts & Bentley, 1987). Possible interventions are questions like ‘What 

did you mean? How did you do that? Why do you say that? How does that fit 

with what she just said? Could you give me an example? How did you figure 

that?’ Such questions aim at understanding what the other is understanding 

(Driver et al., 1994). 

 

Give room for self-directed learning 

From a constructivist point of view, learners carry greater responsibility for 

their learning (Hewson et al., 1998) and need to be given room to enact and 

further develop this responsibility and the necessary skills. This has a great 

impact on the room for self-regulation and self-directed learning that teachers 

concede to learners. The learners are supported in adopting ways of setting 

their own learning goals, to reflect upon and control their own learning path-

ways and results; herby they develop an increasing factual and self-

competence (Labudde & Pfluger, 1999). 

In order to achieve this, the teachers has to help learners in developing 

metacognitive knowledge and mind tools like critical and reflective thinking 

(Reinmann-Rothmeier & Mandl, 1998; Tenenbaum et al., 2001). The teacher 

has to make the discourse in the classroom explicitly metacognitive, thus de-

veloping in his students the ability to not only think with ideas but also about 
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ideas. This includes metacognitive skills – that is thinking about processes – 

and metaconceptual skills – that is thinking about the content of the concep-

tions themselves, for example comparing, contrasting, evaluating, contradict-

ing, supporting etc. (Hewson et al., 1998). 

 

Adapt to learners’ abilities 

Another important resource of constructivist learning environments is their 

ability to adapt to the learners’ skills at any given time during instruction. With 

all the aforementioned criteria concerning the active role of the learner, the 

scope given for self-directed learning etc. in mind, elements of direct instruc-

tion have to be employed as necessary. Only if both individual construction 

and manifold tools for supporting and guiding learning processes are allowed 

successful learning can occur (Reinmann-Rothmeier & Mandl, 1998; Hardy, 

Jonen, Möller, & Stern, 2006) 

It is no contradiction, neither in terms nor in practice, to integrate instructional 

support in a constructivist learning environment, as long elements of active 

involvement of the learner, experimentation, and discussion of ideas among 

the learners are maintained. 

Such instructional support can happen through elements of scaffolding (origi-

nally Vygotsky, 1978, reframed e.g. by Reiser, 2004; Pea, 2004). Such ele-

ments can consist of reducing the complexity of a task by sequencing it, and 

of focusing learners’ attention to certain aspects of their considerations and 

discussion through prompts that support their attempts to scientific reasoning 

(Hardy et al., 2006; Möller et al., 2002). This of course is a delicate task for 

the teacher, who needs to be finely “tuned to the needs of the learners in ad-

vance, anticipating their learning trajectories in the appropriate design of 

learning tasks.” (Hardy et al., 2006, p. 309) 
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Criticism 

Constructivism is not a new ideology which is able to solve all science teach-

ing/ learning problems (Gil-Pérez et al., 2002)5, but is has a high value for 

teaching science. Some critical remarks are in order and shall serve to direct 

attention back to the original idea of constructivist learning and teaching. 

It has been stated by many researchers (Smerdon et al., 1999; Widodo, 

2004; Tenenbaum et al., 2001; Hewson et al., 1998) that this way of teaching 

is prone to a jingle-jangle-error (M. Clausen, personal communication, Feb-

ruary 16, 2004). This means that constructivist teaching is a fuzzy construct: 

At the same time different names exist for what this construct means (e.g. 

authentic instruction, teaching for understanding, learner-centred instruction, 

and inquiry teaching) plus the meaning of the construct ‘constructivist teach-

ing’ itself is defined differently among researchers. The preceding chapters 

therefore served to reduce the danger of presenting and working with such a 

fuzzy construct in this study. The author has also pointed out that this thesis 

builds upon a moderate constructivist approach that includes also elements 

of direct instruction that serve to reduce complexity according to the individ-

ual learner’s abilities. 

Another issue of criticism concerns the fact that – if superficially regarded – 

this constructivist way of teaching does not offer anything new but consists 

only of an accumulation of well-known teaching techniques (e.g. Widodo, 

2004, Tenenbaum et al., 2001; Hewson et al., 1998). They find that “there 

are features of the teacher’s role, students’ roles and classroom climate that 

conceptual change teaching shares with other forms of teaching” (Hewson et 

al., 1998, p. 200) and that “constructivism does not suggest unique practices 

distinguished from all other learning models. It merely suggests using strate-

gies that are already well known to be effective” (Tenenbaum et al., 2001, p. 

93). 

To meet this criticism we have to establish clearly, what the key features of 

an instructional design approach that derives from a constructivist orientation 

actually are. The answer is twofold. If we regard learning environments, the 

                                            
5 On the debate about the criticism on constructivism in science education see the synoptical 
discussion in Gil-Pérez et al., 2002 
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key question whether they are implemented in a constructivist way depends 

not only of the used strategies and techniques we observe: They are not 

automatically constructivist strategies, but were partly drawn from objectivist 

traditions and put in the service of constructivist teaching (Tenenbaum et al., 

2001). The constructivist character of the learning environment depends on 

the assumptions that the teacher maintains about learning. One can hardly 

clarify this issue by looking at teachers’ actions in the classroom, but rather 

by eliciting their views and beliefs, their conceptions of learning and teaching 

science via questionnaire or interview.6 

The second part of the answer concerns the students’ perceptions of the 

learning environment: Only if the offered degrees of freedom (in contributing 

ideas, social negotiation, self-direction and so forth) are as such perceived 

and utilized by the learners themselves, then the learning environment be-

comes truly constructivist (Gerstenmeier & Mandl, 1995). Therefore, the ana-

lyses in this study also concern the pupils’ actions: do they respond to the 

stimuli given by the teacher, and in which way do they respond? 

One last issue of the constructivist teaching debate shall be mentioned here, 

namely that of implementation in everyday school teaching. One obstacle lies 

in the fact that teaching from a constructivist point of view takes an influence 

on basic elements of instruction like for example the power structures in the 

classroom and material and time resources. Adapting the existing predomi-

nant way of teaching to a more constructivist approach may well prove diffi-

cult for these reasons (Jegede & Taylor, 1995). Herein lies the danger that 

teachers apply only simplistic recipes for constructivist (or conceptual 

change) teaching, but not the essential and underlying base of it, and for 

teacher instructors the danger lies in trying to change teachers without re-

flecting on their underlying epistemologies concerning learning (Gil-Pérez et 

al., 2002). This now concerns the main interest of this thesis, namely to 

evaluate ways that shall enable the desired true teacher change towards 

constructivist teaching practice. 

                                            
6 This thesis is part of a larger research project during which these features were assessed. 
A synopsis of results will be reported in the context of the discussion in chapter 10. 
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With the above descriptions and criticisms in mind, the question arises in how 

far those approaches have to date been disseminated and implemented in 

everyday teaching. 

 

Summary of chapter 2 

The goals for science education in the early years (age 6-11) have 

been stated; these can in short be summarized as fostering conceptual 

and procedural understanding, creating meaningfulness for the learner, 

waking and sustaining motivation and interest, building a positive self-

concept and pleasure in learning. 

The author argues that these goals are largely considered in and can 

be met by using constructivist approaches to learning and teaching sci-

ence. This approach holds the view that learning is an active, individual 

and social construction process, situated in meaningful contexts, self-

directed and meta-cognitive, including elements of direct instruction to 

adapt to learners’ abilities. 

Guidelines for teaching science were derived from this view of learning 

as conceptual change or growth. Those are the value given to learners’ 

prior knowledge, techniques to stimulate conceptual change, sustaining 

learners’ interest and motivation, the enculturation into the community 

of scientists, the creating of a complex and meaningful problem and 

context for learning, enabling the social negotiation of meanings among 

the learners via discussions, and allowing for an appropriate degree of 

self-determination and meta-conceptual reflection. This is supported by 

measures of structuring and scaffolding which aim at reducing com-

plexity if necessary. 

Criticism on the theoretical level refers to the dangers of and ill-defined 

notion of constructivism, the arbitrariness of the concept – a criticism 

met by the detailed remarks in this chapter. A more practical issue is 

that of implementation, referring to the obstacles and dangers of misin-

terpretation, which need to be considered especially for science 

teacher education. 
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3 Analysis of the status quo: primary science teach ing 

 

“The teaching profession seems to attract people into primary teaching 
who fear science rather than those who love it.” 

Appleton, 2003, p. 21 

 

 

Chapter 3 now explores the current situation of primary science teaching, 

inferring conclusions about the status quo of actual German primary science 

teaching. 

Unfortunately, primary science education in Germany has not yet been sub-

ject to encompassing research, and therefore it is almost impossible to state 

validly the exact status quo of how teachers design their instruction. But there 

is a certain body of research on primary science teachers’ own learning biog-

raphies, their self-percepted abilities as science teachers, and their attitudes 

towards science learning and teaching (e.g. Möller, Tenberge, & Ziemann, 

1996; Peschel, 2007; Möller, Jonen, & Kleickmann, 2004; Döbrich, Klemm, 

Knauss, & Lange, 2003b). In addition, some studies on teaching practice in 

German secondary science classrooms and international studies on primary 

science classrooms in the UK, the United States, and Australia can help de-

rive conclusions about the situation at hand (secondary science: e.g. Widodo, 

2004; Widodo, Duit, & Müller, 2002; Seidel, 2003; international primary sci-

ence: e.g. Appleton, 2003; Worth, 2004; Harlen, 1997, 2004). 

 

 

3.1 Between traditional and innovative teaching 

In very broad strokes, we can sketch an image of primary science teaching, 

in which innovation in the abovementioned sense (chapter 2.2) has in large 

parts either not (yet) arrived or undergone sometimes serious distortions. A 

constructivist notion of learning and teaching in science is internationally ac-

cepted on the theoretical and political plane – yet we find that materials and 

handbooks like SPACE (Harlen/ Black, Liverpool), Nuffield primary science 

(Nuffield Foundation), INSIGHTS (Worth, EDC Boston), or Natur-Mensch-
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Mitwelt (Kantone Aargau, Bern), which were subsequently developed, are not 

(yet) successfully implemented (Möller, 2007c). 

As Worth (2004) states, there is a certain number of teachers in (US) ele-

mentary schools who teach according to a constructivist or inquiry-oriented 

view, but that their number is low. The growing body of research on children’s 

ideas and thinking in science is in her experience little known by many 

teachers. 

Widodo and Duit (2004) found similar results in their video study on secon-

dary science teaching in Germany: Their interviews showed that most teach-

ers were not informed about the key results of research on science learning 

and teaching, were not aware of conceptual-change strategies, and conse-

quently did not hold a constructivist view (see also Baird & Northfield, 1992). 

Rather, their understanding of science was naive and empiristic (see also 

Ledermann, 1992). One is not surprised at the fact that, during the investi-

gated lessons, key features of constructivist learning environments were not 

frequently observed. Although teachers did question pupils to determine their 

previous knowledge, only in few cases this knowledge was built upon during 

the following teaching sequence. Typically, pupils were asked what they 

know about a topic at the beginning of a teaching unit, but then instruction did 

not pick up on this knowledge base, a pattern which was similarly observed 

by Hewson, Tabachnik, Zeichner and Lemberger (1999). In addition, efforts 

to determine learners’ interests, attitudes, or needs were rarely observed. 

During teaching, strategies to enable conceptual change were hardly rele-

vant. And although a fair amount of experimentation was used during teach-

ing, most of which made use of everyday life examples and materials, those 

experiments offered only little room for self directed planning and/ or interpre-

tation of results (Widodo & Duit, 2004). Similarly, Gil-Pérez et al. (2002) de-

tect that obviously  

teachers present serious resistance to adopting ‘constructiv-
ist’ positions – this is to say, to organising science learning as 
the (re)construction of scientific knowledge through an ori-
ented research – and often introduce serious distortions. (p. 
568) 
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Usually, a pattern was observed (Widodo & Duit, 2004) which has in the past 

been labelled teacher controlled questioning or I-R-E sequences (Mehan, 

1979; Sinclair & Coulthard, 1975; in Germany fragend-entwickelndes Unter-

richtsgespräch). The teacher opens a discussion with an initial question, the 

pupils respond, and the teacher evaluates the answer in terms of right or 

wrong. A chain of such questions and answers follows, which aims at devel-

oping the scientific point of view of the topic. If, during those sequences, the 

teacher induces cognitive conflicts, those conflicts take the form of confronta-

tion with results from experiments or with the accepted scientific view. In ei-

ther case, the teachers’ statements are deciding. Thus, the teacher maintains 

high control over the discourse topic. In all, instruction as it was observed by 

Widodo and Duit (2004) tends to be teacher-controlled with only little ex-

change of thoughts among the learners, little encouragement of self-

regulated learning or critical handling of own ideas, and little thinking about 

the nature and methods of science (see also Seidel et al., 2007). 

These observations show that a direct-transmissive, teacher-centred view 

still lingers in science classrooms. It has in the past been described in detail 

by many authors (e.g. Mehan, 1979; Good & Brophy, 1986; Lemke, 1982; 

Alpert, 1987; Reinmann-Rothmeier & Mandl, 1998). In broad strokes, it is a 

behaviourist, receptive notion of learning, with the teacher as didactic leader 

and presenter of facts to be memorized, and with learners who try to deliver 

the answers that the teacher is expecting. Such exchange, which Mortimer 

and Machado (2000) call authoritative discourse, aims at transmitting mean-

ings, not at generating new meaning. 

It can be assumed that this pattern is not only germane to secondary science 

classrooms, but is also likely found in primary science teaching. In his re-

search on Australian primary science teachers, Appleton (2003) found that a 

significant number of teachers avoided teaching science. If they did teach it, 

the strategies used were for example teacher-controlled discussions, teacher 

explanations, watching science television shows, and teacher demonstra-

tions. In addition, interviews showed that those teachers “are not knowledge-

able about science, and lack confidence to teach it” (Appleton, 2003, p. 1). 

Appleton concludes that lack of confidence to teach science leads to the use 

of strategies that allow the teachers to maintain control of the classroom 
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knowledge flow. Beginning teachers seem to revert to authoritarian, teacher-

centred approaches, a result which is consistent with findings in other coun-

tries (e.g. Harlen, 1997; Symington, 1980). Harlen (1997) mentions several 

strategies that teachers develop to cope with low confidence in their ability to 

teach science. They avoid physical sciences or keep to topics where their 

confidence is greater (usually this is biology rather than physics or chemis-

try). They stress process outcomes rather than conceptual development out-

comes. They rely on the book or prescriptive work cards that give pupils step-

by-step instructions, and avoid all but the simplest practical work and any 

equipment that can go wrong. They emphasize expository teaching while 

underplaying questioning and discussion.  

In Appleton’s (2003) experience, some beginning teachers use teaching 

methods which are not science-specific but are drawn from other subjects 

(like reading about a science topic, doing book research, writing a report 

etc.). It is reasoned that teachers who have little pedagogical content knowl-

edge (including strategies to involve children in science) feel comfortable if 

they use strategies that they are familiar with from experiences in other sub-

jects. In addition, they feel they do not need subject matter knowledge them-

selves, because the children draw all necessary information from their book 

research. Unfortunately, all those are not appropriate strategies to engage 

pupils actively in science. 

 

The reasons for this ‘state of the art’ can be summarized under the term lack 

of (Asoko, 2000; Mellado, Blanco, & Ruiz, 1998). Internationally, researchers 

find fault with teachers’ knowledge background and their attitudes towards 

teaching, including their feelings about their own abilities as science teachers 

(e.g. Anderson & Mitchener, 1994; Asoko, 2000; Cochran & Jones, 1998; De 

Jong, Korthagen, & Wubbels, 1998; Möller, 2004b; Möller, 2007c; Peschel, 

2007). Besides the teachers’ subject-matter knowledge it is particularly their 

pedagogical content knowledge which is identified as lacking (e.g. Harlen, 

1992; Summers & Kruger, 1994). Researchers worldwide find that primary 

science teachers sometimes even hold the same or very similar misconcep-

tions about science topics as their pupils, and suggest to consider those 
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teachers as adult novices in their area of expertise (Summers & Kruger, 

1994).  

In Germany like in many other countries, primary teachers are generalists, 

not science specialists. Pre-service teacher preparation has to cover many 

bases, and only few degree programmes specify physical science modules 

as compulsory – thus, prospective teachers have the possibility to avoid con-

tact with physics or chemistry (Möller, 2004b; Möller et al., 2004). According 

to recent surveys in Northrhine-Westfalia, only 17% of those who teach 

physical sciences in primary school have actually studied it at university – 

most of whom chose biology as their main interest (Peschel, 2007). Numbers 

vary slightly across studies, yet also Möller, Jonen and Kleickmann (2004) 

speak of at least 75% of all primary science teachers who did not study phys-

ics at university (similar results for physics and chemistry: Döbrich et al., 

2003b). In addition, more than 40% of the questioned primary science teach-

ers judge their abilities to teach physical sciences as inadequate. 

Teachers do not seem to underestimate the importance of learning science 

at an early age. For example, most of the primary science teachers agree 

that physics should be of high importance in primary school, and that children 

at that age are both willing and capable to engage in such topics. But in ret-

rospective, the teachers’ own interest in physics as a school subject is low, 

and they rate their abilities to understand physical content as insufficient 

(Möller et al., 2004). It must not be forgotten that most primary school teach-

ers are women. It is their own biography as a learner that seems to stand in 

the way, having produced a negative image of themselves as learners of sci-

ence (Marquardt-Mau, 1996). Based on their learning experience, many 

teachers have also developed a view of learning and teaching as rather re-

ceptive and passive on the learners’ side, fed by direct information about ob-

jective truths or facts by the teacher (Baird & Northfield, 1992; Ledermann, 

1992; Asoko, 2000; Möller, 2007c). 

The nature of the problem is similar in US elementary schools. In their re-

view, Anderson and Mitchener (1994) list a lack of content knowledge, an 

inadequate understanding of the nature of science, and the need for a 

broader, more interrelated view of science as core issues and add, that 
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teachers at the elementary level “perceive themselves as lacking the elemen-

tary knowledge to teach science” (p. 21). Asoko (2000) describes a similar 

situation for the UK initial primary science teacher education. 

 

Other reasons add to the dilemma in science teaching. Materials for hands-

on activities are not available in the necessary numbers, and existing curric-

ula-materials portray a different, distorted image of primary science teaching. 

In some countries, high-stakes assessment has taken an influence on teach-

ing practice, too (Möller, 2007c). Harlen (2004) for example gives a report of 

the effects of high-stakes summative assessment in the UK on teachers’ 

strategies to cope. Teachers adopt a teaching style, which emphasises 

transmission teaching of knowledge. Some teachers go even further than this 

and actively teach pupils to the test instead of spending time on helping them 

understand what is being tested. Even if they do not actively teach to the test, 

the teachers themselves report that they change their former approach to 

teaching, providing less opportunity for students to learn through enquiry and 

problem solving. Instead, they increase the amount of learning time spent on 

direct instruction of facts to be tested. Science is thus reduced to the trans-

mission of facts, with only little room left for problem solving and other higher 

order thinking skills – and motivation for learning is reduced. Harlen (2004) 

also argues that the current high-stakes summative assessment leaves no 

more room for formative assessment, conducted by the teachers themselves 

to inform their teaching, which is much more congruent with the idea of mod-

erate constructivist learning and teaching. 

 

 

3.2 Innovation gone astray 

Therefore, we find a still dominant pattern of transmissive teaching in primary 

science classrooms, where innovation in a constructivist sense has not yet 

largely taken hold. On the other hand, we find examples of inquiry-based, 

active, and learner-oriented hands-on teaching in primary science. The ques-

tion is in how far they can be called constructivist.  
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In the past, primary teachers have been found to show a stronger view of 

learning as a learner-oriented process than secondary teachers (Gess-

Newsome, 1999; Brookhart & Freeman, 1992; Drechsel, 2001). Also, re-

search shows that primary science teaching places a high emphasis on 

hands-on activities (Gustafson & Rowell, 1995; Prawat, 1992). But several 

authors report that this learner-orientation and hands-on teaching has under-

gone some serious distortions and can not reasonably be labelled construc-

tivist (Appleton, 2003; Gil-Pérez et al., 2002; Mayer, 2004; Möller, 2007a). 

Often such hands-on activities are drawn from teacher preparation units, 

sourcebooks, colleague advice etc. and only executed by the teacher, who 

“hopes that activities will inherently ‘teach’ those engaged in them” (Appleton, 

2003, p. 17). This is a distorted form of discovery learning. It assumes that 

the students will learn whatever an activity is about, simply by doing it. “There 

is no consideration of the ‘hands-on, minds-on’ emphasis of current construc-

tivist thinking.” (Appleton, 2003, p. 17) 

Gil-Pérez et al. (2002) agree that despite superficial similarities such open 

hands-on discovery learning is substantially different from constructivist 

teaching. The meaning of the term active is here only behavioural and does 

not refer to mental activity, and the theoretical underpinnings are that of an 

extreme inductivism. Free observation and experimentation are not con-

nected to aprioristic ideas, and neglect the important role played by hypothe-

sis making, and the role of social negotiation of a coherent body of knowl-

edge. Science learning is reduced to merely enacting the process of science. 

Mayer (2004) coined the term the constructivist teaching fallacy, and he, too, 

criticises the realization of teaching as only behavioural hands-on activities, 

as pure and unstructured exploration with little or no intellectual guidance 

from the teacher. He sees the danger that both hands-on activities and group 

discussions are seen as ends in themselves, and not as means to an end. 

He argues that as passive media like books, lectures etc. were classified as 

non-constructivist, a much simplified formula led to the definition of active 

venues, such as group discussions, hands-on activities and interactive 

games as constructivist teaching. He calls this a formula for educational dis-

aster. The criticism stands to reason: Such teaching fails to promote cogni-

tive processes that engage the learner in a mentally active way with the to-
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be-learned material. If so, no amount of hands-on or group-discussion will 

help the learner make sense of it. Asoko (2000) sketches a very similar im-

age of how doing science seems to predominate in the UK, often without the 

addition of seeing and talking science, when teachers tend to overemphasize 

process over content. 

In the context of open and learner-oriented science teaching in German pri-

mary schools, similar effects could be observed, as Möller (2007b) reports. 

The basic principles of constructivist-informed teaching are misunderstood, 

and active learning is again reduced to behavioural activity. Learners are en-

couraged and given opportunity to engage in experimentation – but guided 

by step-by-step directions to be executed. The explanation for the observed 

effects is more often than not delivered by the teacher him- or herself – or by 

a text on the backside of the work-card. 

An analysis of curricula-materials available for open primary science teaching 

shows, that those materials often consist of collections of experiments for a 

certain topic, which are not necessarily conceptually connected (Möller, 

2002). Other materials offer a range of activities and experiments for a learn-

ing circus or a project, which cover several aspects of one topic (e.g. water: 

ranging from states of aggregation to buoyancy to sewage works). This multi-

tude can easily overstrain the learners, and both teachers and learners find it 

hard to develop conceptual understanding and link the emerging concepts. 

Again, the learners’ activities are restricted to the behavioural plane, while 

real understanding is bypassed in favour of a rather receptive mental activity. 

Speculations about the reasons sound familiar. Constructivist-oriented teach-

ing demands a lot from teachers: secure knowledge about the science con-

tent and expertise concerning appropriate methods of teaching, at least, and 

these seem to be not sufficiently developed among primary science teachers 

(see chapter 3.1). 

 

This review of the status quo has delivered an image of the deficits that exist 

in primary science teaching concerning the implementation of constructivist 

approaches. How can this desired implementation be advanced in the light of 
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existing problems? It is obvious that teacher preparation should play a promi-

nent role. 

 

 

Summary of chapter 3 

Constructivist approaches to science teaching have not yet arrived in 

vast parts of school reality; in other parts, they experienced sometimes 

serious distortions during their implementation. 

Many secondary and primary science teachers are not aware and do 

not teach according to the body of international research on children’s 

ideas and thinking in science.  

Rather, they have a view of science and/ or show a teaching practice 

which is rather transmissive (secondary and primary school) or open 

and learner-oriented in a way that resembles unguided, open hands-on 

discovery teaching (primary school). 

The reasons seem to lie mainly in the teachers’ conceptions of learning 

and teaching, their science content knowledge, their pedagogical con-

tent knowledge, and their perception of themselves as learners and 

teachers of science. The roots seem to lie in the teachers’ own learning 

biographies and insufficient teacher preparation for teaching science. 

Additional reasons concern the schools equipment with hands-on mate-

rials, the pressure of high-stakes assessment (e.g. in the UK), and the 

image of science teaching that the available curricula-materials portray. 
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4 The role of pre-service science teacher education  

 

“As ongoing and future research provides greater understanding of 
what constitutes constructivist teaching, researchers will need to 

address directly questions about how to educate teachers to successfully 
teach in this manner. It may well be the most needed 

– and potentially fruitful – 
area of research in science teacher education.” 

Anderson & Mitchener, 1994, p. 26 

 

 

The enterprise of implementing constructivist teaching practice in primary 

science must be informed by research about where teachers stand at the 

beginning of their education, how teachers learn, and how they can change 

their conceptions about teaching, even their epistemology or philosophy of 

learning and teaching, and finally their teaching practice towards more con-

structivist approaches. 

The following chapter will start with an outline of what primary science 

teacher need to teach in such a fashion and then deliver results of interna-

tional research on the above-mentioned topics. The chapter will conclude 

with concrete guidelines for the design of respective pre-service teacher edu-

cation programs. 

 

 

4.1 What do prospective teachers of primary science  need? 

As Hewson, Beeth and Thorley (1998) put it, “teaching for conceptual change 

requires a great deal of teachers.” (p. 215) With respect to content, teachers 

need some interest and curiosity about the natural world, which they can in 

turn pass on to their students. They need to know the content of the science 

curriculum and feel confident about their knowledge, confident that science is 

accessible to them (Worth, 2004). Yet content (or subject matter) knowledge 

becomes valuable only in connection with the associated pedagogical con-

tent knowledge: the knowledge of how to present this content to learners to 

enable active and constructive learning. This includes that the teacher must 
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know about a range of ideas and conceptions his pupils might on hold on the 

subject prior to instruction, and he needs to have ideas for how to react to 

those learners’ ideas when uttered during instruction. Knowledge about the 

inherent structure of the content – that is the concepts that are central to the 

content and their hierarchy within the subject – come together with knowl-

edge about typical learner conceptions and learning difficulties to create a 

sequence of learning activities that allow potential learning pathways through 

the content. Such knowledge of typical conceptual stages, through which the 

children progress can only be gained through practice. Once acquired, “such 

knowledge is likely to contribute greatly to the expertise and confidence of 

the teacher.” (Scott et al., 1992, p. 326) 

With respect to epistemological or philosophical aspects of science as a dis-

cipline, the teacher needs to be well grounded in issues of the nature of sci-

ence – its mechanisms of realization, methods of inquiry, and epistemological 

foundations (Hewson et al., 1998). This includes an understanding of the na-

ture and the purpose of scientific endeavour, as well as some own experi-

ence with inquiry. No less important is the big picture, i.e. the role of science 

and technology in society in general (Worth, 2004). 

As the view of how children learn is concerned, teachers need knowledge of 

how, in the constructivist sense, learning occurs, about the conceptual 

change model and its prerequisites. They need an image of the role and the 

functions of a learner’s conceptual structure or ecology, and of the mecha-

nism by which learners assess the status and validity of their concepts 

(Hewson et al., 1998; Möller, 2004b). Yet knowledge of these facts is not 

enough: It is necessary that the teacher believes them to be valuable for his 

teaching, that his conception of learning and teaching is deeply rooted. Only 

then will a teacher be able to show interest for his students’ culture, their in-

terests and experiences, and will respect the ideas and reasoning skills that 

his students display (Worth, 2004). 

With respect to instruction, teachers need to know a variety of pedagogical 

techniques which go beyond the typical repertoire of a good teacher and 

which are specifically used to foster conceptual growth processes and to ac-

tively engage learners in the construction of knowledge (Hewson et al., 
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1998). The entirety of requirements and the absurdity of implementing them 

piecemeal become clear in the words of Doyle (1990) when he states: 

Professionally trained teachers, in other words, should first 
and foremost be able to inquire into teaching and think criti-
cally about their work. The knowledge base for the prepara-
tion of reflective professionals includes personal knowledge, 
the craft knowledge of skilled practitioners, and propositional 
knowledge from classroom research and from the social and 
behavioural sciences. Within this framework, research and 
theory do not produce rules or prescriptions for classroom 
applications but rather knowledge and methods of inquiry 
useful in deliberating about teaching problems and practices. 
(p. 6) 

 

In addition to such teaching techniques, the teacher needs to be able to 

choose appropriate activities (e.g. experiments) and materials. The teacher 

therefore needs to (invent his/her own experiments or) analyse suggested 

activities or experiments e.g. in textbooks to find out whether they are safe, 

whether they will deliver new information on the concepts at issue, and how 

they have to be prepared and embedded. The choice of materials is also im-

portant, as they should enable pupils to make connections to their everyday 

experiences.Therefore standardised and everyday/ household materials must 

be chosen carefully. 

 

4.2 Research on the impact of pre-service science t eacher edu-

cation – Identifying core issues 

Unfortunately, there is no coherent body of research on the effects of teacher 

education, in Germany even less than in the USA or the UK. Only recently, 

during the 1990s, has research on teacher education in Germany become a 

field of interest (Larcher & Oelkers, 2004). There exists no encompassing 

study on the impact on practice (Blömeke, 2005; Kolbe, 2004; Döbrich et al., 

2003b; Terhart, 2001; Heran-Dörr, 2006), and Larcher and Oelkers (2004) 

conclude that „die heutige Ausbildung weiß nicht, wie sie wirkt, also ob sie 

Ziele erreicht oder nicht“ (p. 146). 

In the US, a considerable number of studies have taken interest in the impact 

of teacher education. Yet their summative interpretation is not easy and 
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sometimes delivers inconsistent or even contrary results across studies, as 

they do not use a consistent terminology, no consistent methodology, and the 

modes of gathering data and the variables they use differ considerably 

across studies (Anderson & Mitchener, 1994, Blömeke, 2005). Worth (2004) 

states that  

There is interesting research on how adults—college stu-
dents— develop understanding of particular ideas in science, 
but there is little or no significant research on what level of 
impact innovative courses, workshops, and other profes-
sional development strategies actually have on classroom 
practice. This is a pressing issue that must be addressed. (p. 
24) 

 

Nonetheless, research on science teacher education has identified core is-

sues or constraints that pose problems in preparing teachers for constructiv-

ist science teaching, concerning mainly the situation of teachers when they 

begin their studies. They regard mainly the teachers’ deficient subject matter 

knowledge, their (lack of) confidence in their own abilities, and their conflict-

ing conceptions of learning and teaching science as problematic. 

Objectively as well as subjectively, prospective science teachers have an 

inadequate subject matter preparation: „Teachers, especially at the elemen-

tary level, perceive themselves as lacking the necessary knowledge to teach 

science.” (Anderson & Mitchener, 1994, p. 21). Yet interestingly, efforts of 

increasing the amount of science content in teacher preparation programs 

alone did not prove successful (Appleton, 2003). 

Sometimes, students are optimistic about their future teaching abilities, as 

they believe they know how teaching works and looks – from a receptive and 

direct instructive point of view. However, many pre-service students feel that 

science is inaccessible to them, that they know little, and that they cannot 

learn science. What science they learned was often delivered through text or 

lecture, and successful learning meant largely memorisation.  

Thus, new and experienced teachers, as a result of their ex-
periences as students in traditional classroom settings, hold 
beliefs and understandings about the nature of science, the 
disciplines, and how they are best taught and learned that 
are counter to the principles underlying the new instructional 
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approaches they are being asked to put into practice. (Davis, 
2003, p. 6) 

 

Those beliefs are largely resistant to change, and they serve as a filter for 

incoming information. In order to prepare teachers to teach science to chil-

dren in a constructivist way, teacher preparation must enable those teachers 

to move beyond their fears and create a whole new vision of what science is, 

as well as develop some confidence in themselves as science learners – but 

what will give them this confidence (Worth, 2004)? Experiences from micro-

teachings show that students are expected to master concepts of teaching 

that are entirely different from those they experienced themselves during 

their school career – and which they still experience as student teachers at 

university (Blömeke, 2004). This leads to the aspect of the consistency of the 

what and how, to the discrepancies between actual and intended teaching 

practice. Several studies show that teachers who are expected to engage 

their pupils in science inquiry have never been exposed to those methods 

themselves during their preparation courses (see Anderson & Mitchener, 

1994). 

Russel (1993) has suggested an interesting list of misconceptions or expec-

tations with which students begin their initial training. These include that 

teaching can be told to them, and they will learn how to teach by listening – a 

very passive, receptive view of learning to teach. From previous school ex-

perience they have learned that personal opinion and discussion did not mat-

ter – and neither are they assumed relevant now, as little as their personal 

reactions to teaching. They seem to assume that goals that are set for pupils 

(like self-directed learning etc.) do not apply for their own learning as pro-

spective teachers. In their regard, theory is irrelevant for practical teaching, 

and rarely works in the real life classroom. Finally, experience is seen as 

something that every teacher has to acquire him- or herself in the classroom, 

but which cannot be analyzed or communicated to others.  

In part, other researchers who state that prospective teachers enter teacher 

education with conceptions of relevant aspects of schooling and teaching 

confirm this list. Those beliefs are based on experience, as their own learning 

biography serves as an “apprenticeship of observation” (Lortie, 1975, p. 61). 
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In the past, teacher education has often been regarded as a low impact en-

terprise or weak intervention (Lortie, 1975), when it is compared to the rela-

tive stability of the teachers’ own learning experiences and their later profes-

sional socialisation when they begin teaching. It seems that any effects of 

teacher preparation are then “washed out by school experience” (Zeichner & 

Tabachnik, 1981, p. 7). Koch (1972) drew a similar conclusion in an older 

German study. He found that beginning students hold a direct instructive and 

receptive view of learning and teaching. During teacher education, they ex-

perience certain changes towards a more liberal view. As they begin teach-

ing, they recur to traditional views, and those harden during their beginning 

years – a pattern that became known as the ‘Konstanzer Wanne’ (similar re-

sults: Dann, Müller-Fohrbrodt, & Cloetta, 1981; the back-to-square-one phe-

nomenon by Jungwirth & Zakhalka, 1998; Salish Research Consortium, 

1997). An explanation is offered: Beginning teachers feel under pressure to 

give up their newly acquired views and beliefs in the face of routines and 

practical restrictions in their new workplace (Wahl, 1991; Wahl, 2002; 

Simmons et al., 1999; Aubusson & Watson, 2002; Hewson et al., 1999). 

Other authors agree that probably the teachers’ own learning experiences 

pose too strong a resistance to the adoption of a constructivist view of learn-

ing and teaching science, and ‘haunt’ the prospective teachers throughout 

their professional life (Kagan, 1992; Radtke, 1988). Tabachnik and Zeichner 

(1999) point out two major factors of why pre-service teacher education has 

had so little impact in the past, which are 

(1) their failure to examine and confront the conceptions of 
teaching and learning that prospective teachers bring to pro-
grams; and (2) their failure to confront and somehow over-
come the gap that typically exists in teacher education pro-
grams between how prospective teachers are encouraged to 
teach and the teaching that goes on in the schools where 
they are placed during their education for teaching. (p. 312) 

 

It seems obvious that preparing teachers for constructivist teaching is a com-

plex enterprise that has to consider many layers of the issue. Change does 

not occur by simply altering single variables as how teachers feel etc.  

Several studies reveal that changing teachers’ teaching prac-
tice is very difficult. […] Practicing a new idea in teaching is a 
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result of long processes and is affected by many factors, 
such as understanding and acceptance of the idea, belief in 
its effectiveness, skills related to the idea and support to 
practice the idea. (Widodo, 2004, p. 47f) 

 

Such change needs time, and even if changes occur, studies have repeat-

edly shown that even those new conceptions can still exist alongside with old 

views (De Jong et al., 1998). 

Known factors that hinder teachers in practicing constructivist ideas in the 

classroom are according to Widschitl (2002) that teachers do not understand 

the meaning of constructivism and constructivist teaching and do not believe 

in it. Changes towards a constructivist view imply changing whole sets of 

pedagogical views. Later, when the beginning teachers enter teaching, they 

experience that adopting constructivist teaching implies changing classroom 

culture, and that there is a strong influence of the other stakeholders (e.g. the 

parents, pupils, administration etc.). 

An important issue, which is a source of contradicting results, is the relation-

ship between teachers’ conceptions of how science instruction should be and 

their enactment of these ideas – the relationship between teachers’ knowl-

edge and practice. It is complex insofar as knowledge is produced through 

experience, yet it is the basis for decisions about action. Also, knowing does 

not immediately imply the ability to execute this knowledge (Kolbe, 2004). 

This is mirrored in research results. While Appleton and Asoko (1996) found 

there to be a coherence between a primary science teacher’s constructivist 

view of learning and teaching and the planning of lessons and the teaching 

practice, other studies found only partial coherence and also contradictions. 

A constructivist view was contradicted by teacher-centred practice, or expert 

primary science teachers themselves perceive contradictions between their 

beliefs and their classroom behaviour (Mellado, 1998). Some studies indicate 

that there is more consistency between beliefs and practice in experienced 

teachers than in novice and prospective teachers. The latter show greater 

contradictions and seem to tend to traditional teaching behaviour (Mellado, 

1998). 
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However, there are results of international research that give constructive 

hints to the way successful teacher education programs (in terms of prepar-

ing teachers for constructivist teaching) should be designed (e.g. Anderson & 

Mitchener, 1994; Appleton, 2003; Gunstone, Slattery, & Baird, 1989; Webb, 

1992; Tobin, 1989; Gao et al., 1989). They shall be presented in the following 

chapter. 

 

 

4.3 Research on the impact of pre-service science t eacher edu-

cation – Recommendations for primary science teache r 

preparation programs 

Potential for change 

Several authors stress how necessary it is to allow prospective teachers to 

explore their own relationship with certain kinds of issues – for example their 

own epistemology, their conception of learning and teaching etc. – and pro-

vide them with a model for constructivist learning situations. By doing so, the 

prospective teachers’ preconceptions, beliefs and attitudes are made explicit, 

reflected on, and tied up with to induce gradual change. The model serves as 

a goal or perspective towards which lifelong professional development shall 

move (Trumball, 1991). 

This process of gradual change is characterized by Gao et al. (1989). Their 

qualitative study looked on the changes that practicing teachers underwent in 

developing their teaching towards a more constructivist practice. They found 

that change could not take place unless the teachers felt certain dissatisfac-

tion with their current approach. This dissatisfaction alone would not bring 

about any change, but open the door for a search for and an engagement 

with new ideas – for example via talking with other people, reading a book, 

discussing with peer groups etc. They also observed that – when teachers’ 

put their newly developed ideas into practice – this practice would often be 

ambiguous, because old and new philosophies and techniques were still 

mixed together and not yet clearly defined. Mellado (1998) also considers 

this intermediary stage when he states that “there may be no transfer of sci-
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ence teachers’ conceptions of science into classroom practice […] if the 

teachers lack schemes of practical action that are coherent with their beliefs.” 

(p. 200) 

An approach to science teacher education evaluated by Kelly (2000) showed 

positive effects for the development of both ‚content knowledge’, pedagogical 

knowledge’, and ‚pedagogical content knowledge’. During the science meth-

ods course, students experienced a wide choice of learning tasks. „A variety 

of approaches, including modelling for the preservice teachers’ constructivist 

teaching strategies, involving them in exploratory and reflective collaborative 

activities; requiring them to seek resources and develop their own teaching 

material; and having them explore and teach science in the context of formal 

and informal learning environments, were employed to enable preservice 

teachers to learn science content while learning teaching methods.” (p. 770) 

Central component to the course was the repeated change of the point of 

view, as students took the position of learners of science, reflected on their 

experiences, and then switched to the teacher’s position, which in turn was 

reflected afterwards. This resulted in cognitive, conceptual and affective 

gains: The students improved their subject matter knowledge, altered their 

view of the nature of science, and felt more self-secure about teaching sci-

ence to children. 

In their review of research, Anderson and Mitchener (1994) support the im-

portance of reflection. The elements for successful teacher education re-

ported there include incorporating a view of the teacher as a researcher, 

which means observing and teaching, and collecting data like field notes, 

videotapes, or interviews (Tobin, 1989). In addition, the use of reflective logs, 

self-reports, case studies, profiles of effective teaching, and peer reports 

proved of value for developing a reflective self as a teacher. 

In reviewing the research on improving European primary science teachers’ 

subject matter knowledge, De Jong et al. (1998) conclude that potential lies 

in preparation courses which make extensive use of conceptual change 

strategies. Appleton (2003) reports some success of pre-service units in 

pedagogical contexts with strong foci on students’ misconceptions and con-

structivist views of learning, and Gunstone and working group at Monash 
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University (Australia) reported positive effects of professional and personal 

reflection in a constructivist based teacher education program (Gunstone et 

al., 1989). A constructivist perspective in educating teachers was cited as 

important for fostering intellectual development of both a cognitive and affec-

tive nature. Personal reflection was cited as another important component, 

which helped improve personal practice as well. 

Another positive result of efforts to improve preservice science teachers’ de-

ficient subject matter knowledge is reported by Webb (1992). He found it 

valuable to make explicit the teachers’ preconceptions on a physics topic, 

then engage them in learning tasks in inquiry or constructivist-oriented learn-

ing environments, and finally make aware their now current conceptions. He 

concludes that 

Therefore, if teachers are expected to teach towards concep-
tual change in their pupils, it seems probable that a profitable 
way of teaching towards this goal at tertiary institutions is to 
lead prospective and in-service teachers through the same 
process, at the same time making explicit the reasons for do-
ing so. (p. 428) 

 

Summers and Kruger (1994) report an attempt to improve practicing primary 

science teachers’ subject matter knowledge by means of a constructivist-

oriented professional development course in the UK. They registered a sub-

stantial shift towards more scientifically appropriate conceptions. However, 

they also remark that they observed slipbacks to previous misconceptions, 

the coexistence of differing conceptions and teachers who were unsure of 

their new knowledge. 

Parallel to these positive reports, which have delivered many indicators for 

the design of science teacher preparations programs, sceptic voices make 

themselves heard. Gustafson and Rowell (1995) for example report an at-

tempt to change teachers initial ideas about learning, teaching and the nature 

of science by means of a 13-week science education course. During this 

course, students were involved in discussions of the constructivist view of 

learning, group work, class discussion, and sharing ideas. The authors find 

that „in summary, the preservice teachers’ final ideas about learning, teach-
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ing science and the nature of science were not remarkably different from their 

initial ideas“ (p. 598). 

Scepticism also concerns the gap between beliefs and actions. Lee, Hart, 

Cuevas, and Enders (2004) studied primary science teachers’ initial beliefs 

concerning inquiry-based science teaching, and the changes that they ex-

perienced due to their intervention. This intervention consisted of curriculum-

materials (lesson-plans, activities etc., based on the National Science Educa-

tion Standards) and four one-day workshops during one school year. The 

teachers themselves reported to have experienced growth in subject matter 

knowledge, stronger confidence in their ability to teach science, and a 

change of their teaching practice towards the incorporation of more inquiry-

oriented elements and hands-on activities. The authors on the other hand 

state that, contrary to the teachers’ reports, objectively no change could be 

observed in the teachers’ classroom practice. This effect is also mentioned 

by Fischler (1993), who speaks of it as the gap between intentions and prac-

tice. 

This research has given valuable information about factors to which teacher 

educators should pay attention. The following pages will now present an at-

tempt at a model of all known factors concerning the necessary content of 

preparation programs, the mode of teaching, and the philosophy that should 

bind the components together in order to prepare teachers for a constructivist 

approach to their work. For doing so, they must take an influence on teach-

ers’ subject matter knowledge, their pedagogical content knowledge, their 

conception of learning and teaching, their attitudes and emotions towards 

science and science teaching, and their classroom practice  

 

Specification – what needs to be done 

It must be kept in mind that “teaching is an enormously complex activity and 

initial training provides a foundation, not a finished product.” (Asoko, 2000, p. 

91). Yet, what are these foundations? 

At the core of teacher education programs, which aim at preparing teachers 

for teaching in a constructivist manner, should be the effort to influence “the 

premises on which a teacher bases practical reasoning about teaching in 
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specific situations” (Fenstermacher, 1978). The call is for teacher education – 

not teacher training or for implementing isolated sets of skills and strategies 

(Yore, 2001). From mimicry and mechanical use of teaching strategies, 

teacher education must move on to touching core beliefs of teachers:  

The most fundamental change for a teacher is that she think 
deeply about her epistemological beliefs about how knowl-
edge is constructed and the implications this has for all as-
pects of her instruction. By itself, this is most likely to require 
a conceptual change for the teacher, the kind of change she 
is likely to ask of her students. (Beeth et al., 1996, p. 15) 

 

Other voices agree with this seemingly romantic or idealistic point of view as 

they realize that no change in teachers’ practice can be achieved if it is not 

securely grounded in their conceptions about how scientific knowledge is 

constructed, their view of science (Gil-Pérez et al., 2002). Those are seen as 

the baseline from which teachers proceed, which determines the view of the 

learner, the way a teacher designs instruction etc. – it predetermines those 

decisions (Beeth et al., 1996). 

Also, researchers stress the importance of taking a positive influence on pro-

spective science teachers’ attitudes towards and motivation for science, 

“since without positive attitudes and a belief in themselves as science learn-

ers and science teachers, students are unlikely to develop enthusiasm, inter-

est and understanding in children” (Asoko, 2000, p. 80; see also Watters & 

Ginns, 2000). 

So obviously, teacher education must make an effort to elicit its’ candidates 

existing views about science and science learning and teaching and make 

them subject to reflection and scrutiny – a biography-oriented teacher educa-

tion (Möller & Tenberge, 2000). Instead of ignoring the previous conceptions, 

content knowledge, or attitudes that prospective teachers bring to the pro-

grams and merely assuming that they will be overwritten, teacher educators 

must aim at creating interactions between old and new knowledge 

(Tabachnik & Zeichner, 1999). As Northfield (1998) puts it, 

In the end, it’s the extent to which science teacher educa-
tion connects with teacher experience and has an impact 
on the social, personal and professional aspects of a 



  62 

teacher’s life and attitudes that will make the difference in 
the quality of any program. (p. 706) 

 

Such change shall enable prospective teachers to resist the pressure of rou-

tine and reality by convincing them of the useableness of the newly learned 

theory of teaching, so they will not recur to familiar traditional methods in or-

der to cope with bigger classes, time resources and so on (Wideen, Mayer-

Smith, & Moon, 1998). 

Then, the epistemological basis of constructivist teaching, the view of learn-

ing and its prerequisites that lie at the roots of this approach to teaching must 

be made explicit to avoid the danger that teachers simply behaviourally adopt 

sets of practice that were derived from this stance (Beeth et al., 1996). 

Davis (2003) describes several stages that need to be considered. He also 

sees the effort to enable teachers to reflect upon and make explicit their per-

sonal practical knowledge, including beliefs, attitudes, and concerns as the 

starting point. Teacher educators should then provide their students with ex-

perience and training in reform based strategies. However, how should this 

experience and training look?  

Obviously, teacher learning may need to undergo similar changes of concep-

tions as their future pupils may experience. As, in this case, different layers of 

deep beliefs and conceptions are concerned, such change is very complex 

and time-consuming (Duit, 1995). Consequently, it is recommended, that in 

order to enable teachers to teach in constructivist ways, teacher educators 

should also make use of constructivist methodology in their programs, begin-

ning with the prospective teachers’ current knowledge, beliefs and skills 

(Widodo, 2004). Just like children’s learning, teacher learning should be 

framed in the constructivist learning theory (Borko & Putnam, 1996; Davis, 

2003; Carter, 1990). As was done before by Gao et al. (1989), also Feldman 

(2000) points out that a teacher must become dissatisfied with his or her the-

ory. A new theory for practice must appear reasonable for it to be accepted 

and put to use by the teacher. It should be understandable, sensible, and 

prove fruitful in particular situations and it must be in tune with the teacher’s 

goals. This is of special importance if teacher educators want prospective 
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teachers to adopt this new way of teaching instead of only adopting its termi-

nology. 

Mellado (1998) coined the phrase that “teachers (and student teachers) learn 

more from how they are taught than from what they are told to do” (p. 48f). 

Davis (2003) agrees that “it is important that teachers learn content, as well 

as pedagogy, through engagement in learning activity that ‘mirrors’ the kind 

of experiences that reformers hope teachers would provide their students” (p. 

6). Worth (2004) also admits that teaching science to children in a construc-

tivist way can only be done by teachers who have an understanding of the 

processes of science based in their own experience of such inquiry as a way 

of approaching the natural world, and that therefore they must be given op-

portunity to indulge in such inquiry as well. During this process, students 

need instructional support to examine, critique, and weave new ideas into 

their existing constructs. 

This is the issue of the congruence of the what and how of teacher educa-

tion, which Yore (2001) pointedly summarizes:  

It is essential that the on-campus components of a teacher 
education program present an internally consistent rationale 
for and expectations of inquiry science teaching. Lecturing 
about the nature of science and constructivist science teach-
ing lacks internal consistency. Likewise, embedding inquiry-
oriented science education in a context of traditional chalk-n-
talk academic science courses with verification laboratories 
has little impact on pre-service teachers’ views of science as 
inquiry and a tentative, speculative process of knowledge 
claims augmented with evidence and canonical science 
ideas. (p. 5f) 

 

The considerations above concern subject matter knowledge as well as 

pedagogical content knowledge and conceptions of learning and teaching or 

beliefs, respectively. Researchers internationally admit that subject matter 

knowledge and pedagogical content knowledge are closely interrelated and 

should be learned in context (e.g. Davis, 2003; Anderson & Mitchener, 1994; 

Asoko, 2000). Without doubt, subject matter knowledge is a necessary basis 

for teachers to learn strategies and methods for responding to students’ 

thinking in ways that facilitate their learning. Instead of accumulating a certain 

number of credit points in a particular discipline as sign of subject mastery, 
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students should rather learn science content as well as pedagogy in situated 

contexts. This shall enable a much deeper understanding of the discipline 

and its practices (Davis, 2003, van Zee, 1998). 

Why is this so? It is because teachers do not need their improved subject 

matter knowledge in order to convey information in a transmissive or didactic 

way to pupils. “Rather it is so that they can ask questions that lead children to 

reveal and reflect on their ideas, so that they can avoid ‘blind alleys’, so that 

they can provide relevant sources of information and other resources, so that 

they can identify progress and the next steps that will take it further. These 

things cannot be done if teachers don't understand the ideas they are aiming 

for.” (Harlen, 1997, p. 335) The demand is to deal with science content in a 

pedagogical context, which includes a focus on students’ perceptions and 

how to deal with them while teaching (Appleton, 2003). In the same vein, 

Möller (2004b) argues that knowledge of science content should be embed-

ded in knowledge about teaching science content. She sees high potential for 

arousing prospective science teachers’ interest in physics as well as for im-

proving their self-perceived ability as learners – and consequently teachers – 

of science. Appleton (2003) agrees that merely increasing the amount of sci-

ence content will not be helpful, as it is for prospective teachers only useful in 

pedagogical context. He proceeds to remark that, for this reason, science 

specialist faculty staff, which is not experienced in school teaching context, 

might find it hard to make their science content relevant for teachers. Asoko 

(2000) gives a very helpful summary in saying that “teachers need to under-

stand science in ways appropriate to teaching. At primary level it is likely that 

this means a broad, interconnected, qualitative understanding of important 

scientific ideas, closely linked to everyday events and phenomena, and em-

bedded within and exemplified through practice” (p. 91). 

Courses on science content should be heavily based on investigations, allow 

direct contact with phenomena, engage students in gathering and interpreting 

data using appropriate technology and methods, and involve them in groups 

working on real, open-ended problems. This aims at allowing teachers to de-

velop a deep understanding of accepted scientific ideas and of the manner in 

which they were formulated (National Committee on Science Education 
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Standards and Assessment, 1996; Appleton, 2003; Möller, 2004b). In this 

vein, Gil-Pérez et al. (2002) ask: 

What is the sense, for example, of talking about ‘learning as 
an oriented research’ if teachers have no research experi-
ence (Dumas et al. 1998)? This sends us back to the prob-
lem of teachers’ education and the need to involve them in 
the (re)construction of a science education body of knowl-
edge (Pessoa de Carvalho & Gil-Pérez 1998). It is in this 
sense of implicating pupils and teachers in the construction 
of knowledge – overcoming the ineffective transmis-
sion/reception of this knowledge – that we, and many others, 
speak of constructivism in science education. (p. 568) 

 

Another issue concerns the relationship of theory and practical studies in 

teacher education. It is obvious that practical experience in itself must not 

necessarily be of value. Yet it appears promising to relate both in a way in 

which practical work serves to apply and evaluate theory (Möller, 1996). The 

National Science Education Standards propose “whenever possible, the pro-

fessional development of teachers should occur in the contexts where the 

teachers’ understandings and abilities will be used. Although learning science 

might take place in a science laboratory, learning to teach science needs to 

take place through interactions with practitioners in places where students 

are learning science, such as in classrooms and schools”. (National Commit-

tee on Science Education Standards and Assessment, 1996, p. 58) Encour-

aging teachers to develop teaching units, teach those units themselves, and 

reflect upon the implementation are first steps in developing their own ex-

perience-based pedagogical content knowledge (Appleton, 2003; National 

Committee on Science Education Standards and Assessment, 1996; Davis, 

2003). 

Such use of practical experience in science teacher education can also bene-

fit the development of teachers as reflective practitioners. As discussed be-

fore, research has shown that a repeated change of perspective can help to 

deepen prospective teachers’ understanding of constructivist learning and 

teaching, as they in turn take the positions of learner and instructor and re-

flect upon their experiences (see Kelly, 2000). Practical experience can also 

be used for providing a model of good practice, from which the prospective 

teachers can learn (Davis, 2003). Trumball (1991) stresses the need to pro-
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vide prospective science teachers with a model for constructivist learning 

situations and help them develop practical knowledge – this aims at providing 

translation aids of this conception into practice. “Simply put, pre-service pro-

grams and professional development activities for practicing teachers must 

model good science teaching” (National Committee on Science Education 

Standards and Assessment, 1996, p. 56). Appleton (2003) speaks of provid-

ing beginning teachers with a repertoire of ‘units that work’, which can serve 

as a bridge into their own classroom practice and contribute to the further 

development of their pedagogical content knowledge. Yet, it has to be kept in 

mind that such models should not become mere recipes for teaching, to be 

applied mechanically. “Positive experiences, which may result from students 

being given prescriptive teaching models, may raise confidence, but it is 

through recognizing and confronting the difficulties and dilemmas of practice 

that the development of autonomy and self-reliance will best be stimulated.” 

(Asoko, 2000, p. 81) 

One final demand is that prospective teachers should see what is happening 

in classrooms not only as their future profession concerned with teaching, but 

also as objects of research (Altrichter & Mayr, 2004). Research on teaching 

should enrich the process of learning to teach, as Weinert and Helmke 

(1996) claim that teachers need a quasi-experimental attitude toward their 

own practice. Involving students in research projects as part of their studies 

is considered to contribute to a habitus of looking at learning and teaching 

and one’s own teaching approach from a research point of view (Altrichter & 

Mayr, 2004; Terhart, 2000; Keuffer & Oelkers, 2001). Altrichter and Mayr 

(2004) argue that taking the constructivist approach to educating prospective 

teachers seriously must consequently lead to incorporating elements of stu-

dents’ research, as it means situated learning on authentic issues, in multiple 

contexts, and in social discourse. Windschitl (2003) agrees, as he found real-

istic research experience to be of high influence on preservice teachers’ use 

of inquiry strategies. Such research need not be high-stakes, and it serves 

the individual’s knowledge gain more than to enrich the discourse of the 

greater scientific community. Nonetheless, demands or standards of educa-

tional research need to be obeyed, from the development of hypotheses to 

the disputation of results. Aspects of such research during teacher prepara-
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tion can take different forms on different stages of complexity: the reception 

of relevant research results, basic competencies concerning methods of re-

search, case analysis, participation in real research under supervision, and 

finally own research aimed at the scientific community. Logically, this poses 

the demand on teacher educators to get also involved in research in their 

field of expertise (Altrichter & Mayr, 2004). 

 

 

Summary of chapter 4 

Research has resulted in the identification of problems of and informed 

recommendations for science teacher preparation programs that aim at 

preparing teachers for constructivist teaching. Problems lie in the situa-

tion of the teachers when they begin their studies (e.g. confidence in 

their own abilities, deficient subject matter knowledge, existing concep-

tions of learning and teaching science) and in the current structure of 

teacher preparation. New programs should strive to influence the basic 

beliefs, attitudes and conceptions of learning and teaching that the stu-

dents already hold. Educators should therefore begin with eliciting 

those preconceptions and tie up to them in a process of gradual 

change. For doing so, they are advised to apply constructivist ap-

proaches to teacher education to achieve a congruence of the content 

and the mode. Subject matter knowledge and pedagogical (content) 

knowledge should be seen as closely interrelated and taught in coher-

ence. Theoretical and practical components should serve to apply, test 

and reflect on theory and its use, as well as to model good constructiv-

ist teaching. These models shall serve as translation aids for the theo-

retical assumptions into practice. In addition, students should experi-

ence repeated changes of points of view, experiencing themselves as 

learners and as instructors in constructivist learning environment. Last 

but not least, the call is out for a more research-based teacher educa-

tion, which demands teacher educators as well as their students to de-

velop a more experimental stance towards their field of practice, getting 

involved in (up to high-stakes) research. 
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5 A specific pre-service teacher education program for pri-

mary science teaching and learning 

 

“… how to teach teachers to teach in a constructivist manner.” 

Anderson & Mitchener, 1994, p. 37 

 

 

Chapter 5 presents the characteristics of a specific primary teacher education 

program for learning and teaching science, developed at the Institute for Pri-

mary Science Learning and Teaching at the University of Münster, which was 

evaluated in this study. Based on the above-described demands that scien-

tific teaching/learning processes should be designed from a constructivist 

perspective, an attempt was made to implement those views in pre-service 

teacher education in primary science. For the purpose of implementation, a 

(optional) teacher education program of 8 hours per week for primary science 

teaching was developed, which consists of two sub-modules: 

• the Research on Learning Module (RLM) and 

• the Subject Matter Oriented Module (SMM).  

 

Table 1. Components of the specific teacher education program 

 

Sub-module 1: Research on Learning Module (RLM) 

study constructivist views of learning and teaching, 
basics of developmental psychology, and instructional approaches, 

apply knowledge in practice; 

investigate pupils’ individual learning processes 
from a constructivist perspective 

+ 

 

Sub-module 2: Subject Matter Oriented Module (SMM) 

build subject matter knowledge by starting from 
students’ own preconceptions about real life phenomena 

and enabling learning by understanding 
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The development of the modules was preceded by an assessment of begin-

ning primary science students’ capacities and attitudes. Influenced by their 

own learning biographies, the (mainly female) students hold a rather tradi-

tional transmissive or didactic view of learning and report negative learning 

experiences during their school career. Therefore a multifaceted conceptual 

change seems necessary: from a receptive to an active view of the role of the 

learner, from a transmissive to a constructive view of the role of the teacher, 

from lack of interest and even hostility towards physical sciences to a basic 

attitude of interest, from a feeling of incompetence to experiences of under-

standing science, with respect to the students themselves as well as with 

regard to pupils. 

The modules were then developed following suggestions to apply conceptual 

change models to teacher education (De Jong et al., 1998). A change of the 

aforementioned students’ views does not seem likely under the conditions of 

cold conceptual change approaches, as issues of deeply rooted (lack of) in-

terest, attitudes, beliefs and experiences are concerned. Hot conceptual 

change models seem more appropriate, as they consider social and emo-

tional aspects of the learning process. Also the approach of Gunstone and 

Northfield (1986) was included which states that students need to experience 

the feasibility of a concept if they are to fundamentally change their concep-

tion of learning and teaching. 

During the modules, the students were given the opportunity to learn in a way 

that is similar to the way in which they are expected to teach afterwards 

(‘pedagogical double-decker’, Wahl, 2002), experiencing the feasibility of this 

approach by planning learning environments, implementing them in primary 

classrooms, and reflecting upon their teaching experiences together (the 

sandwich-principle). 

Another key feature is the fact that the students act as researchers in their 

prospective field of practice. This intensive involvement in research on learn-

ing and teaching is considered to help develop skills that are necessary for 

sustaining an ongoing and lifelong learning process. It is also considered to 

facilitate a change of perspective from direct instructive teaching towards a 

focus on the individual’s learning process (Möller & Tenberge, 2000). 
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In our context, knowledge construction is seen in the sense of Reinmann-

Rothmeier and Mandl (1998) as an active, constructive, self-directed, coop-

erative, and situated process. This approach merges the key ideas of cogni-

tive constructivism and conceptual change theories with the theories of situ-

ated cognition and socio-cultural constructivism. Thus, the Research on 

Learning Module is based on constructivist-oriented theories of learning and 

teaching as well as on conceptual-change theories and theories of situated 

cognition. It aims at building pedagogical content knowledge, especially at 

fostering the development of a constructivist conception of science learning 

and teaching. It consists of three components. 

 

I. 

First, the students acquire knowledge of the described constructivist views of 

learning and teaching, basics of developmental psychology, and instructional 

approaches. The theoretical knowledge base, which is necessary for design-

ing instruction, is established and immediately practically applied to scientific 

learning situations and scrutinised. This also includes aspects of the histori-

cal development of primary science, both in terms of it as a school subject in 

the German curriculum and its relation to the poles of child-oriented and con-

tent-oriented. 

While doing so, students are likely to be confronted with their own notions 

(preconceptions, which stem from their own biographies as learners in school 

and university) of teaching and learning processes as well as with the ‘new’, 

constructivist view. Theory and practice are interlocked by critical reflection. 

In this vein, the prospective teachers act as researchers, investigating their 

own or an expert’s instructional practice, respectively (Altrichter & Feindt, 

2004). An example may illustrate the remarks above. 

During the seminar, students listen to lectures (given by the tutor or by fellow 

students), read and discuss literature on the subject, and watch and discuss 

videos of teaching situations. This leads to planning small investigations of 

issues they encountered during this phase which are conducted by the stu-

dents themselves, possibly in small groups. Examples for such investigations 

are interviews with young children to find out their preconceptions concerning 
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science topics (the water cycle, floating and sinking, sound etc.), or small 

teaching sequences to try certain teaching techniques (leading discussions, 

experimenting etc.). The results are presented in the seminar and critically 

discussed with the fellow students in the light of theory.  

 

II. 

Then the pre-service teachers participate in research projects on teach-

ing/learning processes in primary science to deepen their new knowledge. 

Those research projects aim at investigating the aspect of learning by under-

standing in pupils’ individual learning pathways within a constructivist learn-

ing environment. 

Together with the tutor they establish an up-to-date knowledge base con-

cerning research on children’s’ (pre)conceptions and learning difficulties. By 

means of interviews that they design, the students later assess the pupils’ 

preconceptions on a chosen topic. 

Then they plan units of instruction. During the units, they observe and again 

interview ‘their’ pupils in order to monitor stages of their learning pathways 

and potential learning difficulties. The students act as participant observers; 

the lessons themselves are held by an experienced teacher or the tutor of the 

seminar. The advantage of this is that the students are free to observe the 

lessons, not from the teacher’s but from the pupils’ perspective, and so they 

can focus on the pupils’ learning processes. 

The students assess the outcome of the instruction by means of conducting 

post-interviews up to 10 weeks after the instruction and comparing pre- and 

post-conceptions. However, not only questions of pupils’ achievement in 

terms of conceptual development are assessed. The teaching sequence is 

also evaluated in terms of motivational and affective goals, the role of the 

teacher, and learner attentiveness. 

The students analyse the data gathered for their final graduation papers, pur-

suing issues of pupils’ cognitive achievement or non-cognitive aspects like 

interest, motivation etc. Some instruments, which have been collaboratively 
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developed by the students during those action research seminars7, are for 

example questionnaires of motivational and affective variables, pre- and 

post-interviews to monitor conceptual change, a modified version of the 

Münchner Aufmerksamkeitsinventar (MAI), and means for video-analysis of 

the teaching practice. The following examples of students’ graduation papers 

may illustrate the level of research conducted in these action research semi-

nars: 

• Does cognitively activating teacher practice motivate young learners? 
A video-analysis of primary science instruction  

• Do social-economic background factors have an influence on learner 
achievement in primary science learning? An investigation in subse-
quence to the German IGLU-study 

• Discovery learning in primary science – do girls and boys differ in their 
achievement? 

• Conceptual-change oriented science teaching: Are low-achieving 
learners overtaxed by this type of instruction? 

• Reasoning and argumentation in science instruction – an empirical 
analysis of group discussions 

 

During these research projects, the students have the opportunity to experi-

ence the fruitfulness and feasibility of constructivist-oriented teach-

ing/learning situations for pupils’ individual learning processes firsthand. Writ-

ten reflections on this Research on Learning Module, which the students 

hand in afterwards, hint to profound and far-reaching changes of their con-

ceptions of learning and teaching science. In addition, the students are intro-

duced into the discipline or research in science education and equipped with 

basic abilities for conducting such research (Möller, 2004a; Möller, 1996). 

 

The emphasis of the second sub-module, the Subject Matter Oriented Mod-

ule, lies on the acquisition of subject matter knowledge. Instead of beginning 

with the systematic and taxonomy of the subject, this subject matter knowl-

edge is made accessible beginning with natural phenomena and the stu-

dents’ own preconceptions about how they can be explained (e.g. starting 

                                            
7 ‘Action research’ sensu Tabachnik & Zeichner, 1999 
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with the question, why a ball bounces or why a big iron ship floats while a 

small needle will sink). The students are then supported in their efforts to ac-

quire the knowledge that is necessary to answer these questions. Those ef-

forts aim at understanding the phenomenon in question and usually include 

active experimentation with different kinds of material on the students’ part. 

Working in this fashion, the students have the opportunity to realise that the 

newly acquired knowledge is fruitful, i.e. applicable for making to oneself ac-

cessible the mechanisms of everyday life phenomena. In addition, they re-

flect upon their own learning processes during the sub-module, on that occa-

sion often experiencing a confrontation between the new and precedent 

learning experiences. 

Again, application and reflection of this new knowledge are central in the 

seminars. During so called experimental workshops (Experimentierwerkstät-

ten) for example, the students get familiar with experiments suitable (and un-

fit) for primary science teaching, and they get to develop new experiments on 

a given topic. Such topics may be e.g. magnetism, sound, chemistry in the 

kitchen, or gears and transmissions. This fosters interest and curiosity to-

wards science topics found in everyday life and helps reduce fears and stop-

pages among the students. While testing and developing experiments for 

primary school children, the students work out new areas of science content 

and develop a critical mindset about possibilities and limitations of the meth-

ods of experimentation in primary science teaching. 

Following their lab work (this lab might at times be a kitchen), the students 

get to put their experiments to the test in real teaching situations. Thanks to 

many cooperating teachers, groups of children or whole classes come to visit 

the university and experiment with the students. Working with the children 

enables the students to get an insight into how children think and learn, and 

what their methodical skills are. Theoretical considerations are supplemented 

with concrete schemes for enacting them, and practical experience can later 

on be related back to expectations and theoretical considerations from before 

the lesson. The students themselves perceive the two modules described 

here as very intensive, time-consuming and laborious – yet on the other hand 

they remark that they are very enriching (Möller & Tenberge, 2000; personal 

communications with students). 
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Summary of chapter 5 

A specific teacher preparation program for learning and teaching pri-

mary science was developed which incorporated the following ele-

ments: 

- Set in a constructivist framework: teacher learning as conceptual 
change in situated contexts, aided by instructional support 

- consistency of the what to learn and how to learn (pedagogical dou-
ble-decker) 

- confrontation with personal views, conceptions, or learning biogra-
phies 

- planning, implementation and reflection (sandwich-principle) 

- students as researchers in their prospective field of practice 

- research as testing theory in practice: planning, recording, and 
evaluating teaching sequences for exam papers 
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6 Research questions and hypotheses 

The following paragraphs give the main research interests and the respective 

hypotheses grouped into four areas of focus. The first area (see A) and its 

research question is rather one of description; the next three research ques-

tions (see B and C) will be pursued by means of tests for group differences 

based on off-line8 coding of observational data.  

 

A) Organisational structure of the lessons 

One interest lies in the description of how teachers orchestrate or organise 

their instruction. Earlier studies discovered culturally shared typical models 

for orchestrating instruction on certain types of topics, e.g. the TIMS Video 

Study (K. J. Roth et al., 2006). The first set of categories will help to shed 

light on how instruction is orchestrated in primary science classrooms and 

whether one can speak of such a shared model as well. Chapter 9 will deliver 

a description of the respective variables. During the RLM, the undergraduate 

teachers had a chance to experience that plain hands-on instruction alone 

does not necessarily lead to knowledge gain for the pupils, but that it is nec-

essary to complement hands-on activities with a minds-on component. This 

means - among further aspects – talking and thinking about the activities that 

will be or already have been conducted. For the proportion of time spent on 

instructional whole group talks on the topic, we thus expect that teachers in 

this experimental group (EG) assign more of the available lesson time to 

such activities than teachers in the control group (CG).  

 

Table 2. Hypothesis concerning the organisational structure 

Aspect Hypothesis Mode 
Distribution of phases of instruction  descriptive 

Amount of hands-on time  descriptive 
Time spent on instructional whole-group 
talk 

EG > CG Statistical group 
comparison 

                                            
8 On-line: the coder or rater is present during the situation that has to be assessed and does 
the coding on site. Off-line: observational data is recorded (e.g. audio-visually) and coded or 
rated afterwards by the coder or rater through use of video-/tape-recorder, computer etc. 
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B) Teachers’ actions 

The central research question that arises is whether we can find a connection 

between the afore-described teacher education program and teacher’s in-

structional practice. In other words: (1) Can it be established that teachers 

who enrolled in this program (experimental group, EG) show a higher degree 

of actions which are in accordance with a constructivist approach to teaching 

science than teachers who enrolled in the regular curriculum (control group, 

CG)? (2) Do teachers who enrolled in this specific program show less activity 

that stands for a transmissive or didactic teaching approach?  

During the subject matter oriented module (SMM, sub-module 2), the stu-

dents acquire knowledge of scientific phenomena in a problem-oriented and 

active way within a learning environment which is similar to those they shall 

later on create for their own pupils. They experience their ability to approach 

scientifically valid conceptions about phenomena by making use of what they 

already know, that is of their own preconceptions and by going through a 

process of checking assumptions against results of experiments. In addition, 

during the Research on Learning Module (RLM, sub-module 1) the students 

investigate individual pupils’ learning processes from the perspective of con-

structivist-oriented theories of knowledge acquisition, design learning envi-

ronments that promote such learning processes, and evaluate them in terms 

of e.g. effects on learner achievement, motivation, and interest. Thus the ex-

perimental group should show more frequently actions which aim at the pro-

motion of pupils’ conceptual development (that is the active development, 

elaboration, and restructuring of concepts). 

In the course of the RLM the students experience that learning cannot be 

achieved by simply transmitting information directly, i.e. by explaining mat-

ters, but that it is necessary that the learners themselves actively construct 

and reconstruct their own mental representations. Besides, the analysis of 

individual learning pathways shows that conceptual development processes 

are likely to proceed in different ways and through different intermediate 

stages for different children. Thus the EG is expected to show less frequent 

actions that aim at the direct transmission of ready-made knowledge than the 

CG. 
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Table 3. Hypotheses concerning the teachers’ actions 

Aspect Hypothesis Mode 
Amount of teachers’ actions based 
on a constructivist view of learning/ 
teaching 

EG > CG 

Amount of teachers’ actions based 
on a transmissive/ didactic view of 
learning/ teaching 

CG > EG 

 
 

Statistical group 
comparison 

 

 

C) Pupils’ actions 

An additional research interest concerns the pupils of teachers who either did 

or did not enrol this specific program: Is there a connection between the edu-

cation program and the degree to which pupils of the respective teachers 

show actions that hint to actual active construction of knowledge in a 

constructivist sense? 

It is assumed that the pupils of teachers in the EG, if they are more frequently 

stimulated by their teachers to engage in active cognitive construction proc-

esses, will more frequently show actions that indicate conceptual develop-

ment processes (that is the active development, elaboration, and restructur-

ing of concepts). 

 

Table 4. Hypothesis concerning the pupils’ actions 

Aspect Hypothesis Mode 
Amount of pupils’ actions that 
indicate conceptual develop-
ment processes 

EG > CG Statistical group 
comparison 
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7 Method 

This study used observational data which was recorded on video, digitalised 

and coded off-line by trained coders using the computer software Video-

graph® (Rimmele, 2003). 

Video analyses are not a new method of classroom research, but with only 

few exceptions they were mainly used for purposes of teacher education and 

did not meet the methodological standards of empirical research (Wild, 

2003). During the last years there has been an increase in the number of re-

search enterprises which use observational data (Stigler et al., 2000; 

Prenzel, Duit, Euler, Lehrke, & Seidel, 2001; Labudde, 2002; Reusser et al., 

1998; Clausen, Reusser, & Klieme, 2003). Recent technical development in 

computer-based video-analyses has opened a wide range of possibilities. 

However, researchers are confronted with a multitude of technical and practi-

cal decisions about methods and research tools before, during, and after the 

videotaping process. The danger of simplifying matters so much that the un-

derstanding gained is limited arises where issues of validity, reliability, and 

generalisability guide decisions about how and what to study. In this context, 

valid tools need to be developed in order to explore video-data, research 

tools that meet the standards of empirical social research. It is in this vein 

and interest that the following chapters 7 and 8 give a detailed report of the 

respective decisions and above all of the development of the codes. 

 

 

7.1 Design 

The design is a classical group comparison with two groups. A first group of 

teachers and trainee teachers who enrolled in a specific teacher education 

program (see chapter 5) is compared with a second group of teachers and 

trainee teachers who did not participate in any of the modules of the specific 

program. 
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Table 5. Design of the study 

During pre-service education: teachers/ Trainee 
teachers 

Experimental Group (EG): 

Enrolled in specific teacher education program 
at the University of Münster 

N=14 

Control Group (CG): 

Did not enrol in specific teacher education program 
at the University of Münster 

N=14 

 

 

7.2 Sample 

The population for the investigation consisted of primary science teachers 

who had studied at universities in North Rhine-Westphalia. The graduates of 

the abovementioned program were to form the EG and could be easily con-

tacted; recruiting started in January 2003. Originally, only the classes of 

1996-1999 were contacted, because those graduates would have already 

passed their Internship. 

A problem that turned out to be greater than foreseen is connected with the 

teacher recruitment policy of the country North Rhine-Westphalia; for the last 

years there have been only few overall openings in primary school, forcing 

many of the new teachers to work in different fields or leave the country in 

order to get a job as a teacher. This decreased the number of potential par-

ticipants for the study. In addition, many of the schools who are given per-

mission by the ministry to allocate positions directly seem to regard science 

as a subject that may also satisfyingly be taught by teachers who do not have 

a degree in primary science teaching. Therefore, whenever possible, vacan-

cies are filled with teachers who have a degree in teaching music, religion, or 

arts, thus covering science with non-specialist teachers. Due to this fact, only 

a fraction of the teachers who graduate in science actually find an appoint-

ment, and many graduates of the classes of 1996-1999 were willing but not 

able to participate in the study: Of 30 graduates 10 worked on short-term ap-

pointments, three were working in special schools or secondary school, and 

one had no appointment. Thus, the criterion had to be expanded to include 
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those teachers who had passed their exams by this time and were now going 

through their two years of Internship. In March 2003, the population was 

enlarged to include the classes of 2000 and 2001. The decision to include 

Trainee teachers is to some extent problematic, because the internship con-

stitutes a state of flux for most of them, during which manifold influences 

make themselves felt: Instructors, tutors, and the experience of being bound 

to everyday practice and its responsibilities are, for example, decisive factors 

in the trainee teachers’ development. 

The participants of the CG were drawn to match the characteristics of the 

EG. The overall young age of the participating teachers (see below) is due to 

the fact that the Institute for Learning and Teaching Primary Science was 

established in 1994, only 8 years before the beginning of the study. The first 

students graduated in 1996, and the oldest graduate had been a teacher for 

only 3.5 years when she was contacted. 

From June 2003 on, participants of the control group were recruited by way 

of announcement to all primary schools in the administrative districts of Mün-

ster and Detmold (955 schools). It was a condition that teachers had gradu-

ated from a university in North Rhine-Westphalia with a degree in primary 

science teaching, but had not enrolled in the RLM at the University of Mün-

ster, and who had a maximum work experience of approx. 3.5 years. At the 

same time, all College of education in North Rhine-Westphalia were con-

tacted, asking them to pass the announcement on to their Trainee teachers. 

The return flow was minimal; only 12 interested trainee teachers answered. 

As we had to reject requests to use the videotaped lessons as a demonstra-

tion lesson for a consultation with their supervisors from college9, most of 

them cancelled their offer to participate. In all, only 16 teachers and trainee 

teachers declared themselves willing to participate in the study who met the 

criteria for the control group.  

In all, 30 primary science teachers participated in the video-study, 14 of 

which had enrolled in the RLM at the Institute for Learning and Teaching 

Primary Science. Except for one teacher in the EG who was employed at a 

                                            
9 These consultations serve as assessment of the trainee teacher’s progress and constitute 
part of the basis from which the supervisors derive the grades for the second examination. 
This factor would likely have influenced the participants’ behaviour during the lesson. 
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school in Lower Saxony, all teachers taught at primary schools in North 

Rhine-Westphalia. To ensure that the participants did not differ in the vari-

ables identified as disruptive influences, the control group was formed via a 

multicriterial parallelizing process, referring to the following criteria:  

• gender, 
• age, 
• grades in the subject primary science in their final university exams, 
• interest in physics as a subject, 
• years of service as a primary science teacher (for teachers in service) 

respectively year of Internship (for Trainee teachers), 
• proportion of teachers/ Trainee teachers 
• degree of contact with physical subjects during their Internship, during 

in-service education courses and personal or private studies and de-
gree of sense of support concerning the teaching of physical subjects 
during their Internship and during in-service education courses 
(‘degr.cont’) 

 

 

Tables 6a+b. Results of the matching process – group characteristics 

 Experimental Group (EG)  Control Group (CG) 

distinguishing variable 
enrolled in specific teacher 
education program at the 
University of Münster 

did not enrol in any 
module of the specific 
teacher education 
program at the Uni-
versity of Münster 

N 14 14 

gender all female all female 

age (in years) 

min 24 

mean 26,07 

max 31 

min 24 

mean 27,36 

max 34 

grades in the subject 
primary science in their 
final university exams 

1,37 1,56 

interest in physics as a 
subject 

1,48 2,14 

degr.cont (see list above) 1,42 1,32 

proportion of teachers/ 
Trainee teachers 

3/11 5/9 
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Years of practice as a primary science 
teacher (teachers in service) respec-
tively year of Internship (Trainee 
teachers) 

EG CG 

Teachers in service 

3,5 years 

2,5 years 

1,5 years 

1 year 

0,5 years 

total number of teachers in service 

Ø years of service 

 

1 

1 

0 

1 

0 

3 (21,43%) 

2,3 

 

0 

1 

2 

0 

2 

5 (35,71%) 

1,3 

Trainee teachers 

2. year of Internship 

1. year of Internship10 

total number of Trainee teachers 

Ø year of Internship 

 

6 (42,85%) 

5 (35,71%) 

11 (78,57) 

1,55 

 

8 (57,14%) 

1 (7,14%) 

9 (64,29%) 

1,89 

total number of participants 14  14 

 

The final sample consists of 28 (n1=n2=14) female primary science teachers 

and Trainee teachers. The participants in the experimental group (EG) had 

enrolled in the specific program, whereas the participants in the control group 

(CG) had not enrolled in the specific program. The teachers in this sample 

have a maximal work experience of 3.5 years and are between 24 and 34 

years old.  

The above-mentioned variable Participation in specific teacher education pro-

gram at the University of Münster distinguishes clearly between the EG and 

the CG: The subjects in the EG have completed all modules of the specific 

program, whereas the subjects in the CG have not participated in any of the 

modules. Yet the possibility could not be ruled out that participants of the CG 

possibly enrolled in similar courses at other universities during their studies. 

In the interest of a group size that would enable meaningful analyses, this 

                                            
10 At the point in time when the video-footage was recorded, the trainee teachers in their first 
year of internship had been working in school for 9 to 12 months. 
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this criterion for further contrasting the groups had to be given up. Thus in 

CG 

• 6 subjects have enrolled in a course, during which children’s learning 
processes were investigated, 

• 7 subjects have enrolled in a course, during which natural phenomena 
were interpreted in terms of physics, 

• 12 subjects have enrolled in a course that dealed with learning and 
teaching (e.g. in psychology, pedagogy, or the theory of teaching and 
methodology), and  

• Eight subjects have enrolled in a course on physical science in pri-
mary school that focuses on pedagogical content knowledge.11 

 

Those factors can all be assumed to have a conservative effect concerning 

the above stated hypotheses, because it potentially reduces differences be-

tween the groups in the dependent variables if the subjects in the CG have 

participated in courses with similar contents and aims. 

In all, a good comparability of the two groups could be achieved, as the re-

sults in table 6a+b show. Yet the groups do differ with regard to the teachers’ 

years of practice and the trainee teachers’ year of internship: In the CG there 

are more teachers and less trainee teachers than in the EG. Of those teach-

ers in the CG, the average years of practice are less than in the EG (1,625 

years < 2,3 years). Regarding the trainee teachers, in the CG more of them 

are already in their second year of internship, whereas in the EG more of 

them are still in their first year. The two groups differ also in the subjects av-

erage interest in physics as a subject, which is slightly higher in the CG than 

in the EG (2,14 > 1,48). 

Those factors, too, can all be assumed to have a conservative effect con-

cerning the above stated hypotheses, because again they might cause ad-

vantages of the CG. Studies on beginning teachers during their first three 

years of service uncovered the effect that after an initial phase of teaching in 

a rather learner-oriented way teachers seem to fall back on more teacher 

centred methods of teaching (cf. Simmons et al., 1999). Therefore the slightly 

higher average of years of practice in the EG might result in a disadvantage 

in respect to the hypotheses. Similarly, the higher proportion of trainee 

                                            
11 Those are partly the same persons who have enrolled in several of the mentioned 
courses. 
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teachers in their first year in the EG might reduce expected differences. It is 

possible that at the very beginning of their internship the trainee teachers use 

different and more restrictive measures during their classes. This effect 

stems from the fact that they feel inexperienced and insecure, and that they 

mainly aim at maintaining order and discipline. 

Finally, a higher interest in physics might result in a more committed way of 

teaching physical contents in primary science and thus blur differences be-

tween EG and CG. 

 

 

7.3 Data sources and data collection 

The collection of the video data took place in the first term of the school year 

2003/ 2004, which is between September 2003 and March 2004. Each of the 

28 teachers in the sample taught a double-lesson12 (90 minutes) to be docu-

mented, which amounts to a total of 42 hours of video material. In advance, 

teachers had been given certain guidelines concerning the content and rough 

layout of the lessons to be filmed. To ensure comparability of the lessons13, 

teachers were asked to show a lesson on aspects of the water cycle (vapori-

sation, condensation, clouds, rain, fog etc.), which should be the introductory 

lesson of a longer unit on that subject. The lesson should include phases of 

introduction, working on tasks, and summary or evaluation – of any kind and 

duration that the teachers deemed appropriate. The guidelines did not define 

the sequencing of phases, possible additional phases, their length, order, or 

content. Also, routines (like seatwork, group work etc.) and other instructional 

moves were entirely left for the teachers to decide.  

In advance of the recording of the lesson, teachers were asked to answer a 

questionnaire concerning their professional knowledge, motivational and self-

                                            
12 In German primary schools, lessons last 45 minutes, but as class teachers usually teach 
several subjects in one class and the pupils remain in one classroom for most of the school 
day, it is possible to rearrange the schedule and to expand teaching units beyond those 45 
minute segments. In the following text, those double-lessons will be referred to simply as 
‘lessons’. 
13 The importace of ensuring a relatively high comparability of the video-material while main-
taining a high degree of liberty for the subjects of the study is emphasized  for example by 
Petko, Waldis, Pauli, & Reusser, 2003 
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related variables. This questionnaire was developed by Thilo Kleickmann, a 

colleague PhD student at the Institute for Primary Science Learning and 

Teaching (Kleickmann, Möller, & Jonen, 2005). In addition, written plannings 

for the lessons were collected one week beforehand. After the lesson, teach-

ers were asked to fill in a short questionnaire on how typical the lesson was 

of their usual classroom practice (irregularities, change of plan during the 

lesson, pupils’ behaviour, disturbance by camera, etc.). 

 

Figure 1. Timeline of the investigation 

June 2003                  September 2003      March 2004 

 

 

                                               + 

 

 

To ensure comparability of the video documents themselves, a standardised 

manual, similar to the manuals used in the TIMSS 1995 and 1999 video 

study (Stigler & Fernandez, 1995; Stigler et al., 2000), was used. Based on 

this manual, an 11-hour training was developed for the video-crew, which 

consisted of pre-service primary science teachers. A member of the research 

team constantly monitored their progress and the quality of their work. For 

visual recording, a digital camera was used (Sony DCR PC5E). This camera 

was mounted on a tripod in the 1/3 position that was used in the TIMSS 1995 

and 1999 Video Study, with its back to the window to prevent light-effects 

(see figure 2). As the primary objective of the study was to examine the 

teacher’s and pupils’ activities during teacher-pupil-interaction, it was crucial 

to keep the camera trained on the teacher, and at the same time include as 

much of the situation in the classroom as possible. The camera focused on 

the zone of interaction (see Stigler & Fernandez, 1995), using the wide-

screen shot as often as possible, only zooming in or leaving the teacher to 

show details that are necessary for the understanding of the situation (like 

materials, experiments, writing on the blackboard etc.). For this reason, the 

Teachers’ question-
naire: 

professional knowledge, 
motivational and self-
related variables 

Video: 

introductory unit 
on „the water 
cycle“ (90 min-
utes) 

teachers’ written 
reflections: 

planned and actual 
course of lesson 
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camera often had to be removed from the tripod and operated hand-held in 

order to follow the teachers when they moved among the pupils during indi-

vidual work – a difficult task due to primary teachers’ general high mobility 

and crowded classrooms. An additional stationary classroom camera was not 

used because it would have caused more organisational and technical diffi-

culties than would have been justified by the value of the additional informa-

tion it could have delivered. 

 

As the quality of the sound recording is crucial for the understanding of the 

interaction during the lesson, three microphones were used. A wireless mi-

crophone recorded the teacher’s voice (Sennheiser EK 500 and SK 500), 

and two microphones with cardiodid characteristic (Sennheiser MD 21U) 

were used for stereo-recordings of the pupils’ voice, mounted on stands on 

the left and the right hand side of the classroom. The signals from those 

three microphones were fed into the camera via a mixing console (Behringer 

Eurorack 802A). Five different videographers alternately operated the cam-

era, whereas the person recording the sound was the author herself as a 

member of the research team during all lessons, supervising the videogra-

phers. In situations when the camera was operated hand-held, the recording 

team switched the sound recording exclusively to the teacher’s wireless mi-

crophone, which also recorded the voice of pupils speaking close by. The 

reason for this measure was the sound level, which, in primary classrooms, 

often rises relatively high during individual work, and which deprived us of the 

possibility to continue operating with more than just the teacher’s micro-

phone. 

When recording classroom interaction in field studies, researchers have to 

compromise. Obviously, the awareness of being part of an empirical study 

and the presence of two persons plus video-equipment in the classroom af-

fects both teachers and pupils to some degree. Teachers are likely to show 

not a routine lesson but an example of what they consider as best practice. 

The camera might distract pupils, so that they behave differently during the 

videotaped lesson. This concerns the question of authenticity of the filmed 

situation (see Deschler, 1974). For the study presented here, both factors 
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can be regarded as marginal. During filming the lessons, we discovered that 

only few children react strongly to the presence of strangers and/ or a cam-

era in the classroom. However, there are limits to the extent of intrusion. For 

example, following the teacher with the camera and another portable micro-

phone to record the pupils she or he is talking to would have created an un-

acceptable distraction. As to the influence on the teacher, it does not cause a 

disturbance, as the research interest lies not in assessing routine practice, 

but in analysing what teachers are capable of implementing in their class-

room performance (c.f. Petko et al., 2003).  

Another factor concerns the selectivity of the video and sound recording 

process (see Deschler, 1974), which will consciously or unconsciously influ-

ence the persons who code the data. For example, slightly turning up the 

volume of the teacher’s microphone will emphasize his role in the teaching 

process as a central one and help the coder focus on the teacher’s perform-

ance. At the same time, this measure might lead to an understatement of the 

pupils’ part in the classroom interaction during the coding process. On the 

other hand, selectivity is a crucial part of gathering video-data. Attuning the 

filming procedures to the underlying theories and research questions is nec-

essary for focussed analyses. 

 

Figure 2. Positions of camera and microphones during whole group talks (examples 

taken from appendix B) 
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On the choice of the topic 

The topic the water cycle was chosen for several reasons. First, the topic is 

part of the current curriculum in the country North Rhine-Westphalia. Second, 

it is a topic that can likely be implemented in many different ways by different 

teachers with respect to choice of subtopics, methods, complexity, and thor-

oughness. It may be dealt with in a quick, condensed way, e.g. by showing a 

picture of the water cycle and explaining its elements to the children, as well 

as by doing experiments on evaporation and condensation and discussing 

results among the class. 

A third important reason is the fact that children are known to hold very dif-

ferent alternative conceptions about the processes involved (Osborne & 

Cosgrove, 1983; Bar & Galili, 1994; Tytler, 2000; Tytler & Peterson, 2001, 

2004), which may be considered while planning the units. Finally yet impor-

tantly, it is a topic that had never been worked on during any of the modules 

of the specific university program, so that the participants would not have an 

unfair advantage over the CG. Thus, this content was deemed appropriate 

for the study. 

 



  89 

8 Research instrument 

 

Yet sometimes the development of coding schemes is approached almost 
casually, and so we sometimes hear people ask: Do you have a coding 

scheme I can borrow? This seems to us a little like wearing someone else’s 
underwear. Developing a coding scheme is very much a theoretical act, one 
that should begin in the privacy of one’s own study, and the coding scheme 

itself represents a hypothesis, even if it is rarely treated as such.” 

Bakeman & Gottman, 1986, p. 19 

 

 

Chapter 8 is conceded to the representation of the research instrument that 

was developed for this investigation, stating the theoretical points of refer-

ence from which the codes were developed, guidelines that were followed 

during the code development process, short descriptions of the codes, ex-

amples, technical code characteristics, and coding procedures. It is also con-

cerned with issues of coder training and quality criteria of the instrument and 

the produced data. 

 

8.1 Code development procedures 

For the assessment of teachers’ teaching moves during instruction, an in-

strument was developed that is based on a view of instruction as the creation 

of a so called ‚opportunity structure’ for learning: The teacher orchestrates 

instruction in reference to different types of learning goals, which in turn re-

quire different kinds or sequences of learning processes. The teacher thus 

creates the necessary framework or structure within which those processes 

may occur (Oser & Oelkers, 2001; approach used similarly by Seidel, 2003; 

Reyer, 2004). The analysis of teachers’ and pupils’ actions and thus the de-

velopment process itself utilized an interpretative approach which Erickson 

(1986) describes as focusing on “the immediate and local meanings of ac-

tions, as defined from the actors’ points of view” (p. 119). It is important to 

include the context of the actions, the importance of which for example 

Lemke (1998) and Carlsen (1991) emphasize from a sociolinguistic point of 

view. As intentions are inferred from these actions, this work draws on fea-
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tures and procedures of rhetorical interaction analyses (Lemke, 1998). The 

teacher actions described here can be compared to what Moore (1979) in her 

work labels teaching moves: “(verbal) action taken by the teacher to accom-

plish some educational goal” (p. 182).  

For the development of these codes, qualitative and quantitative methods 

were drawn upon in a cyclical process (c.f. Jacobs, Kawanaka, & Stigler, 

1999; Bos & Tarnai, 1999). The qualitative component of this process follows 

the guidelines of Mayring’s structuring content analysis (Mayring, 1995). Be-

ginning with a deductive approach, theoretical constructs – such as construc-

tivist-oriented teaching – were translated into qualitative indicators, opera-

tionalised on the level of observable behaviour in its context (Bos & Tarnai, 

1989a). These indicators – labelled actions – took into account primarily ver-

bal, but (sharing Lemke’s [1998] view14) also manipulative actions and para- 

and non-verbal ways of expressing oneself like gestures and facial expres-

sions (c.f. also W.-M. Roth & Welzel, 2001 on the importance of gestures in 

learning about natural phenomena). 

Those were applied to video footage; this way the quality of the category de-

scriptions themselves were tested in terms of applicability and the video-data 

was quantitatively analysed by means of these qualitative descriptions. The 

results were discussed, and the codes were repeatedly redefined and re-

fined. The following figure shows a model of this cyclical process. 

 

Figure 3. Cycle of code development for video-data (Jacobs et al., 1999, p. 719) 

 

                                            
14 „Meaning is not made with language alone. In speech, it is accompanied by gestural, pos-
tural, proxemic, situational and paralinguistic information […]." (p. 1177) 
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At the beginning of the development process, international literature on con-

structivist-oriented theories of learning and teaching science was reviewed to 

derive a first set of qualitative indicators; those indicators described features 

that should be observable in the classroom actions of a teacher who teaches 

from a constructivist point of view. In addition, existing observation instru-

ments and questionnaires from previous studies of teaching were reviewed 

and tested in terms of applicability in this research context (Johns, 1968; 

Taylor & Fraser, 1991; Gallagher & Parker, 1995; Reusser et al., 1998; She 

& Fisher, 2000; Hogan et al., 2000; Widodo & Duit, 2001; Tenenbaum et al., 

2001; van Zee, Iwasyk, Kurose, Simpson, & Wild, 2001; Widodo et al., 2002; 

Labudde, 2002; Clausen, 2002; Stuessy, 2002).  

In a first iteration, this set of theory-based indicators was applied to a set of 

videos (3x90 minutes), showing primary science lessons on floating and sink-

ing from the first phase of a DFG-project at the Institute15. Those lessons had 

been designed as constructivist learning environments and carefully con-

trolled. Thus the first iteration not only allowed to test the first set of catego-

ries, but could also be used to inductively identify new features of constructiv-

ist-oriented teaching and create new categories, resulting in in-vivo codes 

which added to the existing set of categories. For the development of those 

in-vivo-codes, three steps were necessary. First, relevant situations were 

extracted from the video footage (selection). In the next step, a generalisation 

of the characteristics of the selected situations had to be made in terms of 

which essential components constituted them (abstraction). Those essential 

components again had to be regarded from the same theoretical framework 

point of view that was used to deduct categories to make sure that the new 

categories were suitable for the theoretical constructs and thus relevant in 

this research context (classification). It becomes clear, that again this is a 

cyclical process that needs to be gone through more than once in order to 

create refined and finely attuned categories. Figure 4 shows the many factors 

which need to be considered – and on which the instrument depends in its 

use: 

                                            
15 “Auswirkungen von Unterricht zum ”Schwimmen und Sinken” auf das Verständnis physika-
lischer Basiskonzepte und den Erwerb inhaltsübergreifender graphisch-visueller Kompeten-
zen bei Grundschulkindern”, Grant No. MO 942/1-1 
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Figure 4. Determining factors and cyclical process of category development (taken 

from Bos & Tarnai, 1989b, p. 9) 

 

 

As the new instrument was meant to deliver not only a one-dimensional rep-

resentation of teachers’ actions, that is the distinction between high or low 

levels of constructivist-oriented teacher actions, but a multidimensional rep-

resentation that allows to assess also transmissive and hands-on/minds-off 

teaching, the need for additional categories arose.  

In a second iteration, video footage (45 minutes on the subject gears/ cog-

wheels) of a highly teacher-centred, transmissive primary school lesson from 

another controlled intervention study at the Institute (Tenberge, 2002) was 

used to qualitatively develop categories for transmissive teacher actions. This 

was paralleled by matching the newly derived in-vivo codes with descriptive 

research literature that describes features of transmissive teaching (e.g. 
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Good & Brophy, 1986; Mortimer & Machado, 2000; Lemke, 1982; Moore, 

1979; Mehan, 1979; Alpert, 1987; Shapiro, 1998; Hammer, 1995; Reinmann-

Rothmeier & Mandl, 1998).  

Those categories were added to the existing manual and, in a third iteration, 

tested on a real-life lesson (90 minutes) on floating and sinking of a cooperat-

ing teacher. This process again followed the above-described steps of selec-

tion, abstraction, and classification. 

Taking into account that the surface patterns of a lesson as well as teachers’ 

actions are determined by the content of the lesson and the goals that the 

teachers pursue (Oser & Oelkers, 2001), the final iteration included testing 

the instrument on a unit on the topic the water cycle (7 lessons of 45 minutes 

each), which was the given topic for the participating teachers in the study. 

The inductive process of generating new categories always includes the 

danger of trying to cover every ‘interesting’ occurrence in the classroom. 

Therefore, the last step of every iteration was to go back to the underlying 

theories and models, for which indicators had to be found, and to re-examine 

the newly generated categories thoroughly. This deductive reviewing-process 

served the purpose of focussing the instrument. 

Parallel to the development of the categories for the teachers’ actions, an-

other set of categories for the pupils’ side was developed on order to deliver 

an image of how and to which degree the pupils respond to or make use of 

the opportunity structures established by the teachers’ actions. The catego-

ries for the pupils’ actions were developed in close relation to the theoretical 

underpinnings of the categories for constructivist-oriented teacher actions. 

They were to record pupil actions that are indicators for cognitive activity and 

conceptual development processes. The development of the pupil categories 

also followed the abovementioned scheme. 

 

Based on the basic codes developed for the TIMS Video-Studies 1995 and 

1999 and on the work of the IPN in Kiel (Seidel, 2003), another set of codes 

was created that describes the visible organisational structure of a lesson 

(phases, setting, form of interaction etc.). Those so called surface structures 

deliver a grid of the organisation of instruction during the course of the lesson 
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and can be used to determine different patterns of teacher actions related to 

different phases of the lesson. The development of the instrument profited 

greatly from the cooperation with members of the Leibnitz Insitute for Science 

Education (IPN) in Kiel (Duit, Widodo, Tesch, Seidel), the German Institute 

for International Educational Research (DIPF) in Frankfurt (Klieme, Li-

powsky), the DFG priority centre Naturwissenschaftlicher Unterricht (NWU) in 

Essen (Fischer, Reyer, Rumann), the team of Andrée Tiberghien (École 

Normale Supérieure de Lyon, France), Prof. Eduardo Mortimer (Universidade 

Federal de Minas Gerais, Brasilien), and Carol Stuessy (Texas A&M Univer-

sity). 

This process continued for 15 months before the final stage of code devel-

opment, namely the coder training, check of reliability and validation of the 

categories, began. In all, this preliminary version16 of the instrument con-

sisted of four subsets of categories arranged in two dimensions of analysis:  

 

Table 7. Categories before revision (reliability and validity check) 

Dimension 1/ subset 1:  
Instructional organisation of the lesson 

• Loss of data due to technical disturbance* 
• Learning time 

- used as learning time 
- not used as learning time 
- Outside interruption 

• Type of interaction 
- public (whole group) 
- individualised 

• Phase of instruction 
- Revision 
- Introduction/ approaching content 
- Working out/ working on tasks 
- Summing-up/ evaluation 
- Practice/ consolidation 
- other phase 

• Hands-on time* 
• Data selection 

- topic-related instructional talks (whole group) 
- teacher: topic-related directions for whole group 
- other 

                                            
16 For the final version of the instrument after check of reliability and validity see chapter 8.4. 
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Dimension 2:  
Teacher and pupil actions during topic-related inst ructional talks 
(whole group discussions)* 

Teacher actions 

Subset 2:  Building knowledge by fostering cognitive construc tion 
processes 

• foster explanations 
• request rationale 
• request clarification/ illustration 
• foster development of predictions/ ‘hypotheses’ 
• foster transfer and use of analogies 
• confront with objective evidence 
• foster development of ‘experiments’ 
• encourage to validate/ verify presumptions 

 

Subset 3:  Building knowledge by means of direct-instructive methods 

• „Masterminding“ pupils’ contributions 
-  Consciously ignore or select 
-  Reject or doubt 
-  Reinterpret 
-  „Retard“ pupils knowledge 

• Assess/ judge 
- Judge contribution as ‘wrong’ 
- Judge contribution as ‘right’ 

• Explain content 
- Explain/ give correct answer 
- explain with use of mental model 

• demand catchword 
• leading questions 
• limit range of possible answers 

 
Subset 4:  Pupils: cognitive activity 

• describe 
• explain/ interpret 
• give reasons/ substantiations 
• explain/ interpret with reasons/ substantiations 
• „hypothesise“/ make prediction 
• utter unspecific doubt/ express perception of problem 
• give counter arguments 
• validate presumption 
• develop ‘experiments’ 

Note. * Occurrence codes, coded as observed (=1) or not observed (=0). 
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8.2 Coder sample and training 

For coding the video-data, pre-service primary science teachers were 

trained. Coder training took place from March to July 2004. In all, seven cod-

ers were trained, and pairs of two coders were trained for each set of catego-

ries, so inter-coder agreement could be established. 

This coding team consisted of four undergraduate teacher students specialis-

ing in primary science, who were at that time nearing their final university ex-

ams (all female)17, and three young specialised primary science teachers 

(two female, one male). The former were trained for the codes in Teacher – 

building knowledge by fostering cognitive construction processes“ (in final 

version: Teacher – foster active construction processes) and “Teacher – 

building knowledge by means of direct-instructive methods” (in final version: 

Teacher – transmission of information). The latter trained for the codes in 

Instructional organisation of the lesson and Pupils – cognitive activity (in final 

version: Pupils – active construction). Choosing coders who are familiar with 

the field of research serves to ascertain semantic validity, since the coders 

are familiar with the terminology used in the categories and with the circum-

stances of primary school teaching18. 

This description of the sample of coders is deemed necessary in terms of 

reliability of the coding results. While Bakeman and Gottman (1986) still 

stated that the coders personal qualities (except for some talent and proper 

training) should not matter, researchers have now come to admit the impor-

tance of the coders professional background (c.f. Wirtz & Caspar, 2002). 

 

A member of the research team that had developed the codes – the coding 

expert, trained each pair of coders. The training was designed as a sequence 

of three successive elements to ensure a profound and lasting understanding 

and knowledge of the categories, high mutual agreement on their definition 

and meaning. During a first meeting, the use of the coding software as well 

                                            
17 Those students had already contributed to the study as members of the video recording 
crew and were familiar with the study’s background and purpose. 
18 In this vein Brinker & Sager, 1996 state as a maxim for linguistic communication analysis: 
“Analysiere nur die Gespräche, die du auf Grundlage deines Alltagswissens (deiner alltags-
sprachlichen Kompetenz) selber zu führen in der Lage bist!“ (p. 120) 
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as the system of categories as a whole were introduced to the whole group to 

facilitate understanding of the purpose and focus of the investigation, in other 

words to give the coders the ‘big picture’. After this initial introduction, training 

sessions continued in a small group format for the coder pairs. Because of 

the relatively high-inferent character of the categories19, it was agreed to 

chose a training format that consisted of alternating briefing sessions with the 

members of the research team, independent coding of selected scenes, and 

subsequent discussions of the coding decisions, again with members of the 

research team. Thus, the coders were able to develop a deep and detailed 

understanding of the categories over time and practice, which could have not 

been achieved in a condensed one-week training unit. 

The clear separation of video footage for training purposes from the video 

footage for final analyses could not be entirely achieved, due to the relatively 

small amount of video data. Yet only very few videos were selected for train-

ing purposes and in addition video footage from an associated research pro-

ject at the Institute20 was used. The coders referred to a coding manual, 

which precisely describes categories, examples, exceptions, and coding pro-

cedures (see appendix A).  

 

8.3 Code characteristics, coding procedures and qua lity criteria 

Code characteristics and coding procedures 

After recording, the digital videotapes were captured with the program 

PC/TV-Vision and stored on CD-ROM as .mpeg1 video-files. 

The coding of all categories is based on a time-sampling method (Bortz & 

Döring, 1995), using 10-second timeslots. This means that the entire video 

footage was divided into segments of 10 seconds, for each of these seg-

ments the occurrence or the variation of every category were determined, 

                                            
19 This originally refers to the teacher and student actions. For organisational reasons, the 
same mode was applied to the rather low-inferent ‘organisational structure’ categories. 
20 “Veränderung des fachspezifisch-pädagogischen Wissens bei Grundschullehrkräften in 
Bezug auf Lehren und Lernen im mathematisch-naturwissenschaftlichen Unterricht durch 
Lehrerfortbildungsmaßnahmen“ (MO 942/1-1) 
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and frequencies of the occurrence of certain behaviour could be calculated. 

The codes in the set Instructional organisation are coverage codes, i.e. they 

are disjunctive and exhaustive, and therefore all timeslots could be coded as 

variations of a certain category. The software Videograph® (Rimmele, 2003) 

was used for coding, and statistics were calculated with Statistica and SPSS 

11.0. The following figures show how the instructional organisation was 

coded in Videograph: 

 

Figure 5a+b. Window for marking the codings (top), and results displayed in the 

timeline (bottom) 
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The codes for both the teachers’ and the pupils’ actions on the other hand 

are occurrence codes, which are disjunctive but not exhaustive. As such be-

haviours as defined by the categories for teacher and pupil actions may oc-

cur successively during one 10-second time slot, the behaviours of interest 

were not coded as variations of one category but as single categories, one 

for each action of interest (see the overview of categories in chapter 8.4). 

 

Figure 6a+b. Window for marking the codings (top) and results displayed in the 

timeline (bottom) 

 

 

 

An artificial dichotomy was created by using a ‘1/0 scheme’ (behaviour ob-

served/ not observed). In addition, the occurrence of a certain teacher or pu-

pil action may take up three or nine seconds in a 10-second timeslot; in either 
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case the slot is coded as behaviour observed. Thus the results for the teach-

ers’ and pupils’ actions presented in chapter 9 refer to the percentage of 

timeslots in which a certain category was coded as behaviour observed out 

of the total number of timeslots in which a content-related whole group dis-

cussion was taking place. The results do not express the percentage of (real) 

time in minutes during which certain behaviour occurred out of the total time 

of content-related whole-group discussions. 

The choice of the time sampling method affects reliability and validity differ-

ently. Obviously, it is an artificial way of sequencing the classroom interac-

tion, because the time slots often ‘cut’ across sentences, so that one speech 

turn is split up into two time slots. This is an issue of validity, and has to be 

controlled by additional specifications in a coding manual. There can be no in 

depth turn-by-turn analysis, but timesampling allows to code a large amount 

of data in relatively short time, to calculate relative frequencies and propor-

tions (referring to the sampling unit), and reliability can be established more 

easily. 

An alternative procedure would have been event sampling, in which case the 

duration of a certain event is marked with in-points and out-points, and the 

frequency of occurrences as well as the total amount of time in a certain 

category can be calculated. This advantage of being able to record the per-

centage of total time was weighed against two other factors: interpretation of 

data and economic validity. The gained information was deemed difficult to 

interpret for two reasons. Firstly, does a longer duration of teachers’ stimulus 

imply a better quality? Secondly, is not such an approach more susceptible to 

‘white noise’ effects (one teacher talks more slowly than the other, etc.)? Ad-

ditionally, event-sampling is far more time consuming than time-slot based 

coding, as the video-footage has to be reviewed once for every category in-

stead of being viewed in one run per set of categories. In view of these con-

siderations, the calculation of frequencies of certain behaviour was deemed 

an appropriate measure for the purposes of the study in terms of interpreta-

tion of results as well as economical validity. 

Another alternative would have been a rating of whole lessons or sequences. 

Such high-inferent rating systems allow to judge whole sequences of a les-
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son rather than small segments (e.g. turns or 10-second time-slots as were 

used in this study), and likert-scale items allow to judge degrees or levels of 

certain features rather than the mere occurrence of events. Therefore, more 

complex variables can be assessed, and context can be included in a still 

more encompassing way. Efforts in this vein are already undertaken by a 

fellow PhD student (Vehmeyer, Kleickmann, & Möller, 2007a). 

 

First, the instructional organisation was coded in all videos to create a grid for 

the subsequent coding of the teacher and pupil actions. Above all, the spe-

cific sections of the lessons that contain content-related whole-group discus-

sions had to be determined (see variable Data selection, table 15). In the fol-

lowing step, the teams independently coded both the teacher and the pupil 

actions during these selected sequences. As the codes for Teacher – foster-

ing construction processes and Pupils – active construction had been devel-

oped in close correspondence and were to be analysed with a view to 

whether the pupils’ actions show that they make use of the opportunity struc-

tures established by the teachers’ action, it was crucial to have independent 

coders for each of these two category sets. This served as a measure to 

avoid biased coding in the pupil categories. In the case of the pupil catego-

ries, events had to be assessed from the point of view of the pupil in the 

sense of her or his intended contribution to the lesson. If for example a pupil 

offers an objectively incorrect fact or unrelated example from his everyday life 

to back up her or his explanation, this pupil has nevertheless given a ration-

ale for a claim, and this event would have to be coded in the respective cate-

gory. After having calculated the agreement statistics, the teams coded the 

remaining 20 lessons based on the division of labour of both coders con-

cerned with the sets of categories. The eight videos that had already been 

coded for the agreement check were not recoded a second time; coding re-

sults from the agreement check was used for the final analyses. The good to 

very good agreement on those eight lessons allowed the use of the data 

gathered, and repeated coding would have harboured the risk of distortion or 

misinterpretation due to habituation. The files for final analyses were selected 

from the respective two available coded files by random, based on equal rep-

resentation of both coders (4+4). 



  102 

Reliability 

For the check of agreement between coders, which was determined as a 

measure of the reliability of the instrument’s application, Cohen’s Kappa (κ) 

statistic was used. As the codes for the teachers’ and the students’ action 

refer to relatively infrequent events, the marginal proportions of the respec-

tive cross tables are very unevenly distributed. In this case, the calculation of 

percentage of agreement delivers disproportionately good results, which 

alone are not sufficiently meaningful to describe the actual agreement; 

Cohen’s κ on the other hand constitutes a more stringent and more meaning-

ful measure. The following example may illustrate the differences between 

percentage of agreement and Cohen’s κ: 

 

Table 8. Cross table 1 for two coders and dichotomous coding 

 yes no ∑ 

yes 8 2 10 

no 1 89 86 

∑ 9 91 100 

 

In this case, the calculated percentage of agreement of 97% is very high, as 

it highly considers the high amount of concurrent No coding events. Cohen’s 

κ in this example results in .78. As soon as we shift a certain amount of con-

current codings to the No field the results change rapidly, although the total 

number of concurrent codings remains unchanged: 

 

Table 9. Cross table 2 for two coders and dichotomous coding 

 yes no ∑ 

yes 4 2 6 

no 1 93 94 

∑ 5 95 100 
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Now the percentage of agreement still is at 97%, but the result for Cohen’s κ, 

which is very susceptible to the non-concurrent coding events in case of un-

even marginal proportions, has dropped to .65. 

For the categories of the organisational structure of the lessons, which can 

be regarded as rather low-inferent, i.e. needing little to none interpretation 

when used for coding video footage, a Kappa of >.85 was deemed a satisfy-

ing agreement. For the categories of the teachers’ and students’ actions, 

which have to be regarded as higher-inferent, because a coder needs to infer 

or interpret more from the video footage to code them, a Kappa of >.70 is 

deemed sufficient for a satisfying agreement21. 

Already during the coder training phase, initial inter-coder agreement was 

repeatedly tested as a measure for approaching reliability. Final inter-coder 

agreement results were calculated after the coders had finished approxi-

mately 30% of the video-data. As the coders were also supposed to work for 

the associated DFG research project at the Institute, training as well as check 

of agreement included material from this project, which added another 30 

videos of 90 minutes each on the same topic to the total amount of video 

footage for analyses. Thus 16 (respectively 822) videos were chosen for 

checking the agreement, half of those selected randomly from this and the 

other half from the associated project. The following tables present results of 

the inter-coder agreement check, which include the median of the Kappa val-

ues and the median of the percentage of agreement values for each video. 

For an even number of coded videos, the mean of the two middle Kappa val-

ues was calculated. Videos were excluded from the calculations if the con-

cerned category had never been coded as given by any of the coders, in 

other words where coders had a 100% (respectively κ = 1.0) agreement on 

                                            
21 It has to be noted that the rating of Kappa values differs across authors. According to Wirtz 
& Caspar, 2002 for example, a significant kappa value is the minimum requirement, but as a 
rough guideline only values of .70 or higher can be regarded as ‘good’, always depending on 
the research context and the data set. Everitt (1996) on the other hand calls kappa values of 
.01-.20 slight, .21-.40 fair, .41-.60 moderate, .61-.80 substantial, and .81-1.00 perfect. Bos & 
Tarnai (1989a) speaks of kappa values of >.70 as satisfactory. In this project the view of 
Wirtz & Caspar (2002) was used as referent. 
22 For the categories of the organisational structure of the lessons only 8 videos (4+4 from 
both projects) were selected for the agreement check; this is because the low-inferent char-
acter of these categories does not call for such an intensive check as the higher-inferent 
character of the categories for the teachers’ and pupils’ actions. 
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never coding this category as given. Such results would reliably describe to 

which extent the coders agree on that a certain category is not met; yet it 

does not allow to draw conclusions about whether they agree on the point 

from which on the category is coded as given. 

The agreement on the categories for the organisational structure can be re-

garded as very good. Thus, final analyses can be conducted for each cate-

gory. 

Table 10. Coder agreement for the organisational structure of the lessons (8 videos, 

2 coders; N = 4244 time slots [= 11.79 hours]) 

Organisational structure of the lesson  

Category Md κ Md % agree-
ment 

„hands-on“ activities 1.0 100 

type of interaction .978 98,94 

learning time .934 99,51 

phase of instruction .976 98,31 

loss of data due to technical difficulty 1.0 100 

data selection .97 98,36 

 

The coder agreement on the categories for the teacher actions that foster 

conceptual development processes can be rated as good to very good, thus 

analyses can be conducted for all of them. The aggregated category Foster 

explanations + request rationale + request clarification/ illustration was cre-

ated to make a direct correspondence to the pupil category Explain/ interpret 

+ explain/ interpret with reasons/ substantiations + give reasons/ substantia-

tions possible (see below). 
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Table 11. Coder agreement for teacher actions 1 (16 videos, 2 coders; N = 8444 

time slots [= 23.46 hours]) 

Teacher actions: 
Building knowledge by fostering cognitive construct ion processes 

Category Md κ Md % agree-
ment 

foster explanations .905 99,42 

request rationale .748 99,8 

request clarification/ illustration .785 99,47 

Aggregation: 

foster explanations + request rationale + re-
quest clarification/ illustration 

.905 98,97 

foster development of predictions/ ‘hypothe-
ses’ 

.943 99,73 

foster transfer and use of analogies 1.0 100 

foster development of ‘experiments’ .887 99,73 

confront with objective evidence .871 99,81 

encourage to validate/ verify presumptions .797 99,66 

 

The agreement on the pupil categories ranges from good to very good, with 

the exception of the categories Explain/ interpret with reasons/ substantia-

tions, Give reasons/ substantiations, and Validate presumption. For those, no 

analyses can be conducted. The category Validate presumption was dis-

missed entirely; the categories Explain/ interpret, Explain/ interpret with rea-

sons/ substantiations, and Give reasons/ substantiations could be aggre-

gated into one category, as their underlying theoretical constructs were very 

similar. Agreement on this aggregated category was good, which allows for 

analyses for the aggregation Explain/ interpret + explain/ interpret with rea-

sons/ substantiations + give reasons/ substantiations. 
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Table 12. Coder agreement for pupil actions (16 videos, 2 coders; N = 4054 time-

slots [=11.26 hours]) 

Pupil actions: cognitive activity 

Category Md κ Md % agree-
ment 

describe .812 95,81 

explain/ interpret .759 95,37 

explain/ interpret with reasons/ substantiations .410 96,52 

give reasons/ substantiations .508 97,98 

Aggregation: 
explain/ interpret + explain/ interpret with rea-
sons/ substantiations + give reasons/ substan-
tiations 

.824 95,48 

„hypothesise“/ make prediction .889 97,14 

utter unspecific doubt/ express perception of 
problem 

.796 99,44 

give counter arguments .739 99,60 

validate presumption 0 99,25 

develop ‘experiments’ .871 99,66 

Agreement on the categories for teacher actions that include transmissive 

methods can be described as very good, with the exception of Explain with 

use of mental model and Leading questions/ limit range of possible answers. 

Because of the similarity between Explain with use of mental model and Ex-

plain/ give correct answer those two categories could be aggregated, creat-

ing Explain/ give correct answer + explain with use of mental model, which 

could be coded reliably. The category Leading questions/ limit range of pos-

sible answers had to be dismissed entirely. 
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Table 13. Coder agreement for teacher categories 2 (16 videos, 2 coders; N = 4432 

time-slots [= 12.31 hours]) 

Teacher actions: 
Building knowledge by means of direct-instructive m ethods  

Category Md κ Md % agree-
ment 

Reject or doubt  .83 99,33 

„Retard“ pupils knowledge 1.0 100 

Consciously ignore or select 1.0 100 

Reinterpret .831 99,66 

Judge contribution as ‘wrong’ 1.0 100 

Judge contribution as ‘right’ .887 99,21 

explain/ give correct answer .880 99,34 

explain with use of mental model .485 99,56 

Aggregation: 
Explain/ give correct answer + explain with 
use of mental model 

.895 99,21 

demand catchword .950 99,61 

leading questions/ limit range of possible 
answers 

0 99,26 

 

 

Validity 

According to Bortz and Döring (1995), validation can be achieved through 

consent (a) between members of the research team, (b) between research-

ers and the subjects of the investigation, and (c) between researchers and 

laypersons or colleagues outside the research team. 

In the case of the investigation reported here, all three aspects were taken 

into account. Besides discussions within the research group about the validity 

of the constructs on a theoretical basis (to determine whether the operation-

alisations reflected the opinion of the expert community,) the perspective of 

laypersons was included during the coder-training by not only transmitting 

information about the codes to the coders but also inviting them into the final 

steps of the code-development process. 
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The process of inferring intentions from a teacher’s observable action is a 

sensitive act that needs to be carefully validated. As Cazden (1986) puts it, 

researchers should ask themselves: “In general, how adequate are the 

grounds for our interpretation? More specifically: have we adequately con-

sidered the multiple meanings that any surface language form can have?” (p. 

438) So, as a third measure, stimulated-recall interviews were conducted 

with some of the teachers who had participated in the study to make sure 

that the developed codes indeed record the teachers’ actual intentions, in this 

case in a spot-check format. For this validation, selected sequences from a 

teacher’s own video, which had been coded beforehand, were played to the 

teacher, afterwards asking her about certain actions during the sequences. 

The leading question during these interviews was which intention those ac-

tions followed.  

The goal of this procedure is that the subjects of the research process com-

municatively validate the researchers’ reconstructions. In this case „nimmt 

das Subjekt die Strukturierung der Aussagen im Sinne der komplexen ge-

suchten Zusammenhänge [...] selbst vor.“ (Flick, 1998, p. 245). The intended 

result is a post-hoc-verbalisation of the subject’s own collateral thinking dur-

ing the situation in question. 

This process involves several issues to be considered. A basic assumption is 

that the teachers’ thought processes that accompany their actions often can-

not be extracted. As tacit knowledge they are a kind of subconscious knowl-

edge that has never been verbalised, and thus they can probably only be 

reconstructed in interviews with some difficulties. The same applies to mental 

scripts (Schank & Abelson, 1977), which may influence the teachers’ actions 

but can hardly be identified and verbalised as conscious reasons for actions. 

As Calderhead (1987) states, “teachers must often respond immediately and 

intuitively”, and such “knowledge-in-action is sometimes inaccessible to pro-

fessionals themselves in the sense that, although they can demonstrate it in 

action, they are unable to disclose it verbally” (p. 3). Thus, stimulated recall 

interviews do not reliably help extract a teacher’s actual thoughts that ac-

companied her or his videotaped instructional moves, but probably rather 

considerations of the teacher who retrospectively interprets her or his 

thoughts and intentions at that given moment. Thus, this process represents 
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a mixture of subjective and objective ways of looking at things. The teacher 

also interprets her or his own behaviour – but as the teacher knows her- or 

himself much better than an external observer, it can be reasonably assumed 

that the teacher’s retrospective thoughts are much more accurate than the 

observer’s interpretation. In addition, we can assume that a teacher’s inten-

tion of a certain action is easier to reconstruct by herself than the thought 

processes that led to the decision for this action. 

Another issue concerns the influence of the interviewer on the interviewee, 

which might guide the latter towards certain answers. Different variations 

need to be considered: 

• The interviewer provides information on the categories that are to be 
validated. This may make it easier for the teacher to give her or his point 
of view. Yet those opinions would probably not be unbiased any more, 
as the teacher might try to classify her- or himself according to the sys-
tem, whether actually justified or not. 

• The interviewer does not provide any information on the categories, so 
the interviewee’s statements will not be biased. Yet this might increase 
the interviewee’s uncertainty or unease about giving statement and ex-
pose her- or himself without knowing the interviewer’s true purpose. 

 

A third issue concerns the implications the situation in which teachers might 

feel forced to justify and defend their actions – an effect the interviewer must 

seek to avoid. Further factors of influence are the teachers’ characteristics 

like their self-confidence, openness, or reserve (Calderhead, 1981). 

In this project, the opening statement of the interview defined the interviewed 

teacher as an expert for her- or himself, who would help us better understand 

and correctly interpret her or his actions and underlying intentions. In the first 

phase of the interview, teachers were asked to comment on the selected 

video-scenes, telling what they remembered spontaneously of this situation 

and what their intention was at that moment, that is what they wanted to 

achieve with this specific teaching move. After all selected scenes had been 

commented on, teachers were informed about the research teams’ interpre-

tations of the same scenes (the coding results) and they were asked to either 

reject or validate these interpretations. This approach with two different runs 

was chosen to obtain both an unbiased comment and the teachers’ judge-

ment of our coding decisions. In all cases, the rejections and validations dur-
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ing the second run proved consistent with the spontaneous comments from 

the first run, for validated interpretations as well as for rejected interpreta-

tions. The following table shows the results for all three teachers that were 

interviewed:  

 

Table 14. Results of stimulated recall interviews 

 teacher 
no.1 

teacher 
no.12 

teacher 
no.19 

all 3 
teachers 

Codings vali-
dated 

16 12 21 
(thereof 2 

only partially: 
code covers 
only one as-
pect of her 
intention) 

49 

Codings not vali-
dated 

1 2 1 4 

Cannot remem-
ber intention  

2 2 -- 4 

Total number of 
commented sce-
nes 

19 16 22 57 

 

The results of the interviews are satisfying. Of a total of 53 commented and 

coded sequences (for which the intention could be remembered) only four 

were explicitly rejected by the teachers, which means an agreement of 

92,45% between the interpretations done by the coders and the teachers’ 

actual remembered intentions. 

In addition to the stimulated recall interviews, a second post-hoc validation 

was conducted by asking experts from the field of science learning and 

teaching to give their opinion on the teacher and pupil codes of the final ver-

sion of the category system. The leading question was that of construct valid-

ity, in other words whether the codes that were developed actually reflect the 

theoretical construct from which they were originally derived. The two chosen 

experts (Peter Labudde, University of Bern, Switzerland and Lydia Murmann, 

University of Bremen, Germany) were given the three sets of pupil and 



  111 

teacher categories and asked whether those reflected the following theoreti-

cal constructs: 

• “Teacher – fostering construction processes”: Teacher actions which 
promote conceptual development (development, elaboration, restructur-
ing) 

• “Teacher – transmission of information”: teacher actions that aim at the 
direct transmission of ready-made knowledge 

• „Pupils – active construction“: pupil actions that indicate conceptual de-
velopment processes (development, elaboration, restructuring) 

 

The responses were very positive, acknowledging that the system of catego-

ries covers essential aspects of the constructs they are aimed at, and that 

they reflect the current discussions on the topics constructivism in science 

teaching, video studies, and theories of science teaching, enriching these 

discussions. In addition, the coding manual itself was considered to be well 

structured, containing accurate descriptions of the categories. In addition, the 

dichotomous coding method was considered to be appropriate for delivering 

data for interesting analyses.  

Critical remarks mostly referred to the definitions of individual categories and 

differentiations between them. Especially Murmann (L. Murmann, personal 

communication, May 14, 2005) thoroughly commented on the pupil catego-

ries, concentrating on the sensitivity that is necessary when interpreting pu-

pils’ actions. Interestingly, the experts who were not familiar with the results 

of the reliability check already hinted in their comments to some of the diffi-

culties that the coders encountered and which finally led to the dismissals 

and aggregations mentioned before. 

Despite their productive criticisms, they both saw the category system in all 

as a “precise tool for ‘dissecting’ lessons and their inherent processes” (P. 

Labudde, personal communication, April 4, 2005). 
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8.4 Final operationalisation of the codes 23 

The final set of categories – confirmed by check of reliability and validity – for 

which results will be reported is as follows: 

 

Table 15. Final set of categories after revision (reliability and validity check) 

Dimension A 

Instructional organisation of the lesson 

Loss of data due to technical difficulty* 
Learning time 
• used as learning time 
• not used as learning time 
• Outside interruption 

Type of interaction 
• public (whole group) 
• individualised 

Phase of instruction 
• Revision 
• Introduction/ approaching content 
• Working out/ working on tasks 
• Summing-up/ evaluation 
• Practice/ consolidation 
• other phase 

Hands-on activities* 
Data selection 
• topic-related instructional talks (whole group) 
• topic-related teacher directions for whole group 
• other 
 

                                            
23 Utmost care was taken in translating original German coding manual into English; yet 
every translation has to be regarded as a re-interpretation of the text, and it is impossible to 
avoid distorting influences completely. But as the manual was translated by the same person 
that originally developed it, changes of meaning could be reduced to a minimum. For Ger-
man-speaking readers it is yet advisable to refer to the original German version of the coding 
manual instead, see appendix A. 
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Dimension B 

Teacher and pupil actions during topic-related inst ructional talks 
(whole group discussions)* 

Teacher actions 

Teacher – fostering construction processes: Teacher  actions which 
promote conceptual development (development, elabor ation, restruc-
turing) 

• encourage to give explanations/ interpretations 
• request rationale 
• request clarification/ illustration 
• encourage to make predictions 
• stimulate transfer and use of analogies 
• create cognitive conflict (using objective evidence) 
• stimulate development of ‘experiments’ 
• make clear : presumptions call for validation – encourage validation 

 

Teacher – transmission of information: teacher acti ons that aim at the 
direct transmission of ready-made knowledge 

• reject or doubt pupil’s contribution (based on teacher’s institutional au-
thority) 

• judge pupil’s contribution as ‘wrong’ 
• explain content/ give correct answer (poss. by using mental model) 
• demand catchword/ use pupils as stopgaps 

 
Pupil actions: 

Pupils – active construction: pupil actions that in dicate conceptual 
development processes (development, elaboration, re structuring) 

• describe 
• explain/ interpret (poss. with rationale) 
• make prediction 
• utter perception of dissonance (unsubstantiated) 
• question contributions (with rationale) 
• develop ‘experiments’ 

Note. * Occurrence codes, coded as observed (=1) or not observed (=0). 

 

The following chapters will describe the final codes in terms of contents and 

examples, go back to the basic ideas from which they were derived and 

which theories were drawn upon in the process. 
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8.4.1  Instructional organisation 

Instruction can be analysed in terms of specific types of sequences of activi-

ties that consist of individual phases that include different activities and take 

place in different settings. In research on quality of instruction such structures 

are currently discussed as Scripts/ Skripte (Stigler & Fernandez, 1995; Stigler 

et al., 2000; Reyer, 2004; K. J. Roth et al., 2006) or Choreographien unter-

richtlichen Lernens (Oser & Patry, 1990; Oser, Patry, Elsässer, Sarasin, & 

Brouär, 1997; Seidel, 2003). In the context of the investigation at hand, the 

categories of instructional organisation draw on the notion of the former au-

thors; they were created to grasp the visible surface structure of the lessons. 

For in-depth-analyses of the opportunity structures for learning offered by the 

teacher, we use a different set of categories (see chapters 8.4.2 and 8.4.3). 

The categories in the dimension of instructional organisation serve to asses 

the phases or activities that are orchestrated during the lessons (phases, 

hands-on activities), and the manner in which they are realised (type of inter-

action). Firstly they create the basis for the following analyses (e.g. identifica-

tion of relevant sequences for the analysis of teacher and pupil actions), and 

secondly they have a self-serving purpose for the research question (e.g. 

amount of time spent on whole group discussions, proportion of hands-on 

activities). The following list gives the definitions of categories with which the 

coders worked. 

 

(1) Loss of data due to technical difficulty 

Sequences during which some kind of instruction is obviously taking place, 

but which cannot be coded due to technical problems such as fault on sound 

or interference on vision. 

 

(2) Learning time 

a) Used as learning time 

Sequences during which teacher and pupils are working on the content of 

the lesson in some way. This includes working on the content itself or on 

tasks that serve the preparation of work on the content. This category 
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codes the amount of time that is being spent on work on the particular 

content of the lesson. 

b) Not used as learning time 

Sequences during which the potential time that teachers have at their dis-

posal for instruction is spent on not content-related activities. This cate-

gory codes the time that the teacher spends on issues other than directly 

or indirectly content-related. 

c) Outside Interruption 

Sequences in which ongoing events are interrupted by ‘outside’ factors, 

outside meaning in this case: by other than teachers’ decision, not neces-

sarily from outside of the room. 

 

(3) Type of interaction 

a) Public (whole group) 

Sequence during which everybody’s attention is focussed on the same 

topic at the same time. If somebody speaks, she or he addresses every-

body else, and everybody is supposed to pay attention. 

b) Individualised 

Sequences during which the classes’ attention is legitimately divided and 

different tasks are being pursued. Pupils do different things and at differ-

ent work rates. There is no central topic on which the whole group fo-

cuses its attention at the same time. If somebody speaks, she or he ad-

dresses not the whole group but only one or a small group of persons. 

 

(4) Phase of instruction  

a) Revision 

Sequences during which contents or results from previous lessons are 

being recalled and children’s knowledge is being tested. The pupils are 

expected to be familiar with these contents as they already talked about 

them previously. Purpose of such phases is to recall information that has 

already been integrated into the classes expected body of knowledge. 
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These revisions may concern contents or also agreed-on formalities, such 

as the recall of established rules (e.g. for group work etc.) 

b) Introduction/ approaching content 

Such phases may serve one of the following two purposes or both at the 

same time: 

Wake interest/enthusiasm: Sequences during which a question is posed, 

a new topic is introduced, or a new issue is raised. The purpose of such 

sequences is to ignite a new learning process by arousing interest for the 

new topic. 

Prepare work on task: The pupils are being prepared for their work on 

tasks concerning the new topic. The pupils are being introduced to the 

new topic, are acquainted with the new content. The purpose of these se-

quences is to develop prerequisites for the pupils’ work on and under-

standing of the topic, to help them get their bearing for the following tasks. 

This may also include content-related organisational aspects like introduc-

ing material, establishing rules for lab-work, developing plans of how to 

conduct an experiment etc. 

c) Working out/ working on task 

„Realisation of tasks, working on tasks, advancing the examination of the 

topic“: Sequences during which pupils work on the new topic, work on the 

assigned tasks, either together with the teacher or on their own. The pur-

pose of such sequences is to enlarge the pupil’s body of knowledge, or 

the creation of new knowledge, respectively. 

d) Summing-up/ evaluation 

Sequences during which the new knowledge that the children have ac-

quired during working on the tasks is summed up, presented, structured, 

evaluated, reflected on and/ or organised. The purpose of such se-

quences is the summary and organisation of the new information gained 

during the course of the lesson so far. Results are agreed on and re-

corded. 
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e) Practice/ consolidation 

Sequences during which new knowledge that was gained during the les-

son is applied to new contexts and/ or practised in a different form. The 

purpose of such sequences is the consolidation of the new knowledge. 

f) Other phase 

Sequences (1) which are also coded as not used as learning time or (2) 

which are coded as used as learning time and do not match the definition 

of one of the other phase of instruction-aspects. 

 

(5) Hands-on activities 

Situations during which all pupils are given the opportunity to manipulate ma-

terials actively. All pupils have the opportunity to experiment, to build, to cre-

ate (e.g. models), and to observe and analyse their material. Point of refer-

ence for coders’ decisions: The pupils do those things themselves, with their 

own hands, as opposed to a demonstration of an experiment conducted by 

the teacher or one pupil and only observed by the other pupils (or maybe 

aided by one or two of them). 

 

(6) Data selection 

This category served to identify the sequences that would be needed in order 

to analyze the whole-group talk parts of the lessons. 

a) Topic-related instructional talks (whole group) 

Sequences during which teacher and pupils have a whole-group conver-

sation about the current topic. Teacher and pupils talk about directly and 

indirectly (e.g. organisational aspects of content/ tasks) content-related 

aspects. The whole-group talk is dialogical, i.e. teacher and pupils both 

contribute to the conversation 

b) Topic-related teacher directions for whole group  

Sequences during which the teacher gives tasks, impulses or directions to 

the class as a whole, but does not get involved in a dialogical conversa-

tion with the pupils. The teacher is the only one who speaks.  
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c) Other 

Residue: All sequences that cannot be classified as either topic-related 

instructional talks (whole group) or topic-related teacher directions for 

whole group 

 

 

8.4.2 Teacher actions 

Teacher – fostering construction processes: Teacher  actions which 

promote conceptual development (development, elabor ation, restruc-

turing) 

Meaning:  

The following eight categories represent particular aspects of the theoretical 

construct which is defined as Teacher actions which promote conceptual de-

velopment (development, elaboration, restructuring) and are thus based on a 

shared theoretical background.  

Seen as a whole they represent actions which show that the teacher is both 

aware of and responsive to the pupils’ prior knowledge, experiences and 

ideas about natural phenomena (Driver et al., 1994; Scott et al., 1992; 

Gerstenmeier & Mandl, 1995; Scott et al., 1992; Duit, 1995; Duit & Treagust, 

1998; Reinmann-Rothmeier & Mandl, 1998). The teacher aims at facilitating 

students’ conceptual development (Jegede & Taylor, 1995; Reinmann-

Rothmeier & Mandl, 1998) by making explicit use of existing ideas in class by 

bringing them out into the open and discussing them, and by challenging pu-

pils to participate actively in determining their concepts’ viability (Jegede & 

Taylor, 1995; Scott et al., 1992). While doing so, the teacher implicitly and 

explicitly introduces the learners to a different way of seeing, thinking, and 

reasoning about phenomena (i.e. the difference between commonsense rea-

soning and scientific reasoning). The teacher uses reality as well as the ac-

ceptance by fellow researchers – in this case peers – as a referent for testing 

the veracity of his pupils’ constructions (Driver et al., 1994; Hewson et al., 

1998; Widodo, 2004). The teacher needs to be sufficiently confident in his/ 

her own understanding of the topic to allow alternative points of view. He 
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must have knowledge of the science domain, typical concepts, and typical 

learning pathways to be able to react directly to pupils’ contributions: thus he 

can be aware of likely conceptual pathways and restrain from evaluating pu-

pils’ contributions in terms of correctness of content (Scott et al., 1992). The 

teacher rather gives elaborative feedback to “supply elements for a further 

extension of the response by the students, or elicit new ideas and contribu-

tions from them” (Mortimer & Machado, 2000, p. 436). 

In the following paragraphs, each category is related to the theoretical as-

pects of the teaching/ learning process that it represents (meaning) and defi-

nitions and examples from the coders’ workbook are given. 

 

(1) Encourage to give explanations/ interpretations  

Meaning: 

This category represents the importance given to the pupils’ construction of 

explanations and scientific conceptions based on their prior knowledge and 

experiences. Pupils are seen as thinkers with emerging theories about the 

world (Henriques, 1997), and the constructivist view of learning as well as 

conceptual change/ growth approaches emphasize that pupils’ ideas and 

their development are central to the learning process. Thus “the opportunities 

for pupils to talk about their ideas concerning particular concepts or issues 

are prominent in the learning process” (So, 2002, p. 3). 

A classroom atmosphere is created in which students are encouraged and 

feel comfortable to communicate ideas, opinions and conceptions to teacher 

and peers without fear of ridicule or sanction (Scott et al., 1992; Widodo, 

2004; So, 2002; Jegede & Taylor, 1995; Hewson et al., 1998). This happens 

as the teacher asks open-ended questions that provide opportunity for pupils 

to express their explanations for natural phenomena and which encourage 

not only scientifically correct answers but acknowledge multiple views (Scott 

et al., 1992). 

In doing so, the teacher gives pupils the opportunity to become aware of their 

own and others’ ideas and views as these are inserted into a “pool” of ideas 

available for discussion (Scott et al., 1992). This elicitation of ideas serves to 

activate students’ prior knowledge and recognise their (sometimes diverse) 
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conceptions (So, 2002; Jegede & Taylor, 1995; Hewson et al., 1998; 

Smerdon et al., 1999; Widodo, 2004). Such elicitation may happen as a one-

time event (e.g. pre-instructional quizzes, small-group posters etc.) or pref-

erably throughout the whole instruction, as pupils are continuously asked to 

make their ideas explicit in a functional way to construct interpretations of or 

explanations for phenomena in question in their own words (Gil-Pérez et al., 

2002; Black & McClintock, 1995). 

This sharing of ideas with others may serve as a starting point for developing 

joint ownership of ideas and meanings, if those ideas are subjected to critical 

group scrutiny, negotiated and tested by shared social discourse 

(Tenenbaum et al., 2001; Driver et al., 1994; Jegede & Taylor, 1995; Widodo, 

2004). 

Definition: 

The teacher calls upon pupils to explain or interpret a fact, a process, or a 

phenomenon based on their current conceptions/ ideas/ knowledge. The 

children are asked to give their view on how this fact, process, or phenome-

non occurs or works. 

Examples 

„... then you can talk about what you have observed and maybe already find 

an explanation for it …“ 

Let’s think about this together: what is necessary, what does it take so that 

water can evaporate? 

„How would you explain that there was less water left on the spoon after-

wards?“ 

„What about the water? Who can explain, or try to explain?“ 

 

(2) Request clarification/ illustration 

Meaning: 

This category represents teacher actions whose intent is very similar to that 

of the category Encourage to give explanations/ interpretations: they also 

serve to elicit the pupils’ preconceptions and encourage them to state their 

constructed explanations for objects, events or phenomena (see above). Yet 
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they take this elicitation one step further towards (1) making sure that we un-

derstand what the other is understanding, and (2) finding out how sophisti-

cated or elaborated this explanation really is (Hogan et al., 2000). Experience 

shows that learners’ explanations often seem to be very scientific as they use 

appropriate technical terms. However, when asked to elaborate their expla-

nations, when asked to reformulate the meaning of a technical term in other 

words, pupils fail to explain what their explanation really means, and it be-

comes obvious that that an explanation that has been received via other 

sources (TV, peers, parents, books etc.) has been applied, but not truly un-

derstood. 

As Driver et al. (1994) state, teaching is also a learning process for the 

teacher, who needs to be sensitive to and have respect for his pupils’ con-

structions of meaning, their learning pathways and difficulties. 

Definition: 

The teacher asks pupils to rephrase their ideas, to put them in more concrete 

terms, to make their statement more precise, or to illustrate what they mean. 

Examples 

„What do you mean: the sun makes the vapour?“ 

S: Wet laundry dries more quickly because the sun is hotter and the fresh air 

shines on it.“ T: „The fresh air shines on it?“ S: Nah, it’s on it, I didn’t know 

how to say it.“  

S: „... then the transparent air touches it and then it turns white – and then it’s 

misted-up.“ T: „Please explain the part about the transparent air to me.“ 

 

(3) Request rationale 

Meaning: 

This category encompasses teacher actions that aim – beyond the afore-

described elicitation of pupils’ initial ideas and conceptions – at introducing 

means for the exploration and evaluation of ideas. It introduces a metacon-

ceptual component (Hewson et al., 1998): beyond a stage of thinking with 

ideas (i.e. using existent conceptions to explain phenomena from a pupil’s 

point of view) follows a stage of thinking about ideas (i.e. thinking about the 
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content of conceptions themselves). By challenging pupils’ ideas in the form 

of requesting arguments and evidence the teacher moves the instruction to-

wards reflections and concept investigation (Driver et al., 1994; Tenenbaum 

et al., 2001). 

Such interventions serve a twofold purpose in the negotiation of multiple 

points of view. Firstly, they help to understand what the other is understand-

ing (Driver et al., 1994), and to determine the status of the learner’s concep-

tion and how he arrived at this explanation. Secondly, such teacher actions 

introduce a certain norm to the process of making sense of a natural phe-

nomenon. It is not enough to state an explanation that makes sense to 

learner him- or herself (which means it is congruent with the learner’s internal 

authority), but has to be validated according to the norms of an external au-

thority. In this case, this authority is a disciplinary one: the rules of the sci-

ence community (Hewson et al., 1998; Scott et al., 1992; Driver et al., 1994). 

As one of many norms of this community, reasons and evidence are neces-

sary to support knowledge claims. This challenge to pupils’ claims means 

that they are asked to construct arguments for the validity of their interpreta-

tions (Black & McClintock, 1995), to justify their point of view (Lorsbach & 

Tobin, 2000; Hewson et al., 1998; So, 2002). This implies to move from plain 

ideas to a basis for choosing between ideas (Hewson et al., 1998). 

Again, this requires not questions for correct answers, but open-ended ques-

tions which are based on pupils’ previous responses and give the learner 

room to explain his/ her individual sense-making (Tenenbaum et al., 2001; 

So, 2002). Such questions provide potential stimuli for students to modify 

and, where necessary, change their ideas and views (So, 2002). 

Definition: 

The teacher requests reasons for a pupil’s statement. She/he calls upon the 

children to back up their interpretations, to give reasons for their opinions or 

assumptions, to give proof for their claims. 

Examples 

As a follow-up question to a pupil’s interpretation: „Does anybody have an 

idea why this it is this way?“ 
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As a follow-up question to a pupil’s claim: „And do you have an explanation 

for this?“ 

As a follow-up question to a pupil’s presumption: „Why do you say this one 

dries more quickly?“ 

S: „It will start dripping soon.“ T: „Why will it start dripping soon?“ 

“Can you prove it?” 

 

(4) Encourage to make predictions 

Meaning: 

This category encompasses teacher actions which aim at challenging and 

giving room for testing pupils’ ideas (Scott et al., 1992; Henriques, 1997). 

Pupils are asked to make predictions that might contradict naïve conceptions 

if tested (Hewson et al., 1998; Smerdon et al., 1999), or reinforce or raise the 

status of scientifically appropriate conceptions. 

Engaging pupils in a process of scientific inquiry (Jegede & Taylor, 1995) 

means to make available for them certain scientific standards, tools, and 

methods of inquiry (Hewson et al., 1998). Such a process is not begun for 

self-serving purposes but intentionally and purposefully; an experiment is not 

done for itself but as a tool to achieve a certain end. It means that pupils par-

ticipate actively in determining their concepts’ viability (Jegede & Taylor, 

1995). Such a determination can be achieved by negotiation within the group 

and by using experiential, empirical data. In this case, the teacher stimulates 

the formulation of checkable presumptions, based on the pupils’ current un-

derstanding of an event, object or phenomenon. This is an analytic skill that 

can be applied to other problems and situations (Smerdon et al., 1999) and 

which is a necessary prerequisite for being able to use reality as a source of 

stimuli by which to test constructs (Tenenbaum et al., 2001). The teacher 

puts the pupils conceptions to use in a highly functional way (Gil-Pérez et al., 

2002), stimulating the first step of an opportunity for pupils to test their ideas’ 

robustness in making prediction and accounting for events (So, 2002; Gil-

Pérez et al., 2002). 
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Definition: 

The teacher encourages the pupils to think hypothetically, speculatively, pre-

dicatively: The children are called upon to make assumptions about events 

that lie in the future or fictitious events (“What would/ will happen if …”). They 

are asked to make predictions e.g. about a process or about the outcome of 

an experiment, based on their current conceptions, knowledge, and ideas. 

Examples 

„And now imagine, I take a towel and put it in a shady place. And I put the 

other towel... oh right, this shady place is also completely sheltered from the 

wind. And I hang up the other towel right in the breeze. Which one will dry 

more quickly? 

„What would have happened if we had not held the glass over it?” 

„What would happen if I put some water on the yellow plate and the same 

amount of water on the green plate, and then I put the yellow plate on the 

table over there (points towards the back of the classroom) and the green 

plate out in the hall?” 

 

(5) Create cognitive conflict (using objective evid ence) 

Meaning: 

As Mortimer and Machado (2000) state, the “success of teaching strategies 

based on ‘cognitive conflict’ seems to depend not only on designing the ac-

tivities for the students but also on the discursive movement involved in the 

elaboration of contradictions” (p. 439). This category represents revolutionary 

conceptual change strategies which serve to induce conceptual conflicts and 

dilemmas (Duit, 1995; Tenenbaum et al., 2001, ) and thus lower the status of 

certain conceptions by exploring the unacceptable implications of pupils’ 

ideas, considering experiences which those ideas are unable to explain, or 

point out their inadequacies (Hewson et al., 1998). In order to do so, the 

teacher may make conflicts explicit between sets of ideas in a learner (if he 

holds both), between ideas and discrepant events, or between sets of ideas 

among learners (Scott et al., 1992). This describes a discontinuous learning 

pathway (Duit & Treagust, 1998), as such challenges of pupils’ ideas mean a 
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perturbation of the learner’s perception of a concept’s viability (Farnham-

Diggory, 1994). 

Emphasis is placed on the aspect that the teacher as one member of the 

classroom community has to act according to the rules of science: if she 

challenges a pupil’s idea in the above fashion, she has to do so by using ob-

jective evidence, giving proof for her claim (Scott et al., 1992). The source of 

authority is an explicit standard or rational authority (e.g. appropriateness, 

viability, evidence etc.) and not the teacher’s institutional authority (Hewson 

et al., 1998). In terms of power relationships in the classroom, this is a re-

spectful way to question children’s views (Driver et al., 1994). 

By employing such strategies teachers use and model a specific control 

mechanism for the veracity of ideas: “’viability’ is a quality of one’s (set of) 

constructs; ’reality’ is a source of new stimuli by which to test them” 

(Tenenbaum et al., 2001, p. 93). Such stimuli are provided so that pupils will 

be motivated to develop, modify or where necessary change their ideas and 

views (So, 2002). 

Definition: 

The teacher creates a cognitive conflict, makes the pupils realise a contradic-

tion or a gap in their knowledge by using objective evidence (a rational au-

thority, as opposed to only the teacher’s institutional authority) as support. 

She/he brings the limitations/ flaws of explanations/ conceptions within the 

pupils’ experience. Such evidence can be phenomena or facts, pointing out 

contrasting opinions among the pupils, or common sense knowledge.  

Examples 

A pupil claims that the warm air that one breathes out turns into clouds once 

it is in the surrounding air. T: „Warm air – Dominik – I can make such warm 

air like this, too, look (breathes demonstratively into the air and points to the 

area into which she has breathed): can you see a cloud?” 

S: „Probably the air carries the water upwards.” T: „But then there would be 

waves in the air, like drops of water flying through the air, I could see them. 

But that's not the case.“ 
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(6) Stimulate development of ‘experiments 

Meaning: 

Beyond measures for merely giving the pupils room to experiment, explore 

and discover, this category encompasses teacher actions designed to intro-

duce learners to specific techniques of scientific inquiry. The term inquiry it-

self implies the existence of a question or a problem which needs to be an-

swered or solved, as opposed to being merely behaviourally active by doing 

experiments. It means to give room for finding ways for testing pupils’ ideas 

(Henriques, 1997) experimentally. It thus comprises a conceptual (thinking 

with ideas), metaconceptual (thinking about ideas) and a metacognitive com-

ponent (norms, tools, values, procedures, and ways of talking and thinking of 

the scientific society). 

Pupils are encouraged to participate actively in determining their concepts’ 

viability (Jegede & Taylor, 1995) by asking them to design ways to test their 

presumptions which have been stated before (Smerdon et al., 1999). They 

are explicitly asked to elaborate experimental designs to check hypotheses in 

the light of theory (Gil-Pérez et al., 2002). During this deductive process a 

social negotiation of experiments to be conducted takes place (Jegede & 

Taylor, 1995). Yet the pupils are not seen naively as researchers but rather 

as novice researchers (Gil-Pérez et al., 2002), which means that the teacher 

as the expert researcher is present to support this process, making epistemo-

logical features of the science culture explicit (Driver et al., 1994). 

Definition: 

The teacher asks the pupils to find ways to verify an assumption/ prediction/ 

hypothesis experimentally. The teacher calls upon the pupils to develop (or 

participate in the development of) a set-up for an experiment.  

Examples 

(T. reads instructions for a task from worksheet to the class): „Lisa claims 

that there is water in the air around us. How can she prove that she is right? 
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(7) Make clear : presumptions call for validation –  encourage validation 

Meaning: 

The teacher actions in this category are based on the notion that knowledge 

is constructed through adaptation of and to the experiential world, and that 

therefore the learning environment must enhance continual adaptation of 

learner’s mental schema to experiential environment via interaction 

(Tenenbaum et al., 2001). Those actions serve two closely interrelated pur-

poses: On one level – we may call it the hands-on/ minds-on level – they en-

courage pupils to put their ideas to test and disprove or prove what they think 

is correct. In doing so, they participate actively in determining their concepts’ 

robustness and viability (So, 2002; Jegede & Taylor, 1995; Henriques, 1997; 

Hewson et al., 1998). Through such actions the teacher takes a more consul-

tative role, as she/he does not express opinions in some situations (Scott et 

al., 1992), but refers the pupils to primary sources of data, asking them to 

employ reality as a source of stimuli by which to test their concepts 

(Tenenbaum et al., 2001). 

On a second level – we may call it the metacognitive or socio-cultural level – 

such actions once again aim at modelling and explicitly stating yet another 

epistemological feature of the scientific community, which marks a difference 

between commonsense reasoning and scientific reasoning (Driver et al., 

1994, Widodo, 2004). 

Parallel to those two levels, the expected results of such actions are twofold: 

One is the assumption that those experiments will require the formation of 

new hypotheses and the reorientation of the research, in other words provide 

stimuli for conceptual development and change (Jegede & Taylor, 1995; So, 

2002; Gil-Pérez et al., 2002). The other is aim is the enculturation of pupils 

into scientific thinking, the formation of metacognitive skills and minds tools 

which are specific for the science culture (Driver et al., 1994; Widodo, 2004; 

Hewson et al., 1998; Reinmann-Rothmeier & Mandl, 1998). 

Definition: 

1. The teacher prompts pupils to translate their ideas about how an assump-

tion can be validated into action.  
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2. The teacher makes the pupils realize, that a presumption or hypothesis 

needs to be checked for validity in order to be accepted as true. The teacher 

makes clear that a certain presumption has to be verified (often called ‘trying 

out’). 

Examples 

„We could try this out, your experiment, right? If I can find a rubber band and 

some film, we can of course try it out tomorrow. 

„Now, here we have three suppositions, which we will check now. 

„I think we should simply try that out, right? We repeat the experiment and 

then observe what happens.” 

 

(8) Stimulate transfer and use of analogies 

Meaning: 

This category represents teacher actions that acknowledge the notion of 

learning as a situated, context-dependent process. It encompasses actions 

that address two facets of this notion. One facet is the use of analogous 

situations, events, objects or phenomena for raising the status a learner as-

signs to a certain concept within a given context by extending the concepts’ 

usefulness or fruitfulness in explaining similar events (Scott et al., 1992; 

Hewson et al., 1998). The more single events or previous experiences can 

be subsumed under or explained consistently by a model, the higher its 

status in this given context. 

A second facet is that of multiple manifestations: students gain transferability 

by seeing multiple manifestations of the same interpretations in different con-

texts (Gerstenmeier & Mandl, 1995; Black & McClintock, 1995; Reinmann-

Rothmeier & Mandl, 1998). As learning is deemed a context-related process, 

it is necessary to decontextualise new knowledge by applying it to new con-

texts. This includes for example the aspect of bridging between the contexts 

school and everyday-life (Reinmann-Rothmeier & Mandl, 1998). 

The teacher encourages the pupils to consider whether two situations are 

analogous or not (anchoring, Hewson et al., 1998), to apply the new knowl-

edge in a variety of situations to deepen and consolidate it (Gil-Pérez et al., 
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2002), or to apply the newly constructed ideas and discuss its applications in 

different real life contexts (Widodo, 2004).  

Definition: 

The teacher prompts pupils to apply a newly learned concept/ an idea/ an 

explanatory model to different (poss. everyday life) situations and contexts. 

The teacher invites the pupils to give examples (poss. from their everyday 

life) and to create analogies between events. She/ he encourages the pupils 

to try to subsume different observations/ experiences/ experiments/ exam-

ples under one concept that can explain them all. The teacher stimulates 

transfer and application of one concept (or idea) to different events. 

Examples 

„That’s a good example – maybe somebody else has another example, let’s 

collect them.” 

„Maybe you have already seen something like this somewhere?” 

„Please always try to draw a comparison to this (points to the experiment set 

up in the middle of the circle of seats).“ 

„And now I come back to the original question, can we now explain why it 

rains? Maybe the experiments we did will help us here.” 

 

„Teacher – transmission of information”: teacher ac tions that aim at the 

direct transmission of ready-made knowledge 

Meaning: 

The following eight categories represent particular aspects of the theoretical 

construct which is defined as Teacher actions that aim at the direct transmis-

sion of ready-made knowledge and are thus based on a shared theoretical 

background.  

In contrast to the above described categories of Teacher – fostering con-

struction processes the following categories were not derived from literature 

on a certain theory of learning translated into guidelines for instruction 

through instructional design theory and then operationalised. They were 

taken from literature on classroom research, which was rather descriptive in 
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nature and served to assess features of actual classroom actions as could be 

observed (c.f. Lemke, 1990; Mehan, 1979; Mishler, 1975)  

What in the context of this study is labelled transmission of information 

comes under different names in the international literature. Researchers 

speak of controlled or silent classrooms (Alpert, 1987), consuming ready-

made knowledge (Scott et al., 1992), direct instructional strategies (Jegede & 

Taylor, 1995), didactic teaching (Henriques, 1997, So, 2002), transmissive 

teaching (Gil-Pérez et al., 2002) or traditional/ behaviouristic instructional 

strategies (Smerdon et al., 1999, Reinmann-Rothmeier & Mandl, 1998).24 

Underlying assumptions of such an approach to science teaching are the 

view of students as empty slates upon which knowledge can be etched (Hen-

riques 1997) and an objectivist notion of a body of scientific knowledge or 

truth that exists “out there” independently from the learner and is transferred 

into the body via the (objective) senses (Lorsbach & Tobin, 2000). Conse-

quence of this is a distribution of roles in the learning-teaching process that 

defines the teacher as purveyor of unquestionable wisdom and he students 

as almost passive receptors of the scientific facts or truth (Gerstenmeier & 

Mandl, 1995; Mandl, 2004; Smerdon et al., 1999). 

Science is seen as a search for truth with an objective mind which is sepa-

rate from cognitive processes such as imagination, intuitions, values, feel-

ings, and beliefs rather than an act of making sense of phenomena 

(Lorsbach & Tobin, 2000; Scott et al., 1992). Knowledge as a property which 

can be passed on needs to be highly structured, systematized and well ex-

plained in order for the students to ‘get it’: “Teaching is telling and learning is 

remembering” (Beeth et al., 1996, p. 22). Teachers disregard students’ 

knowledge and assume that students cannot develop their knowledge about 

issues and concepts (Jegede & Taylor, 1995). They behave in a didactic 

manner, presenting and disseminating information to students, which is likely 

to lead to an accumulation of bits of information (Hewson et al., 1998). The 

                                            
24 On the relationship constructvist – direct instruction: an interactive-constructivist approach 
does not necessarily ‘rule out’ direct instruction embedded in a natural context of need 
(Henriques, 1997). 
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lecture method is a common tool: students listen to the teacher lecture, copy 

the teacher’s notes, and watch a teacher demonstrate an experiment 

(Smerdon et al., 1999). Even if lab work takes place, the teacher maintains a 

high degree of control, both of the classroom management and of the way 

that students learn; learner involvement is typically low (So, 2002). 

In the following paragraphs, each category is related to the theoretical as-

pects of the teaching/ learning process that it represents (‘meaning’) and 

definitions and examples from the coders’ workbook are given. 

 

(1) Reject or doubt pupil’s contribution (based on teacher’s institutional 

authority) 

Meaning: 

One typical method for maintaining control over learning pathways during 

teacher-learner talk are the so called IRE-sequences where questions (initia-

tions) from the teacher, which mainly ask for factual recall on the students’ 

part, are followed by a (correct or wrong) response from a learner and a 

prompt evaluation by the teacher. Usually this evaluation is given in terms of 

correct or wrong. The teacher does not need to present evidence for his re-

jection of a pupil’s answer as wrong, but it is sufficient to rely on his institu-

tional authority (Jegede & Taylor, 1995). In this category, the teacher’s 

evaluation signals doubt. It signifies that the answer – though maybe factually 

correct – is not the one the teacher expected to hear. This teaching move is 

often used if the teacher wants to hear a specific term as an answer: the 

terms delivered by the students are nor incorrect, but not the one. Such re-

jection of answers, ideas and assumptions is a strong indicator for what 

Beeth et al. (1996) call authoritative discourse. 

Definition: 

The teacher turns down a pupil’s contribution on the topic (possibly a pre-

sumption) by stating verbally or by means of gestures and facial expressions 

that she judges this utterance as not quite correct or inappropriate. She 

doubts the statement or parts of it. She/ he passes these judgements based 

on her/ his institutional authority as the teacher (as opposed to giving proof 
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for it, based on rational authority). The teach makes clear that the statement 

was not the answer that she/ he expected/ wanted to hear/ bears in mind. 

Examples 

„Yes, but what else could it be?“ 

 „That does not really fit here, does it?“ 

„Yes, no, it’s still something different.” 

„I do not really believe that.“/ “No, I don’t think so.” 

„Mhm ....“ (tilts her head from side to side, frowning) 

„Yes, but there’s yet another way of saying it ...“ 

 

(2) Judge pupil’s contribution as ‘wrong’ 

Meaning: 

This category is very closely related to the one before, yet even stronger in 

terms of the teacher’s rejection of the pupils’ contributions. The evaluation of 

the IRE cycles is a clear judgement of the (in) correctness of an answer. 

Again, the teacher does not need to present evidence for his rejection of a 

pupil’s answer as wrong, but it is sufficient to rely on his institutional authority 

(Jegede & Taylor, 1995). Such teaching moves are unfit to promote learners’ 

thinking, as “three to five corrections of this kind appear sufficient to defeat 

the students’ initiative for search and the flow of their exploration.” (Perry, 

1970, p. 211f) 

Definition: 

The teacher explicitly judges a pupil’s contribution as incorrect. She/ he 

passes this judgement based on her/ his institutional authority as the teacher 

(as opposed to giving proof for it, based on rational authority). 

Examples 

„No, that’s not correct.” 

„That’s still a little bit wrong.“ 

S: „The water goes into the sky.“ T: „Ah, not into the sky.“ 
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(3) Explain content/ give correct answer (poss. by using mental model) 

Meaning: 

In mainly direct-instructional classroom settings, verbal interactions serve to 

hand down knowledge from the teacher to the pupils, to tell the science ‘truth’ 

or facts, to impose community knowledge on neophyte learners (Jegede & 

Taylor, 1995). The expected goal of this teaching is that the learners produce 

for themselves true representations of the reality which the teacher reveals to 

them (Beeth et al., 1996). Again, the aim is not the process of making sense 

of events is, but the transmission of ready-made knowledge (Scott et al., 

1992, Hogan et al., 2000). Learners are supposed to accept their teachers’ 

explanations, and in the end, they will wait for the authority (the teacher, the 

textbook ...) to give the right answer. 

Definition: 

 (1) The teacher explains content (facts, processes, phenomena, answers to 

questions etc.) to the pupils. In form of tips / hints, the teacher explains solu-

tions to problems. The teacher gives the ‘correct answer’ to a question that 

the pupils were unable to answer appropriately. The teacher gives the chil-

dren mnemonic phrases that are not derived from the pupils’ thoughts an 

ideas, which contain new terms (i.e. terms that have not yet been talked 

about). 

(2) The teacher talks to the pupils about a mental model/ abstract representa-

tion (e.g. the particle model), which shall help them to understand (mentally 

represent) physical processes. The teacher explains such a model to the pu-

pils. 

Examples 

„If you are to understand this, we need to clarify something else first: in the 

air around us there is actually also water which is invisible.“ 

„That’s too difficult, I’m going to tell you what it is.“ 

„The water warms, the air warms too, of course, and when the water warms, 

tiny water particles come off the surface of the water. They are so tiny, that 

they …” (makes upward circling motions with her hand) 

„You can picture them as tiny water particles, and they ...“ 
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(4) Demand catchword/ use pupils as stopgaps 

Meaning: 

This category deals with the delicate issue of the narrowness of teacher 

questions. It essentially records known-information questions from the 

teacher (Mehan, 1979). Such questions only allow for a very restricted num-

ber of possible correct answers from the learners, probably only one answer, 

which the teacher already has in mind. The learners have to meet the 

teacher’s expectations by delivering the expected answer(s). Very often, this 

effort consists of a series of trial responses (Mehan, 1979) from the learners. 

During the question and answer sessions that result, the learners aim can be 

seen as the accumulation of enough points by correctly stating facts in a 

manner acceptable to the teacher (Beeth et al., 1996). 

Definition: 

The teacher demands particular terms from the pupils, which she already has 

in mind. The teacher demands particular catchwords – she/ he expects to 

hear a particular answer. Those questions are characterised by a search for 

the correct answer; in addition, they can usually be answered with one word. 

Often the teacher keeps on asking the same question until he hears the par-

ticular answer she/he had in mind (poss. by using rhetorical questions). 

Examples 

„...and what is it that rises from the pot?“ 

 T: „...and then it begins to…?“ class: „rain.“ 

T: „What did I call them – not water droplets but water...?“ S: „particles.“ 

T: „Who can repeat this once again before we begin? Simon.“ S: „First we 

have to read it carefully, then write down our presumption, then do the obser-

vation and then write it down.” T: „Right, and shall you do it on your own?“ S: 

„No, with a partner.“ T: „Right, and what shall you do first?“ S: „The presump-

tion.“ 

T: „What was the water like before, when you put it on the plate?“ S: „Wa-

tery.“ T: „Watery?“ S: „Wet.“ T: „Hmm, another word for watery and wet?“ S: 

„Damp. “ T: „Another word?“ 
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8.4.3  Pupil actions 

„Pupils – active construction“: pupil actions that indicate conceptual 

development processes (development, elaboration, re structuring) 

Even if the teacher creates a learning environment that is meant to foster the 

active construction of knowledge by the learners, the created setting can only 

be called constructivist if the learners perceive it as such and make use of 

the options they have (Gerstenmeier & Mandl, 1995). So in order to assess 

the learners’ side of the classroom actions, the following set of categories 

was created. 

The categories aim at identifying what can be labelled epistemic operations 

(Simon et al., 2002a) or cognitive activity (Klieme & Thußbas, 2001). The 

learner’s cognitive activity is regarded as a crucial prerequisite for learning 

through understanding (Baumert, Blum, & Neubrand, 2002). Although the 

term is yet waiting for clear definition and is until now only contoured by the 

measures necessary to stimulate such cognitive activation (Klieme et al., 

2001; Clausen, 2002; Hugener, Pauli, & Reusser, 2007), we can say that, in 

a nutshell, it happens when learners set their inner apparatus of creating, 

integrating and restructuring conceptions into motion. This is defined to hap-

pen when learners are presented with challenging tasks, when their prior 

knowledge is asked for, when the teacher probes into the learners’ under-

standing and reasoning, when cognitive conflicts are triggered, and when 

opportunities for self-determined problem-solving are offered (Hugener et al., 

2007). 

Now, the difficulty is obvious: to derive such internal cognitive activity from 

external actions via functional analyses25. The issue of interpretation set 

aside, the problem remains that internal activity – although existent – goes 

unrecorded by the observer. 

Yet with this in mind, it is still possible to determine whether learners do at all 

respond to the stimuli presented by the teacher. Klieme and Thußbas (2001) 

for example describe cognitive activity as challenging, understanding and 

                                            
25 For further clarification of functional analyses see the model ‘Rhetorical Functions’ by 
Toulmin (1969), put to use in their investigations by e.g Schwarzkopf (2001) and Simon et al. 
(2002a). 
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active learning which can be recognised by certain features, for example that 

learners can present their previous knowledge, that learners themselves 

make claims about content, and that the learners give different possible solu-

tions to a problem. 

As the intention of the pupils’ categories is to find out whether the learners 

make use of the teacher’s impulses, the following categories were created to 

match those teacher categories that assess actions that promote cognitive 

activity. An exception is the first category, describe. It does not have the 

same status as the other categories in terms of displaying cognitive activity, 

but was assessed nonetheless to serve as a baseline referent for a more 

general kind of learner participation. Field pre-tests showed that such activity 

is – especially on the primary level – a goal of science instruction itself and 

should not be completely dismissed from analyses, although in terms of cog-

nitive activity a different weight has to be ascribed to this category. 

 

(1) Describe 

Meaning: 

The accurate description of actions, processes and observations is a crucial 

element in science learning. It serves to gather information that can later be 

combined to create new insight into the underlying mechanisms of the ob-

served phenomena. 

Definition: 

Procedural: The pupils describe the actions that they carried out. They re-

main in the realm of describing acts and procedures, without mentioning/ de-

scribing something they experienced/ observed. 

Content-related: The pupils describe observations, processes. They describe 

obvious, visible facts. They remain in the realm of describing/ reproducing 

information without getting involved in thoughts about explanations, reasons 

etc. 

Examples 

„Well, first we fetched the material, and then we tried it out, the experiments, 

but we didn’t get to finish writing the explanation. 
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„We went to get the material, and then we tried the experiment, and then we 

wrote it all down, the explanation. 

S (reads notes that she took during the group work): „The plate on the win-

dowsill is cold. The water on the heater has evaporated. The water in the 

glass has also evaporated.” 

„In the second experiment, the one with the candle, where we had to hold the 

glass over it, the glass got all misted-up. ” 

 

(2) Explain/ interpret (poss. with rationale) 

Meaning: 

One feature of a constructivist-oriented learning environment is that the 

learners are allowed to express their ideas, their previous knowledge and 

preconceptions, and to argue for their ideas. If there is a phenomenon at 

hand which needs to be explained, a question which needs to be answered 

or a problem to be solved, it is the learners who attempt to contribute to this 

by stating their experiences and opinions, by making knowledge claims and 

backing them up with data (Simon, Erduran, & Osborne, 2002b). 

Definition: 

 (1) The pupils explain/ interpret a phenomenon/ fact/ situation/ process 

based on their current conceptions/ ideas/ knowledge. The pupils give their 

view on how this fact, process, or phenomenon occurs or works. They may 

use analogies or cite observations. 

 (2) The pupils give reasons for the views they hold, for the explanations they 

have. They back up their interpretations, give reasons for their opinions or 

assumptions, or give proof for their claims. They may use analogies, exam-

ples, observations, other people’s opinions etc. 

Note: Usually (1) and (2) are almost inseparably entwined; interpretations 

and explanations are delivered with a reason right away, or it is hard to dis-

tinguish whether the function of a statement is to explain or to back up an 

explanation. Sometimes pupils use previous interpretations as rationale for 

new claims. 
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Examples 

Such statements occur either from the pupils’ own initiative or may be 

prompted by stimuli from the teacher, e.g. „How can this be explained?“ or 

„Do you have an idea how it works?“, „Does anybody have an idea why this it 

is this way?“, or „Why do you think so?”. 

„I think I know why it rains. It rains so that the plants can grow, and when the 

plants have grown, their leaves produce oxygen. So it rains so that people 

can breathe.” 

T: „What happened to the water? Who can explain or try to explain?“ S: „I 

think that because it was on the heater the water sizzled a little bit, and that’s 

how it became less.” 

T: „What do you think happened to the water? Who can try to explain?” S: 

“The water on the yellow plate evaporated, and on the green plate it’s also a 

little bit less, but there is still some left, because on the heater it is warmer 

than out in the hall.”  

„But maybe, when you put in on the radiator, and the radiator is warm, that 

the water goes down a bit, that it melts, like, because we had a fire, and 

that’s also hot, and then we had spoons with little figurines in them and they 

melted, too.” 

„That’s exactly like when you’re cooking. When you put water on to boil on 

and turn on the stove, there is also steam that rises up, that’s also hot water.”  

T: „Emilie just said, well the mirror, if it’s outside all the time and then it’s 

taken inside, outside it’s misted-up, and when you bring it inside …” S (inter-

rupts): “Yeah, because outside it’s cold, that’s just like in the refrigerator!” 

 

(3) Make prediction 

Meaning: 

This category encompasses pupils’ utterances of predictions concerning the 

possible outcome of an experiment. As one of the tools of the process of in-

quiry in which learners are to be engaged (Hewson et al., 1998), those 

checkable assumptions serve two purposes: to acuminate the underlying 
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conceptions the learners have about a phenomenon, and to submit those 

conceptions to experimental and group scrutiny. 

By making such a prediction, the learners make a move towards testing their 

ideas’ robustness in accounting for events (So, 2002; Gil-Pérez et al., 2002). 

Definition: 

The pupils think hypothetically, speculatively, predicatively: they make as-

sumptions about events that lie in the future or fictitious events (“What would/ 

will happen if …”). They make predictions e.g. about a process or about the 

outcome of an experiment, based on their current conceptions, knowledge, 

and ideas. 

Examples 

Such statements occur either from the pupils’ own initiative or may be 

prompted by stimuli from the teacher, e.g. “What do you think will happen?”, 

“What if I took the flame away?”, “What would have happened if we hadn’t 

put any film on the opening?” 

T: „What would happen if I put some water on the yellow plate and the same 

amount of water on the green plate, and then I put the yellow plate on the 

table over there (points towards the back of the classroom) and the green 

plate out in the hall?” S: Maybe the yellow plate will evaporate, because in 

here, well – eh – in here it’s warmer than outside, outside in the hall it’s cold.” 

S: „If you leave the yellow plate inside and put the green one outside, almost 

the same amount will evaporate, only here (points at the yellow plate) it 

evaporates more quickly, because outside there is the door, and when it’s 

open, outside it’s colder and if it’s wet outside, then there (points at the green 

plate) is more water.” 

 

(4) Utter perception of dissonance (unsubstantiated ) 

Meaning: 

Being cognitively active means to make use of one’s knowledge. Construct-

ing meaning includes checking new information against previous knowledge. 

If such new information is inconsistent with previous knowledge, this should 

cause a disturbance that the learner perceives as an issue that needs further 
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clarification, either because it somehow contradicts their earlier experiences 

or because additional information is needed to bridge the perceived gap be-

tween previous knowledge and new information. 

Definition: 

The pupils utter a feeling of doubt, which is vague, i.e. not substantiated by 

evidence or concrete reasons. The pupils remark that they do not understand 

a certain fact/ phenomenon/ process/ statement and thus show that they 

have detected a dissonance between statements (or between a statement 

and their own state of knowledge/ ides) or a gap in their own knowledge 

Examples 

S (on the fact that the water from the yellow plate has ‘gone’, evaporated): 

Where does – if the yellow one is empty, then where did it [the water] go?” 

„Can water fly, or what?“ 

„I want to say something about the radiator. Is this (points at the steaming 

aroma lamp) the same as with the radiator – with its candle?” 

„I have a question. If you fill a plate with water and then you put another 

turned-around plate on top of the plate and then put it on the radiator, will it 

evaporate – does it become steam or does it stay inside or does it get out?” 

 

(5) Question contributions (with rationale) 

Meaning: 

Similarly to the previous category (“Utter perception of dissonance (unsub-

stantiated)), this one records incidents during which learners perceive a con-

flict between new input and existing knowledge. This process is taken one 

step further as the learners can actually name the source of the discrepancy 

and further substantiate it. Toulmin (1969) calls this a rebuttal: a statement, 

observation idea etc. is rebutted and this rebuttal explicitly substantiated by 

data or a warrant (see also Schwarzkopf, 2001 and Simon et al., 2002a). 

Definition: 

The pupils point out a contradiction (between facts/ statements/ observations 

etc.), a discrepancy, a difference of opinion, or a gap in their knowledge by 
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using objective evidence like different opinions, observations etc. as support. 

They give concrete rationale for their doubt/ disagreement, poss. they give 

counter arguments. They question the validity of statements based on con-

crete reasons. 

Examples 

„That’s exactly the opposite of what André has said.“ 

„But I have a question. If – but the water cannot go away, because there is 

no radiator under the table out in the hall.” 

„Manuela does not want to believe it, but I can prove it, because my aunt got 

a new stove, and then she took a small cup and put water inside and the she 

put it on the stove and then it dried out really quickly.”  

S (addressing a pupil who had before claimed that the water that has disap-

peared, has trickled away through the plate): “I have a question for Markus: If 

the water had really gone down through the plate, then the floor beneath 

would have been all wet.”  

 

(6) Develop ‘experiments’ 

Meaning: 

Learning science means more than learning the facts of science, it means 

becoming scientifically literate (Fischer, 1998; Marquardt-Mau, 2001). The 

term scientific literacy includes identifying scientific issues, understanding 

basic scientific concepts, using scientific ways of working and thinking, and 

critically reflecting the possibilities and limits of scientific realization 

(Deutsches PISA-Konsortium, 2000; Gräber & Nentwig, 2002) 

Such a scientific way of working and thinking – such a scientific tool – which 

should become part of the learners procedural knowledge is to conduct ex-

periments with certain assumptions about the outcome. 

Definition: 

The pupils search for means and ways to verify an assumption/ prediction/ 

hypothesis experimentally. The pupils develop (or contribute to the develop-

ment of) a set-up for an experiment.  



  142 

Examples 

Such statements occur either from the pupils’ own initiative or may be 

prompted by stimuli from the teacher, e.g. “How could we find out?”, “Could 

we do an experiment which shows this?”, or “Do you have an idea how we 

could investigate this?” 

T (reads instructions for a task from worksheet to class): „Lisa claims that 

there is water in the air around us. How can she prove that she is right? S: 

„She only has to put some film over the opening of a container and fix it with 

a rubber band and then warm the air inside and then – eh – then when it 

touches the cold sides of the container and then it turns into water again.” 

„I think we should simply try that out, right? We repeat the experiment and 

then observe what happens. Because in the case of the radiator it already 

seems to be clear to you, right? Radiator, it’s warm, the water disappears 

very quickly. So now we have to see what will happen without a radiator un-

derneath.” S: But then you have to put that (points at the water which is left 

over on the plate from the previous experiment) away first.” 
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9 Results 

This chapter reports descriptive results on the instructional organisation of 

the lessons in the sample and results for tests on group differences concern-

ing the frequency of teachers’ and pupils’ actions. The hypotheses will be 

recalled in detail as necessary for the individual categories at the beginning 

of the sub-chapters. 

 

9.1 Instructional organisation 

This chapter presents the description of instructional organisation and the 

group comparison of the proportion of time spent on instructional whole 

group talks on the topic. 

In advance, teachers were given rough guidelines for their lesson plan (see 

chapter 7.3). To ensure comparability of the lessons, teachers were asked to 

show a lesson that should include phases of introduction, working on tasks, 

and summary or evaluation. The guidelines did not define the sequencing of 

phases, additional phases, length, order, or content. The classroom environ-

ments now do indeed have similar structures in terms of the implementation 

of phases and of hands-on elements, as the following table shows. 

 

Table 16. Implementation of phases in persons by groups and sample 

phases of instruction  

revision 
introduc-

tion 

working 
on 

tasks 

summing 
up practice other 

hands-
on 

EG 
(N = 14) 4 14 14 14 3 14 13 

CG 
(N = 14) 6 14 14 14 2 14 13 

sample  
(N = 28) 10 28 28 28 5 28 26 

 

Obviously, all teachers have implemented phases of introduction, working on 

tasks, and summing up. In addition – and this was not predetermined by the 

guidelines – all teachers (with the exeption of two teachers – one in each 
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group) have created hands-on activities for their pupils. Both revision and 

practice fall short: only 10 resp. 5 teachers include such phases in their les-

son. 

This leads to the question how much time the teachers spent on the different 

phases, i.e. in how many percent of all time-slots the different phases were 

observed, and how much time they conceded to hands-on activities.  

 

Table 17: Descriptive statistics for phases and hands-on time of total time spent on 

work on the actual topic (instructional organisation) 

Category Group mean SD Range min - max 

hands-on time 38,07 19,102 76,2 0 – 76,2  
revision 1,07 2,182 9,1 0 – 9,1 
introduction 21,74 14,81 54,7 4 – 58,7 
working on tasks 41,95 15,764 55,7 20,5 – 76,2 
summing up 25,16 12,625 61,3 5,7 – 67 
practice 3,28 8,769 35,6 0 – 35,6 
other phase 6,79  3,717 18,9 1,5 – 20,4 

 

The above variables are rather unevenly distributed, as the standard devia-

tion and range values show. We find a big range of values in the hands-on 

category, and the three categories of phases that are of main interest in this 

study – namely introduction, working on task an summing up – show similarly 

big ranges. This is true for the whole sample as well as for the EG and CG 

separately, as one can see in the two figures below. The first 14 cases are 

EG, the second 14 are CG: 
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Figure 7: Case values for whole sample: proportions of phases 

 

 

Figure 8: Case values for whole sample: proportion of hands-on activities 

 

We can now summarise that the teachers all implemented the phases they 

were asked to include (introduction, working on task, summing up), that most 

of the teachers implemented hands-on activities on their own accord, but that 
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the duration of phases and activities differ strongly throughout the sample. In 

addition, teachers differ just as strongly in implementing additional phases 

like repetition and practice. 

 

To check the hypothesis that teachers in the EG spend more time on instruc-

tional whole group talks on the topic than teachers in the CG, a T-Test was 

calculated to compare group means (the data met the criteria for parametric 

analyses). The sequences included in this analysis contained talk about the 

introduction or preparation of tasks beforehand as well as talk about the out-

comes of tasks afterwards. A significant difference with a medium effect in 

favour of the EG was found as expected, showing that teachers in the EG 

spend an average of about 50% of their instructional time on such whole 

group talks, about 10% more than teachers in the CG. 

 

Table 18. Group-means and results of the T-test for the proportion of time spent on 

instructional whole group talks 

Category 
EG 

mean 
(SD) 

CG 
mean 
(SD) 

signifi-
cance 1-
tailed a 

trend 
(middle rank/ 
mean value) 

db 

instructional whole 
group talks 

49,45 
(11,8394) 

39,614 
(15,6252) 

t= 1.879 
p<.05 

EG > CG 
(49,45>39,614) 

.71 

Note. a by means of bisection of two-tailed significance, rounded.b effect size (ES): 

difference between group means divided by standard deviation of sample 

 

9.2 Group comparisons: Teacher – fostering construc tion proc-

esses 

This chapter presents group comparisons for the categories in Teacher – 

fostering construction processes (i.e. the teachers’ actions that promote con-

ceptual development. During the subject matter oriented module (SMM, sub-

module 2) and the Research on Learning Module (RLM, sub-module 1) the 

students first experience their own, then plan, investigate, and evaluate pu-

pils’ individual learning processes in constructivist-oriented learning environ-

ments. Thus the teachers in the EG should show more frequently actions 
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which aim at the promotion of pupils’ conceptual development (that is the 

active development, elaboration, and restructuring of concepts): 

 

Table 19. Detailed hypotheses: teacher actions that foster conceptual development 

EG > CG assumed for 
• Encourage to give explanations/ interpretations 
• Request rationale 
• Request clarification/ illustration 
• Encourage to make predictions 
• Stimulate development of ‘experiments’ 
• Stimulate transfer and use of analogies 
• Create cognitive conflict (using objective evidence) 
• Make clear: presumptions call for validation – encourage validation 

 

To investigate teachers’ actions that aim at fostering the active (re-) construc-

tion of conceptions, two different data-selections were analysed. First – as for 

all other categories of the video-analysis – all time-slots were selected that 

include topic-related instructional whole-group talks + topic-related teacher 

instructions to the whole group. A second selection of all those time slots 

which show the whole lesson-time that was spent on topic-related instruction 

was analysed to assess the teachers’ promotion of conceptual development 

during individualised phases (e.g. group work, learning circus etc.). In both 

cases, the frequency of time-slots in which a certain action was observed 

was calculated and expressed in relation to the total number of analysed 

time-slots. 

 

Analyses based on content-related whole group talks  

For this aspect of the analyses, sequences with the following characteristics 

were chosen: 

- ongoing content-related instruction (used as learning-time) and  

- topic-related instructional talk with the whole class is taking place 
or  the teacher is giving topic-related directions to the class as a 
whole (topic-related instructional talks (whole group) or topic-
related teacher directions to whole group) 
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A descriptive comparison of group means for EG and CG (see figure 9) 

shows a superiority of the EG in four respects: 1) they encourage pupils more 

often to express their ideas and explanations; 2) they stimulate more often 

transfer and the use of analogies; 3) they make more use of strategies that 

induce cognitive conflicts; and 4) they put more emphasis on the necessity to 

validate hypotheses. 

On the other hand, the CG shows a more frequent call for making predictions 

and requests for clarification of pupils’ ideas and explanations. The numbers 

on the stimulation of the development of experiments and requests for ra-

tionale for pupils’ explanations are evenly distributed in CG and EG: 

 

Figure 9. Descriptive comparison of group means for CG and EG 
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Some categories do not meet the criteria for multivariate analyses – for 

those, results were calculated using non-parametric statistics. The following 

chapter presents results of single factor MANOVAs with fixed factor group 

and of significance testing for differences of group means using non-
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parametric U-tests. Since directional hypotheses are tested, the exact two-

tailed significance is bisected, taking into account the trend of the differences 

between group means. The accumulation of the alpha-error for the seven 

tests is adjusted using Holm’s correction26; only the corrected significances 

are reported here. 

In this subset, only the categories Encourage to give explanations/ interpreta-

tions + request rationale + request clarification/ illustration and Encourage to 

make predictions meet the criteria for multivariate analyses. Since the direc-

tional hypotheses tested have the same direction, one MANOVA is calcu-

lated for both together. The MANOVA (F(2, 25) = 1,975) does not show a 

significant result; yet the variance explained by the factor group comes to 

approx. 14%. 

Because of the small sample, post-hoc tests (Tukey-HSD) were calculated 

for both categories despite the non-significant MANOVA result. These show 

that the explained variance can be attributed to an effect in the category En-

courage to give explanations/ interpretations + request rationale + request 

clarification/ illustration. The corresponding Tukey-test is not significant 

(p=.053), but the medium effect of d=.77 hints to a trend in favour of the ex-

perimental group. No difference shows for the category Encourage to make 

predictions. 

 

                                            
26 The adjustment of the cumulated alpha-error (acc. to Holm) was done for a total number of 
7 tests, because the 5 tests in the subset “Teacher – fostering construction processes” and 
the 2 tests in “Teacher – transmission of information” refer to the same data sample. All 
these categories have to be regarded as closely interrelated, therefore the Holm-adjustment 
must be judged a conservative measure. The three tests in the detailed analysis of the ag-
gregated category Encourage to give explanations/ interpretations + request rationale + re-
quest clarification/ illustration were not included in the number of tests to be adjusted for, 
because they are situated on a different level of analyses. 
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Table 20. Group-means and results of statistical analyses for the category-subset 

Teacher – fostering construction processes 

Category 
EG 

mean 
(SD)  

CG 
mean 
(SD) 

η² group  significance 
(p) db 

encourage to give 
explanations/ inter-
pretations + request 
rationale + request 
clarification/ illustra-
tion 

8,386 
(3,2642) 

6,064 
(2,7787) ,136 n.s. .77 

encourage to make 
predictions 

1,264 
(1,2326) 

1,564 
(1,529) ,012 n.s. .22 

Note. Cumulative alpha-error adjusted according to Holm for 7 tests. 
b effect size (ES): difference between group means divided by standard deviation of 
sample 
 

The categories Stimulate transfer and use of analogies, Create cognitive con-

flict (using objective evidence), Stimulate development of ‘experiments’, and 

Make clear : presumptions call for validation – encourage validation do not 

meet the criteria for multivariate analyses due to their distribution; results on 

group differences were calculated using Mann-Whitney U-tests. 

A highly significant group difference shows for Make clear: presumptions call 

for validation – encourage validation; on average the EG shows more often 

actions in this category.  

The tests for the categories Stimulate transfer and use of analogies, Create 

cognitive conflict (using objective evidence), and Stimulate development of 

‘experiments’ show no significant differences. Yet in both Stimulate transfer 

and use of analogies and Create cognitive conflict (using objective evidence) 

medium effects show a trend in favour of the EG. The significant result for 

Create cognitive conflict gets lost with the alpha-error adjustment. 

 



  151 

Table 21. Group-means and results of statistical analyses for the category-subset 

Teacher – fostering construction processes 

Category EG 
mean (SD) 

CG 
mean (SD) 

signifi-
cance 1-
tailed a 

trend 
(middle 
rank) 

db 

Stimulate devel-
opment of ‘ex-
periments’ 

0,421 
(1,2503) 

0,386 
(1,0022) n.s. 

CG >EG 
(14,61 > 
14,39) 

.03 

Create cognitive 
conflict (using ob-
jective evidence) 

1,464 
(1,6887) 

0,350 
(0,4637) 

p= ,043; 
after ad-
justment: 

n.s. 

EG > CG 
(17,18 > 
11,82) 

.89 

Make clear : pre-
sumptions call for 
validation – en-
courage validation 

1,107 
(1,055) 

0,171 
(0,3268) 

p=,005 
EG > CG 
(18,50 > 
10,50) 

1.20 

Stimulate transfer 
and use of analo-
gies 

1,807 
(1,8533) 

0,821 
(0,9175) n.s. 

EG > CG 
(16,71 > 
12,29) 

.69 

Note. Cumulative alpha-error adjusted according to Holm for 7 tests. 
a by means of bisection of two-tailed significance, rounded 

b effect size (ES): difference between group means divided by standard deviation of 
sample 
 

Detailed analysis of the aggregated category Encourage to give explana-

tions/ interpretations + request rationale + request clarification/ illustration:  

Table 22. Group-means and results of statistical analyses for the category-subset 

Teacher – fostering construction processes: Detailed analysis of individual compo-

nents 

Category EG 
mean (SD) 

CG 
mean (SD) 

signifi-
cance 1-
tailed a 

trend 
(middle 

rank/ mean 
value) 

db 

encourage to give 
explanations/ in-
terpretations2 

5,714 
(2,8208) 

3,107 
(1,6982) p=,007 

EG > CG 
(18,29 > 
10,71) 

1.12 

request rationale1 
0,564 

(0,5528) 
0,600 

(0,8339) n.s. 
EG > CG 
(0,564 > 
0,600) 

.05 

request clarifica-
tion/ illustration2 

2,114 
(1,4392) 

2,400 
(1,4115) n.s. 

CG > EG 
(15,43 > 
13,57) 

.20 

Note. Cumulative alpha-error adjusted according to Holm for 7 tests. 
a by means of bisection of two-tailed significance, rounded 

b effect size (ES): difference between group means divided by standard deviation of 
sample 
1 calculated with T-Test/ 2 calculated with U-Test 
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A closer look at the individual components of the aggregated category re-

veals that for Encourage to give explanations/ interpretations the respective 

U-Test shows a significant group difference with a big effect of d=1.12. Tests 

for the two other categories – Request rationale and Request clarification/ 

illustration – deliver no significant differences or effects worth mentioning. 

 

Analyses based on the total amount of time of lesso n spent on instruc-

tion 27 

For this aspect of the analyses, sequences with the following characteristics 

were chosen: 

- ongoing content-related instruction (used as learning-time) and  

- the sequences show phases of revision, introduction, working on 
tasks, summing up, or practice. 

 

A first descriptive comparison of group means for EG and CG (see figure 10) 

shows the same superiority of the EG: 1) they encourage pupils more often 

to express their ideas and explanations; 2) they stimulate more often transfer 

and the use of analogies; 3) they make more use of strategies that induce 

cognitive conflicts; and 4) they put more emphasis on the necessity to vali-

date hypotheses. 

Interestingly, the CG’s superiority concerning the call for making predictions 

and requests for clarification of pupils’ ideas and explanations has vanished, 

values are relatively even, as still are the numbers on the stimulation of the 

development of experiments and requests for rationale for pupils’ explana-

tions are evenly distributed in CG and EG: 

 

                                            
27 Only the categories in the subset “Teacher – fostering construction processes” were coded 
during the total amount of time of lesson. 
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Figure 10. Descriptive comparison of group means for CG and EG: Teacher – fos-

tering construction processes 
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Due to their distribution, not all categories met the assumptions for multivari-

ate analyses; in those cases, T-tests and U-tests were used to establish 

group differences. Since the hypotheses tested are directional, the exact two-

tailed significance is bisected, taking into account the trend of the differences 

between group means. The cumulative alpha error for the six individual 

tests28 was adjusted by using Holm’s procedure. Only corrected significance 

results are reported here. 

 

A significant difference between groups was found in the category Make 

clear: presumptions call for validation – encourage validation; teachers of the 

EG showed on average more often such actions in their teaching than those 

                                            
28 As all these categories have to be regarded as interrelated, the Holm-adjustment must be 
judged a conservative measure. The three tests in the detailed analysis of the aggregated 
category Encourage to give explanations/ interpretations + request rationale + request clari-
fication/ illustration were not included in the number of tests to be adjusted for, because they 
are on a different level of analyses. 
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in the CG. Yet it has to be noted that the absolute frequencies are very low in 

both groups. In addition we observe a high dispersion of results in the EG, 

which indicates that the occurrence of such actions is not uniform within the 

group.  

 

Table 23. Group-means and results of statistical analyses for the category-subset 

Teacher – fostering construction processes 

Category EG 
mean (SD) 

CG 
mean (SD) 

signifi-
cance 1-
tailed a 

trend 
(middle rank/ 
mean value)  

db 

Encourage to give 
explanations/ in-
terpretations + 
request rationale 
+ request clarifi-
cation/ illustration2 

7,250 
(3,8346) 

4,714 
(1,9497) 

n.s. 
EG > CG 
(17,25 > 
11,75) 

.83 

Encourage to 
make predictions1 

1,621 
(1,5846) 

1,671 
(1,4360) 

n.s. CG > EG 
(1,671>1,621) 

.03 

Stimulate devel-
opment of ‘ex-
periments’2 

0,314 
(0,7863) 

0,407 
(0,9723) 

n.s. 
CG >EG 
(14,68> 
14,32) 

.11 

Create cognitive 
conflict (using ob-
jective evidence)2 

1,271 
(1,3505) 

0,264 
(0,2898) 

n.s. 
EG > CG 
(18,59 > 
11,96) 

1.03 

Make clear : pre-
sumptions call for 
validation – en-
courage valida-
tion2 

0,700 
(0,6760) 

0,171 
(0,4046) p<.01 

EG > CG 
(17,54 > 
11,46) 

.95 

Stimulate transfer 
and use of analo-
gies 2 

1,107 
(1,3510) 

0,450 
(0,4146) n.s. 

EG > CG 
(16,54 > 
12,46) 

.66 

Note. Cumulative alpha-error adjusted according to Holm for 7 tests 
a by means of bisection of two-tailed significance, rounded 

b effect size (ES): difference between group means divided by standard deviation of 
sample 
1 calculated with T-Test/ 2 calculated with U-Test 
 

All of the other categories either show no significant differences or significant 

results are cancelled out by the alpha-error adjustment for this large number 

of tests. Yet in the categories Encourage to give explanations/ interpretations 

+ request rationale + request clarification/ illustration, Create cognitive con-

flict (using objective evidence), and Stimulate transfer and use of analogies 
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medium or even big effects indicate a trend to a superiority of teachers in the 

EG.  

All categories show very high standard deviations within groups, which indi-

cates a heterogeneousness of both the EG and the CG. An exception to this 

is the category Encourage to give explanations/ interpretations + request ra-

tionale + request clarification/ illustration; in both EG and CG the values are 

not so strongly dispersed, and group means are notably higher than in the 

other categories. No differences at all were found for the categories Encour-

age to make predictions and Stimulate development of ‘experiments’. 

 

Detailed analysis of the aggregated category Encourage to give explana-

tions/ interpretations + request rationale + request clarification/ illustration:  

A closer look at the individual components of the aggregated category re-

veals that while in itself the groups only differ in direction with a medium ef-

fect, the category Encourage to give explanations/ interpretations does show 

a significant difference between EG and CG with a big effect (d=1.00): the 

participants in the EG do more frequently show such particular actions.  

 

Table 24. Group-means and results of statistical analyses for the category-subset 

Teacher – fostering construction processes: Detailed analysis of individual compo-

nents 

Category EG 
mean (SD) 

CG 
mean (SD) 

signifi-
cance 1-
tailed a 

trend 
(middle rank/ 
mean value) 

db 

encourage to 
give explana-
tions/ inter-
pretations1 

4,907 
(2,7159) 

2,664 
(1,6213) 

p<.01 EG > CG 
(2,7159>1,6213) 

1.00 

request ra-
tionale2 

0,557 
(0,6525) 

0,536 
(0,5344) 

n.s. CG >EG 
(14,64 > 14,36) 

.04 

request clari-
fication/ illus-
tration2 

1,871 
(1,3470) 

1,571 
(0,7630) n.s. 

EG > CG 
(15,18 > 13,82) .27 

Note. Cumulative alpha-error adjusted according to Holm for three tests 
a by means of bisection of two-tailed significance, rounded 

b effect size (ES): difference between group means divided by standard deviation of 
sample 
1 calculated with T-Test/ 2 calculated with U-Test 
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Tests for the two other categories – Request rationale and Request clarifica-

tion/ illustration – deliver no significant differences or effects worth mention-

ing. Again, we find rather high standard deviations in all three categories. 

 

 

9.3 Group comparisons: Pupils – active construction  

This chapter presents results of group comparisons of pupil actions that indi-

cate conceptual development processes like development, elaboration, and 

restructuring. It is assumed that the pupils of teachers in the EG, if they are 

more frequently stimulated by their teachers to engage in active cognitive 

construction processes, will more frequently show actions that indicate re-

spective conceptual development processes (that is the active development, 

elaboration, and restructuring of concepts). Pupils of teachers in the EG are 

thus expected to be superior to the pupils of teachers in the CG in the follow-

ing categories of the section Pupils – active construction: 

 

Table 25. Detailed hypotheses for the categories of pupils’ actions 

EG > CG assumed for 
• explain/ interpret (poss. with rationale) 
• make prediction 
• utter perception of dissonance (unsubstantiated) 
• question contributions (with rationale) 
• develop ‘experiments’ 
 
(The category describe will only be used descriptively, but not for finding 
group differences.) 

 

For this aspect of the analyses, sequences with the following characteristics 

were chosen: 

- ongoing content-related instruction (used as learning-time) and  

- topic-related instructional talk with the whole class is taking place 
or  the teacher is giving topic-related directions to the class as a 
whole (topic-related instructional talks (whole group) or topic-
related teacher directions to whole group) 
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The descriptive statistics for the variable Describe shows that group means 

of EG and CG do not differ much, whereas the dispersion of values is higher 

in the CG, indicating that this group is slightly less homogeneous than the 

EG. 

Table 26. Descriptive statistics for the variable Describe 

Category EG 
mean (SD) 

CG 
mean (SD) 

whole sam-
ple 

mean (SD) 

Describe 16,607 
(6,4112) 

15,414 (9,1656) 16,011 
(7,7851) 

 

The descriptive comparison of group means for EG and CG (see figure 11) 

shows, that pupils of teachers in the EG give clearly more explanations for 

phenomena, and reason about their ideas than pupils of teachers in the CG. 

The remaining categories seem relatively evenly distributed, yet on a very 

low level: 

 

Figure 11. Descriptive comparison of group means for CG and EG: Pupils – active 

construction 
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In this subset only the categories Utter perception of dissonance (unsubstan-

tiated) and Explain/ interpret (poss. with rationale) meet the criteria for multi-

variate analyses. Since the directional hypotheses for those variables have 

the same direction, one single factor MANOVA is calculated for both to-

gether. Significance testing (F (2,25) = 5,43104) shows a significant result 

(p= .01); the fixed factor “group” explains approx. 30% of the variance. Post-

hoc analyses show a significant variance between groups for the category 

Explain/ interpret (poss. with rationale), 28% of which are due to the factor 

“group”. Group means show that pupils of teachers in the EG give their ex-

planations for phenomena and/or give rationale for their interpretations in 

about 30% of all time-slots during instructional whole group talks, whereas 

pupils of teachers in the CG show such actions in only 17% of all time-slots. 

The post-hoc analysis for Utter perception of dissonance (unsubstantiated) 

shows an explained variance of 6%, which is not significant. Yet we observe 

a medium effect (d= .49) for a trend in favour of pupils of teachers in the EG. 

Still, the means are low in both groups: In the EG we observe such actions in 

only 0,8% off all coded time-slots, in the CG in even only 0,4%. In addition, 

high standard deviations in both groups indicate a very high heterogeneous-

ness.  

 

Table 27. Group-means and results of statistical analyses for the category-subset 

“Pupils – active construction” 

Category 
EG 

mean 
(SD)  

CG 
mean 
(SD) 

η² group  significance 
(p) db 

Utter perception of 
dissonance (unsub-
stantiated) 

0,843 
(0,9669) 

0,443 
(0,6321) ,061 n.s. .49 

Explain/ interpret 
(poss. with rationale) 

27,779 
(8,4823) 

16,836 
(9,6995) ,280 p<.005 1.20 

Note. b effect size (ES): difference between group means divided by standard devia-
tion of sample 
 

The distribution of the categories Make prediction, Develop „experiments“, 

and Question contributions (with rationale) violate the assumptions for multi-
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variate analyses, therefore between-group differences of means were tested 

using non-parametric U-tests. 

The cumulative alpha error was Holm-corrected for the four single tests that 

were calculated in the subset “Pupils – active construction”. No significant 

differences were found for all 3 variables; yet for Develop „experiments“ and 

Question contributions (with rationale) we find medium effects for a trend in 

favour of pupils of teachers in the EG. However, admittedly group means 

again show that such actions are very rare events and that their frequency of 

occurrence varies much within both groups. 

 

Table 28. Group-means and results of statistical analyses for the category-subset 

“Pupils – active construction” 

Category EG 
mean (SD) 

CG 
mean (SD) 

signifi-
cance 1-
tailed a 

trend 
(middle 
rank) 

db 

Make prediction 1,479 (1,93) 
2,229 

(2,2666) n.s. 
CG >EG 
(15,68 > 
13,32) 

.36 

Develop „experi-
ments” 

0,700 
(1,1968) 

0,236 
(0,4830) n.s. 

EG > CG 
(16,43 > 
12,57) 

.51 

Question contribu-
tions (with ration-
ale) 

0,743 
(1,1022) 

0,300 
(0,6928) n.s. 

EG > CG 
(16,46 > 
12,54) 

.48 

Note. U-tests, adjusted by Holm correction for four tests 
a by means of bisection of two-tailed significance, rounded 

b effect size (ES): difference between group means divided by standard deviation of 
sample 
 

 

9.4 Group comparisons: “Teacher – transmission of i nformation” 

This chapter presents results on group comparisons of teacher actions that 

aim at the direct transmission of ready-made knowledge.  

During the course of the RLM the students experience, that learning cannot 

be achieved by simply transmitting information directly, i.e. by explaining mat-

ters. Thus the EG is expected to show less frequent actions that aim at the 

direct transmission of ready-made knowledge than the CG: 
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Table 29. Detailed hypotheses for the teachers’ actions that aim at the transmission 

of knowledge 

CG > EG assumed for 
• Reject/ doubt pupil’s contribution (based on teacher’s institutional au-

thority) 
• Judge pupil’s contribution as ‘wrong’ 
• Explain content/ give correct answer (poss. by using mental model) 
• Demand catchword/ use pupils as stopgaps 

 

For this aspect of the analyses, sequences with the following characteristics 

were chosen: 

- ongoing content-related instruction (used as learning-time) and  

- a topic-related instructional talk with the whole class is taking place 
or  the teacher is giving topic-related directions to the class as a 
whole (topic-related instructional talks (whole group) or topic-
related teacher directions to whole group) 

 

A descriptive comparison of group means for EG and CG (see figure 12) 

shows that the numbers for all categories are evenly distributed in CG and 

EG. Teachers in the EG use in direction less often questions that call for 

“catchword” answers or use pupils as stopgaps: 

 

Figure 12. Descriptive comparison of group means for CG and EG: Teacher – 

transmission of information 
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In this subset, only the category Judge pupil’s contribution as ‘wrong’ violates 

the assumptions for multivariate analyses, so a U-test is calculated in this 

case. All other categories are included in a single-factor MANOVA with fixed 

factor group. The significances were adjusted by a Holm correction for the 

number of seven single tests (see footnote 26). The MANOVA (F (3, 24) = 

0,483) did not prove significant. All the same – to compensate for the small 

sample – post-hoc analyses were conducted for all categories, but these also 

showed no significant results. A look at the group means shows that in all 

categories the respective actions occur in only a very small proportion of the 

coded time-slots (between 2% and 4.4%). 

 

Table 30. Group-means and results of statistical analysis for the category-subset 

“Teacher – transmission of information” 

Category 
EG 

mean 
(SD)  

CG 
mean 
(SD) 

η² group  significance 
(p) db 

Reject or doubt pu-
pil’s contribution 
(based on teacher’s 
institutional authority) 

2,007 
(2,1247) 

2,143 
(1,4543) ,001 n.s. .07 

Explain content/ give 
correct answer (poss. 
by using mental 
model) 

4,386 
(4,2243) 

4,157 
(3,8584) ,001 n.s. .06 

Demand catchword/ 
use pupils as stop-
gaps 

2,886 
(2,6156) 

3,800 
(3,4066) ,024 n.s. .30 

Note. b effect size (ES): difference between group means divided by standard devia-
tion of sample 
 

The U-test for the category Judge pupil’s contribution as ‘wrong’ did not 

prove significant group differences. Again such behaviour was only very 

rarely observed in both groups (in less than 1% of all time-slots). 
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Table 31. Group-means and results of U-test for the category Judge pupil’s contribu-

tion as ‘wrong’ 

Category EG 
mean (SD) 

CG 
mean (SD) 

signifi-
cance 1-
tailed a 

trend 
(middle 

rank/ 
mean 
value) 

db 

Judge pupil’s con-
tribution as ‘wrong’ 

0,314 
(0,5842) 

0,507 
(0,5030) n.s. 

CG > EG 
(16,61 > 
12,39) 

.35 

Note. Adjusted by Holm correction for 7 tests 
a by means of bisection of two-tailed significance, rounded 

b effect size (ES): difference between group means divided by standard deviation of 
sample 
 

 

9.5 Group comparisons: Aggregations of categories i n the three 

subsets 

In order to be able to compare frequencies of the whole of categories within a 

certain subset, an aggregation was created for each of the three subsets, 

using the same data selection as reported above (topic-related whole-group 

talks and topic-related teacher instructions to whole group). The following 

three aggregations were created: 

• Teacher – fostering construction processes_total  (includes 
the categories Encourage to give explanations/ interpretations, 
Request rationale, Request clarification/ illustration, Encourage 
to make predictions, Stimulate transfer and use of analogies, 
Create cognitive conflict (using objective evidence), Stimulate 
development of „experiments“, and Make clear : presumptions 
call for validation – encourage validation) 

• Pupils – active construction_total  (includes the categories 
Describe, Explain/ interpret (poss. with rationale), Make predic-
tion, Utter perception of dissonance (unsubstantiated), Question 
contributions (with rationale), and Develop „experiments“) 

• Teacher – transmission of information_total  (includes the 
categories Reject or doubt pupil’s contribution (based on 
teacher’s institutional authority), Judge pupil’s contribution as 
‘wrong’, Explain content/ give correct answer (poss. by using 
mental model), and Demand catchword/ use pupils as stopgaps) 
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To create such an aggregation, the occurrences of the individual categories 

of one subset was added in each time-slot and the converted into a dichoto-

mous 1/0 code. This way, the proportion of time-slots could be calculated 

during which at least one of the respective singular categories out of a spe-

cific subset occurred. Information about the “density of occurrences”, i.e. how 

many of the individual categories occurred simultaneously in one slot, was 

not preserved. In accordance with the hypotheses listed in chapter 6, the fol-

lowing assumptions are made for the three aggregations: 

 

Table 32. Detailed hypotheses for the aggregations of teachers’ and pupils’ actions 

• Teacher – fostering construction processes_total: EG > CG 
• Pupils – active construction_total: EG > CG 
• Teacher – transmission of information_total: CG > EG 

 

 

Figure 13. Descriptive comparison of group means for CG and EG: Teacher – fos-

tering construction processes, teacher – transmission of information, and pupils – 

active construction 
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A descriptive comparison of group means for EG and CG (see figure 13) 

shows that – as has been stated before – the results for transmissive teacher 

actions are relatively evenly distributed. Differently, the EG shows a higher 

value for teacher actions which promote cognitive constructions processes, 

and the pupils of teachers in the EG show more often signs that such con-

struction processes are actually taking place: 

The distribution of the variables allowed parametric significance testing, so 

between-group differences of group means were calculated with T-tests, ad-

justing the significances for the total number of three tests. The significances 

delivered by the T-tests could be bisected (taking into account the trend of 

the group differences) because directional hypotheses were tested. The 

Holm-correction did in this case not influence the significances. 

The tests revealed a significant superiority of the teachers and pupils in the 

EG in the aggregated categories for teacher actions that foster construction 

processes and pupil actions that indicate active construction processes. Such 

actions occur much more frequently in the EG. No difference whatsoever was 

found between groups concerning teacher actions that serve to transmit in-

formation. 

 

Table 33. Group-means and results of T-tests for the „_total“ aggregations 

Category EG 
mean (SD) 

CG 
mean (SD) 

signifi-
cance 1-
tailed a 

trend 
(mean 
value) 

db 

Teacher – foster-
ing construction 
processes_total 

13,9 
(6,36009) 

9,0643 
(3,54284) .011 EG > CG .94 

Pupils – active 
construction_total 

45,1786 
(13,01214) 

34,4714 
(14,36178) .025 EG > CG .78 

Teacher – trans-
mission of infor-
mation_total 

8,85 
(7,21694) 

9,4214 
(6,66474) n.s. CG > EG .08 

Note. Adjusted by Holm correction for 3 tests 
a by means of bisection of two-tailed significance, rounded 

b effect size (ES): difference between group means divided by standard deviation of 
sample 
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10 Discussion 

The discussion in this chapter begins with methodological limitations of the 

present investigation that need considering before going back to the hy-

potheses to answer the leading research questions. It then summarizes cen-

tral findings of the study, inferring recommendations for primary science 

teacher education, and linking those results to recent research results from 

other studies. The chapter concludes with desiderata for further research. 

 

10.1 Methodological issues and limitations of the s tudy 

Whenever categories are designed to classify such complex data like class-

room observations, the issue of validity versus reliability arises. Concisely, 

the problem we faced in this study was: “Easy to define – irrelevant to the 

cause; relevant for the cause – hard to define.” It was easy to establish coder 

agreement for the categories that record the instructional organisation, but 

those did not tell much about the actual finesses of the teacher’s instructional 

practice. Those categories that did, took many months of repeated discuss-

ing and refining before different coders could finally reliably use them. 

Classroom talk is in itself a highly complex matter, which may be approached 

from different theoretical (and in consequence methodological) points of 

view. Some follow a more formal or functional aspect like positivistic process-

product analyses (Cazden, 1986), conversation analysis or ethno methodol-

ogy (Flick, 1998), functional analysis of arguments (e.g. Toulmin, 1969), oth-

ers focus more on social context and content like sociocultural theory (e.g. 

Mortimer & Scott, 2003), ethnographic-constructivist communication-analysis 

(e.g. Kalthoff, 2000), sociolinguistic discourse analysis (e.g. Carlsen, 1991, 

Lemke, 1990, Simon et al., 2002b), rhetorical interaction analysis/ speech-act 

theory (e.g. Moore, 1979, see also Brinker & Sager, 1996). 

It is the issue of context, which has been addressed by so many researchers 

investigating classroom talk (e.g. Edwards & Furlong, 1978, Carlsen, 1991, 

Brinker & Sager, 1996, Brandt, Krummheuer, & Naujok, 2001), and which 

needs special attention when we look at instruction from a (social) construc-

tivist point of view. If we concede that meaning is not objective but a con-

struction made by those who participate, then how can we assume that an 
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external observer or coder and any of the participants interpret a statement in 

the same way? A question asked by the teacher may appear open-ended to 

an observer, but may be perceived differently by the students. This is an is-

sue that this investigation was of course unable to solve in the last detail, but 

it is kept in mind. Other problems that arise from the issue of context and set-

ting were reduced as our coders were trained to keep in mind the whole con-

text of the lesson so far and to include this knowledge in their coding deci-

sions. Looking at one turn of speech, they were asked to refer it back to all 

the turns before and include them in their judgements. 

Another issue that calls for further clarification is that of the pupils’ cognitive 

engagement during the lessons. This study was able to show that in large 

parts the pupils’ actions during instructional whole group talk paralleled the 

teachers’ stimuli. The limits of our method lie in making statements about 

how many pupils were actively engaged for how much of the time. In other 

words: We know that pupils responded positively to the opportunities for 

making their own sense of things, but the data does not tell the number, dis-

tribution or gender of the pupils that were active. To answer this, follow-up 

studies that use different instruments – e.g. time-on-task observations – are 

needed. 

This again leads to yet another issue of context, namely the context of what 

kind of teaching usually predominates in the observed classrooms when no 

videocamera is present. It stnds to reson that such rather high epistemic op-

erations as constructing explanations, questioning contributions, or construct-

ing backing and evidence for one’s arguments is not learned during just one 

or even a few lessons. The emphasis a teacher usually puts on developing 

such skills in his pupils is therefore of considerable influence on the pupils’ 

performance during the filmed lessons. In addition, the study included trainee 

teachers, who had just gotten started in ‘their’ classes. All this leads to the 

conclusion that the results on pupils’ action reported as discussed above may 

not be overrated or generalised. 

In view of all results reported before it has to be underlined that these cannot 

be easily generalised for the entire population of primary science teachers in 

North Rhine-Westphalia. This restriction arises from issues that concern the 
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chosen method of investigation – the analysis of videotapes of actual instruc-

tion. A basic and almost unavoidable problem of video studies of this kind lies 

in their (positive) bias. As described in chapter 7.2, the recruitment depended 

on teachers volunteering for participation in the study. It has to be assumed 

that only teachers with a strong confidence in their teaching will volunteer for 

such inspection of their capabilities in the classroom. A teacher who is aware 

that his way of teaching does not agree with expected standards of teaching 

will most probably not volunteer in the first place. Therefore all teachers in 

both EG and CG most probably represent a very positive selection of com-

mitted teachers who are interested in recent trends and developments in their 

area of work and are willing and confident enough to put upon themselves 

the stress of participating in a video-study. Therefore, the sample itself can-

not be seen as representative for all primary science teachers in North 

Rhine-Westphalia. 

Yet this bias is one in favour of the control group, and does not devaluate the 

study’s results. The issue of positive selection applies to both EG and CG in 

the same measure and thus even has a conservative effect as it is advanta-

geous for the CG and expected group differences are potentially reduced. It 

is all the more remarkable that – despite the altogether high level – statisti-

cally tenable significant differences as well as differences in direction be-

tween groups could be established. 

Finally and in a very positive vein, one must not overlook one important as-

pect concerning the methodological approach as a whole. When we look at 

the path that recent classroom research employing video studies has taken – 

both in the field of science and mathematics education – we can observe a 

certain development from the surface towards ‘the bottom of the lake’. It was 

the great contribution of the TIMS video study to deliver an image of culturally 

shared scripts or orchestrations of instruction across countries. Following 

studies (e.g. Seidel, 2003; Fischer et al., 2002; Prenzel et al., 2002; Klieme & 

Reusser, 2003) picked up on this starting point and pursued the issue further 

– but soon finding that it is not in the surface structure of how a lesson is or-

chestrated that good teaching can be defined: 

Auch andere Videostudien verweisen auf den für sich allein 
genommen eher geringen Einfluss bestimmter Oberflächen-
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strukturen des Unterrichts bzw. der Unterrichtsorganisation 
auf die fachlichen Lernwirkungen der Schülerinnen und 
Schüler (Seidel & Prenzel, 2006; Kunter & Baumert, 2006). 
Der Schluss, dass die Inszenierungsmuster keinen Einfluss 
auf das Lernen der Schülerinnen und Schüler haben, ist 
dennoch nicht zulässig. Vielmehr können die Resultate der 
vorliegenden Analysen auch als Hinweis darauf gedeutet 
werden, dass es „den guten Unterricht“ (Helmke & Weinert, 
1997; Weinert, 1997), verstanden als bestimmtes Oberflä-
chenstrukturmuster, nicht gibt, sondern dass mehrere unter-
schiedliche Unterrichtsarrangements und Inszenierungsmu-
ster grundsätzlich lern- und leistungsfördernd sein können. 
(Hugener et al., 2007, p. 118) 

 

The most recent and ongoing research projects go beyond patterns of in-

structional organisation and towards what is sometimes called deep struc-

tures – elements of teachers’ verbal stimuli, the exact way in which experi-

ments are used, and elements which foster learners’ cognitive activation 

(Clausen et al., 2003; Widodo, 2004; Reyer, 2004; Tiberghien & Jeannin, 

2003). It is in this exact vein that the present study approached the issue, 

using high-inferent categories to investigate teachers’ stimuli during discus-

sions as one of the ‘nuclei’ of instruction, going beyond the more general fea-

tures of instructional quality towards aspects that are germane to the teach-

ing of a specific subject (Hosenfeld, Helmke, Heyne, & Lipowsky, 2007). 

 

 

10.2 Discussion of the results 

A) Instructional organisation 

(1) Description of the distribution of phases and use of hands-on activities 

The descriptive statistics have shown that the individual lessons are highly 

diverse. All teachers have implemented phases of introduction to the topic of 

the lesson, working on task, and summing up/ evaluation. Yet this is due to 

the guidelines they were given in advance, which clearly asked the teachers 

to imcorporate the aforementioned elements for the sake of comparability. 

Yet independently almost all teachers chose to incorporate hands-on activi-

ties (except one in the EG and one in the CG, both of them intern teachers 

who later stated to have done so due to disciplinary problems in their 
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classes). They seize the opportunity for practical exploration that the topic of 

the lesson offers. This is a pleasant finding in the light of the status quo re-

ported in chapter 3. As summarised there, researchers internationally report 

a tendency among primary science teachers to avoid practical work and to 

rely on textbooks, oral presentations, and written reports instead (e.g. 

Appleton, 2003; Harlen, 1997). The 28 teachers in this study do not seem to 

share this stance of avoiding all practical work. 

Yet the fact that hands-on elements are incorporated does not say anything 

about how they are embedded in the lessons, or in which way they are made 

use of. As chapter 3 has summarised, primary science teachers have been 

found to place higher emphasis on hands-on activities (e.g. Gustafson & 

Rowell, 1995; Prawat, 1992), but that they were prone to the ‘constructivist 

teaching fallacy’ (Mayer, 2004). Primary science teaching has also this facet 

of innovation gone astray – meaning that teachers see the mere carrying out 

of practical tasks as sufficient for a constructivist or inquiry-oriented learning 

environment. It will be necessary to discuss the results of the teachers’ ac-

tions to shed light on the question whether those hands-on elements were 

embedded in a constructvist sense or not.  

As soon as one regards the implementation of additional phases (repetition, 

practice), the diversity begins to show, as only few teachers include them, 

and among these few, the durations of the phases differ greatly. This differ-

ence in the duration is true for all phases, and we can clearly not state the 

existence of a shared script, at least not for this small sample of teachers. It 

would be necessary to investigate such a question based on a much larger, 

representative sample of teachers (resp. lessons). 

 

(2) Teachers who enrolled in this program assign more of the available les-

son time to instructional whole group talks on the topic than teachers 

who enrolled in the regular curriculum. 

The fact that teachers in the EG spend significantly more time on topic-

related instructional talks plausibly indicates a linkage to the specific univer-

sity program. The teachers in the EG choose to realize more of these phases 

in form of verbal exchanges with the whole group of learners, preparing and 
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evaluating tasks together. During both the Research on Learning Module and 

the Subject Matter oriented Module the students experience the importance 

of classroom discussions about natural phenomena as a way to establish 

mutual understanding and a shared interpretation or concept. It potentially 

adds a minds-on component to mere hands-on activities. One can assume 

that this teacher behaviour is part result of experiencing the feasibility and 

fruitfulness of this social-constructivist stance to teaching science, which was 

explicit part of the specific university program. 

Up to now, no detailed inferences can be made concerning the character of 

these whole-group talks. The following discussion of the teacher and pupil 

actions during these talks will serve to illuminate this issue. 

 

Table 34. Overview – hypotheses confirmed/ rejected 

 
EG > CG assumed for  

• Time spent on whole-group talk 
 
Note. Hypothesis confirmed , hypothesis rejected 

 

 

B. Teachers’ actions 

(3) Teachers who enrolled in this specific program show more frequently 

actions which aim at the promotion of pupils’ conceptual development 

(that is the active development, elaboration, and restructuring of con-

cepts) than teachers who enrolled in the regular curriculum, and  

(4) teachers who enrolled in this specific program show less frequent ac-

tions that aim at the direct transmission of ready-made knowledge than 

the teachers who enrolled in the regular curriculum. 

 

Both selections of data – first the whole time that is spent on instruction and 

secondly only the topic related whole group talks – show the same results, 

which means that comparable group differences between EG and CG exist in 

both cases. 
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As expected, the teachers in the EG differ from those in the CG with respect 

to actions that make clear that assumptions that have been stated call for 

some kind of validation – such actions occur significantly more frequently in 

the EG. Yet it has to be emphasized that the absolute frequency of such ac-

tions is very low in both groups (in the EG in only ~1% of the time slots). 

Due to the very small sample size, it seems justified and relevant to consider 

in addition the results on effect sizes also for non-significant tests. These 

considerations show that the EG is in direction superior to the CG with re-

spect to the application of strategies which are supposed to cause cognitive 

conflict for the pupils and thus induce conceptual changes or modifications 

(big effect, d=.89 and d=1.03). The same applies to teacher actions which 

are supposed to stimulate transfer of familiar concepts to new contexts and 

the use of analogies (medium effect, d=.69 and d=.66). In addition, teacher 

actions which are meant to encourage pupils to give voice to their own ex-

planations for (or conceptions of) certain phenomena and to clarify and justify 

these explanations (medium effect, d=.77 and d=.83)29 shows a similar trend. 

Still it has to be kept in mind that both actions that confront pupils’ statements 

with objective evidence and actions that foster transfer and use of analogies 

are in all only rare occurrences. On the other hand, it is a pleasant fact that 

actions that aim at encouraging pupils to give their own conceptions or ex-

planations about the phenomena in question occur much more frequently 

during the observed whole-group talks. 

Contrary to expectations, the two groups do not differ with respect to teacher 

actions that are meant to encourage pupils to voice predictions (‘hypotheses’) 

or develop ‘experiments’. Both kinds of actions occur comparably rarely in 

both groups (< 2% of time-slots). A possible explanation might be found in 

the second phase of teacher education, the internship. During the past years, 

the College of education have placed particular emphasis on promoting 

trainee teachers’ competences for teaching physical science topics. Suitable 

topics should be taught by means of experiments, following certain guidelines 

                                            
29 The detailed analysis of this aggregated category reveals that the group difference in di-
rection is caused by a significant group difference in favour of the EG for teacher actions that 
encourage the pupils to give their explanations/ interpretations of phenomena; the frequen-
cies of teacher actions which encourage clarifications and of actions which encourage justifi-
cations do not differ between groups – see chapter 9.2. 



  172 

for conducting such investigations. These include among others setting up 

presumptions (hypotheses), carrying out experiments, and observing and 

analysing their outcome. This might explain why the groups are no different 

in these respects, since the sample consists only of very young teachers and 

trainee teachers who have most probably profited from the above-described 

trend. Yet it is striking that the absolute frequencies of both such actions are 

so extremely low in both groups. 

 

Table 35. Overview – hypotheses confirmed/ rejected 

 
EG > CG assumed for 
• Encourage to give explanations/ interpretations 
• Request rationale 
• Request clarification/ illustration 
• Encourage to make predictions 
• Stimulate development of ‘experiments’ 
• Stimulate transfer and use of analogies 
• Create cognitive conflict (using objective evidence) 
• Make clear: presumptions call for validation – enco urage valida-

tion 
 
Note. Hypothesis confirmed (significant only) , tendency in favour of hypothesis 
(non-significant, considerable effects), hypothesis rejected 

 

Results for teacher actions that aim at transmitting ready-made knowledge 

contradict the previous expectations. None of the categories shows remark-

able group differences, and even the group difference in the aggregated 

category is not statistically relevant. Instead the descriptive data reveals high 

dispersions within both the EG and CG, which indicates that other factors 

besides group membership possibly influence such actions. Yet it can be es-

tablished in a positive vein that such actions occur only very scarcely among 

the whole sample. 

Interestingly, the group mean of such actions is in the CG on the same level 

as the mean of actions that foster conceptual development: they are applied 

comparably often. Meanwhile in the EG, the mean of transmissive or cogni-

tively restrictive teacher actions is clearly exceeded by the mean for actions 

that foster conceptual development. This indicates that teachers in the EG 
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use more frequently impulses that stimulate conceptual development than 

impulses which limit students thinking and transmit ready-made knowledge. 

 

Table 36. Overview – hypotheses confirmed/ rejected 

 
CG > EG assumed for 
• Reject or doubt pupil’s contribution (based on teacher’s institutional 

authority) 
• Judge pupil’s contribution as ‘wrong’ 
• Explain content/ give correct answer (poss. by using mental model) 
• Demand catchword/ use pupils as stopgaps 
 

Note. Hypothesis confirmed (significant only) , tendency in favour of hypothesis 
(non-significant, considerable effects), hypothesis rejected 

 

 

C. Pupils’ actions 

(5) Pupils of teachers in the EG will more frequently show actions that indi-

cate respective conceptual development processes (that is the active 

development, elaboration, and restructuring of concepts). 

 

The two groups of pupils show no differences with respect to actions that 

serve to describe events, observations and the like. Describing in the sense 

of this study is merely a matter of reproduction of facts, which is seen as the 

minimal level of activity that a summing-up should aim at – the pupils de-

scribe or give an account of tasks they carried out, of how they proceeded, 

and of the observations and experiences they made. Therefore, this category 

covers a very basic level of cognitive activity. 

As expected, the EG and CG groups of pupils do show differences in the fre-

quency of actions like giving their own explanations or interpretations for 

natural phenomena and giving reasons for these interpretations – actions 

which go further than the mere description or reproduction of observations. 

The pupils of teachers in the EG show markedly more activity in this respect 

– in almost one third of all topic-related whole group talks we observe such a 

pupil activity (as opposed to only 16% in the CG). 
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No significant differences but medium effect trends show in pupil actions like 

challenging or commenting critically on other pupils’ or the teachers’ state-

ments. Such behaviour indicates that the pupils keep track of the statements 

and arguments given by other group members, that they compare them to 

their own conceptions and ideas and become aware of contradictions. Admit-

tedly it is not satisfying that such behaviour is observed only very rarely in the 

entirety of lessons. 

Although experiments – for the most part pupil experiments – were con-

ducted in almost all lessons, a difference in direction shows in how far pupils 

are included in the development of possible experiments during such whole 

group talks: Pupils in the EG were more often active in designing and plan-

ning possible experiments. Yet it must be noted that in total such behaviour 

only rarely occurred in both groups. 

Contrary to expectations, no differences show for the utterance of presump-

tions (‘hypotheses’) on the pupils’ part, and in total such pupil behaviour did 

not occur often in all the lessons. 

If we look at the aggregated category, a striking superiority of the EG can be 

stated for pupil actions which indicate that such conceptual development 

processes are actually taking place. Although the percentage of time slots 

during which pupils’ actions indicate conceptual development processes is in 

the CG already at a very pleasant 34%, we find that pupils in the EG are in-

volved in such actions during almost half of all analysed time-slots (45%). 

 

Table 37. Overview – hypotheses confirmed/ rejected 

 
EG > CG assumed for 
• explain/ interpret (poss. with rationale) 
• make prediction 
• utter perception of dissonance (unsubstantiated) 
• question contributions (with rationale) 
• develop ‘experiments’ 
 

Note. Hypothesis confirmed (significant only) , tendency in favour of hypothesis 
(non-significant, considerable effects), hypothesis rejected 
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10.3 Summary and implications for primary science t eacher edu-

cation 

The results of the investigation suggest that the EG teachers’ practice is 

more oriented towards conceptual change views of science learning and 

teaching than the CG teachers’ practice. They spend more time on instruc-

tional whole group discussions. They encourage pupils more frequently to 

state their own views and conceptions (in form of explanations for phenom-

ena or presumptions about possible outcomes of events), they emphasize 

that these ideas call for an objective validation and encourage such valida-

tion, and they employ cognitive conflict strategies that are meant to induce 

conceptual change. Such practice can be related to the contents of the Re-

search on Learning Module (submodule 1, see chapter 5), which suggests a 

positive relationship between the specific teacher education program and its 

graduates’ teaching practice. 

In addition, teachers in the EG foster more frequently the application and in-

tegration of concepts by asking for transfer to other contexts and examples 

and by encouraging the use of analogies. Such actions can likewise be re-

lated to the contents of the abovementioned Research on Learning Module, 

therefore again a positive relationship between education program and 

teachers’ practice is implied. 

With reference to the pupils’ actions we can say that the differences in teach-

ers’ actions between EG and CG are obviously mirrored here. The opportu-

nity structures created by the teacher for the pupils’ active construction of 

scientifically appropriate conceptions (build new concept, differentiate old 

concept, restructure old concept) are obviously perceived as such and made 

use of by the pupils themselves – parallel group differences in the corre-

sponding teacher and pupil actions indicate this positive relationship. Results 

on the teachers’ actions that foster conceptual development and the pupil 

actions that indicate ongoing conceptual development processes are conver-

gent. This effect becomes especially clear in the summarising analysis of the 

aggregated subsets, where we could prove significant superiority of the EG in 

both the aspect of teacher stimuli that nurture conceptual development and 

the pupils’ cognitive activity. 
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These results can be taken as evidence for the interpretation that a more fre-

quent pupil activity in the realm of the active construction of new cognitive 

concepts can be indeed achieved if teachers more often ask for such activity. 

In other words: give pupils room and stimuli for such actions (stating one’s 

own view, develop experiments for testing ideas etc.), and pupils do respond 

positively to such teaching practice. Especially in the context of primary sci-

ence education, this interpretation appears conclusive: Particularly young 

learners profit by such frequent and repeated stimuli. It has to be said that 

this investigation does not allow statements on learners’ outcome (in terms of 

conceptual knowledge growth, interest, motivational aspects). In addition, the 

data do not allow analyses of how many children were cognitively involved in 

the lessons at a given time (e.g. time on-task/ off-task). The above reported 

conclusions are based on the actions of children who actively contributed to 

whole-group discussions. 

If we look at teacher actions like explaining facts, giving the correct answers 

to one’s own questions, using pupils as stopgaps, or rejecting pupils’ an-

swers based only on teachers’ institutional authority – which aim at the 

transmission of ready-made knowledge and the restriction to a certain prede-

termined learning pathway – we see that neither the results from the individ-

ual categories nor from the aggregation of the subset show any relevant dif-

ferences between the two groups of teachers. The observed within-groups 

variance was very high, which indicates that other factors apart from the par-

ticipation in this specific science teacher education program influence the 

occurrence of such teacher actions. 

The proportion of transmissive or restrictive teacher actions to teacher ac-

tions that foster conceptual development is very interesting. In the CG the 

ratio is balanced, whereas in the EG teacher actions that foster conceptual 

development clearly predominate, exceeding the amount of actions which 

aim at transmitting knowledge. This result can also be related to our specific 

education program. Especially during the Research on Learning Module, the 

students experience the value of teaching moves that foster the pupils’ con-

struction of knowledge. This does not absolutely rule out the necessity of 

guiding, structuring and sometimes restricting learning pathways, but it em-



  177 

phasizes the need to involve pupils cognitively. This we find mirrored in the 

aforementioned ratio.  

Noteworthy is the fact that those results were gained from in-service teachers 

and trainee teachers, not from freshmen who were only just finishing their 

studies at university. We can take this as a hint that our program’s positive 

influences do not vanish as soon as the graduates ‘hit the reality’ of everyday 

teaching, but that they prove certain stability. This result is in certain contrast 

with those of for example Koch (1972) and Zeichner and Tabachnik (1981), 

who reported early wash-out effects as soon as the beginning teachers en-

tered the reality of everyday teaching. 

So far, this discussion has skipped the issue of teachers’ conceptions of 

learning and teaching science, and of how they are influenced by this teacher 

preparation program, because this research question was not explicitly ad-

dressed during this thesis. However, it is a very interesting issue to include in 

this discussion. As has been delineated in chapter 4 and as Vehmeyer, 

Kleickmann, and Möller (2007b) state, the relationship between teachers’ 

conceptions of learning and teaching and their instructional practice is neither 

one-dimensional nor adequately explained by research. Yet we find certain 

parallels in the context of this present study (of which the thesis only repre-

sents a specific portion), when we look at data on teachers’ conceptions of 

learning and teaching science gathered from the teachers in this video study. 

Results showed that the participants of the specific preparation program per-

ceived children’s preconceptions significantly as more relevant, and regarded 

learning in the sciences more as conceptual change. They agreed signifi-

cantly less with an ‘open’ (i.e. unguided) view of learning. Without statistical 

significance but with medium or big effects, the EG agreed more with motiva-

tion as a prerequisite for learning science, put more emphasis on children 

developing their own ideas and interpretations, and would rather allow chil-

dren’s own ideas and learning pathways. They agree less with a purely 

‘hands-on/ minds-off’ view of learning. (Gais, Kleickmann, Möller, Oerke, & 

Wedemeier, 2005) Here we find certain indications that in the mentioned as-

pects, teachers’ conceptions and their teaching practice are in accordance. 

However, it is important to report that the above-mentioned participants’ 
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agreement with a rather didactic, direct-instructive view differed significantly 

among groups. Teachers who had enrolled in the specific program agreed 

significantly less with such a view. Therefore, in this aspect we cannot derive 

an accordance of teachers’ conceptions and their teaching practice. 

Is this group of 28 teachers atypical? Another part of the study from which 

this thesis stems analysed the same conceptions of learning and teaching 

science for a larger sample. Results from those 51 teachers are as follows:  

The participants of the specific preparation program perceived children’s pre-

conceptions significantly as more relevant, put significantly more emphasis 

on children developing their own ideas and interpretations, and regarded 

learning in the sciences significantly more as conceptual change. They agree 

significantly less with a purely ‘hands-on/ minds-off’ view of learning; the 

same is true for a direct-instructive view of learning. (Gais et al., 2005, see 

also Kleickmann & Möller, 2005 and Kleickmann, Gais et al., 2005) The par-

allels between this sample and the smaller video-sample are obvious. 

These indications are seconded by results from another recent study that 

correlated teachers’ conceptions and teaching practice in the context of in-

service science teacher education (Vehmeyer et al., 2007a) which found cor-

relations in the same aspects, investigating an in-service module which was 

based on the same principles as the pre-service modules investigated here.  

In summary, we find three areas of parallel results: The specific program 

seems to have achieved an impact on teachers’ conceptions of learning and 

teaching science, their teaching practice, and we find a parallel result in pu-

pils’ responses to the teachers’ practice.  

Researchers worldwide agree that moderate constructivist approaches to 

learning and teaching are valuable for understanding learning processes in 

science and for designing appropriate learning environments. Consequently, 

current recommendations for the design of science teacher education pro-

grams emphasize the necessity of preparing teachers for a constructivist-

oriented way of teaching. The results of the group comparisons of teachers’ 

instructional practice in this study have now shown that the evaluated teacher 

education program has a potential for influencing teachers’ instructional prac-

tice in a way that agrees with aforementioned constructivist approaches. It 
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appears that the approach of the evaluated program has positive effects in 

terms of influencing not only the teachers’ conceptions of learning and teach-

ing towards a more constructivist or conceptual change point of view 

(Kleickmann, Gais et al., 2005), but also their actual teaching practice. It is 

above all this second aspect which has been found problematic in recent re-

search (see e.g. Tabachnik & Zeichner, 1999). Especially the Research on 

Learning Module (where students act as researchers, investigating pupils’ 

learning processes from a constructivist perspective and where they experi-

ence the feasibility of constructivist-oriented instruction) seems of value in 

this respect. This has a potential to stand against the misunderstood open, 

hands-on learning (see chapter 3.2), as prospective teachers become aware 

of the importance of not only behavioural but also mental activity for learning 

and understanding. 

 

The results of this study seem to be in tune with the recent discussion on sci-

ence teacher education, as for example the summary of an international 

symposium by Eilks and Ralle (2007) shows. During the last two decades, a 

very clear trend has emerged concerning the responsibility of researchers 

and teacher educators in the field of (primary) science learning and teaching. 

It is pointedly summarized by Heitzmann (2007), as she remarks that they 

must 

“sich vermehrt aktiv an der Bildungsdiskussion beteiligen, als 
interdisziplinäre Wissenschaften sind sie prädestiniert dazu. 
Wichtig ist hier, dass sie sich nicht auf die Entwicklung von 
Lehrmitteln beschränken, sondern aktiv Unterrichtsforschung 
betreiben. “ (p. 78) 

 

Getting prospective teachers acquainted with subjects and methods of edu-

cational research can on one hand help to develop a basis for lifelong pro-

fessional development, and on the other hand, it may arouse an interest to 

be involved in high-stakes research. Northfield (1998) called for a teacher 

education that would “increase the capacity of teachers to be generators, 

rather than merely users, of knowledge about teaching and learning” (p. 702). 

On one hand, this may ideally result in teachers who maintain an inquiry kind 

of stance towards their own teaching practice, conducting some sort of action 
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research and communicating this to their colleagues, probably keeping con-

tact with tertiary education institutions. On the other hand, teacher students 

may decide to prefer a professional research career to one as a practicing 

teacher, proceeding to become educational researchers as well as teacher 

educators themselves. 

Researchers internationally seem to agree on certain elements that need to 

be incorporated in teacher education. For example, bridging the gap between 

the (yet often isolated) groups of researchers, teachers, and teacher educa-

tors is a crucial goal for teacher education programs. This can assumedly be 

achieved by linking theory and practice via action research, which means 

involving teacher students and practicing teachers in research, which is con-

ducted by teacher educators. Other elements are the value ascribed to a fo-

cus on teachers’ pedagogical content knowledge in combination with a con-

structivist view of how prospective teachers learn to teach (Eilks & Ralle, 

2007). The resulting demand – to develop models specifically for different 

strands and stages of teacher education (primary, secondary, science, pre-

service, in-service, etc.) has in part been answered by this study, which gave 

detailed descriptions of how the desired elements were implemented, and 

which could prove its value in terms of its impact on teachers’ actual instruc-

tional practice. 

 

10.4 Outlook and desiderata 

As already pointed out in the introduction and in chapter 4, the empirical da-

tabase on the effects of teacher education in Germany is still scarce – espe-

cially an encompassing, nationwide survey is missing (see e.g. Blömeke, 

2004; Merkens, 2003; Terhart, 2001). This present study is another attempt 

to clarify relationships between teacher education and its effects on teachers’ 

practice on a regional level, serving as a summative assessment of a specific 

university pre-service teacher education program. It was intended to and can 

deliver valuable indications that certain elements of teacher education pro-

grams as they were employed here do show positive impact on teachers’ 

practice – yet surely, it was not planned to and cannot satisfy this need for a 

nationwide database. 
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An interesting issue that was not pursued in this study but which is of great 

importance in the light of research on pre-service primary science teachers’ 

subject matter knowledge is the following. Does this approach to primary sci-

ence teacher education (as described in chapter 5) result in the construction 

of scientifically valid concepts of phenomena in the physical sciences on the 

prospective teachers’ part? Does it enable prospective teachers to abandon 

their own misconceptions and develop methods to teach them appropriately 

to schoolchildren? One feels inclined to assume that it does, yet sound proof 

is of course desirable. This meets with recent assumptions from other re-

searchers. For example, Heran-Dörr and Kahlert (2007) recommend a model 

for primary science teacher education that starts with eliciting students’ pre-

conceptions on topics of the current primary science curriculum and ask for 

interpretations for phenomena, and thus enable teachers to develop resilient 

concepts and knowledge about methods of science inquiry, together with 

probable learning pathways and difficulties of schoolchildren. 

Another open question asks for the persistence of the effects discovered in 

this study. Surprisingly, we could detect a stability of teachers’ ‘style’ that out-

lasted the internship and the first few years of service in school. However, 

what happens during the later years? Different researchers have repeatedly 

reported that with increasing time in service, teachers tend to recur to more 

transmissive and teacher-centred methods of teaching (Koch, 1972; Zeichner 

& Tabachnik, 1981; Salish Research Consortium, 1997). A follow-up study 

would be necessary to pursue the development of this group of teachers and 

to monitor potential changes in their classroom practice. 

Against the background of the necessary transitions during a pupil’s school 

career – especially the transition from primary school to secondary school at 

the age of 11 – the research question arises whether learners experience 

continuity or a discontinuity in the way science is taught. It seems highly in-

teresting to compare primary school data with observations from the lower 

secondary level in order to investigate whether secondary science teachers’ 

practice is similarly learner-oriented and constructivist in nature as the ob-

served primary science teachers’ practice. Available data from video-studies 

in secondary schools (Seidel, 2003; Widodo, 2004) rather hint to a stark dis-
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continuity in the learning culture. Efforts in this vein are already undertaken 

by colleagues at the University of Münster (Möller & Fischer, 2005). 

The methodological approach in this thesis is only one possibility to answer 

the leading research questions – triangulation with different methods used on 

the same data appears promising. A valuable and necessary extension of 

this present work and further use of the data that was gathered lies in the use 

of video rating systems (e.g. Clausen et al., 2003). Such high-inferent rating 

systems allow to judge whole sequences of a lesson rather than small seg-

ments (e.g. turns or 10-second time-slots as were used in this study), and 

likert-scale items allow to judge degrees or levels of certain features rather 

than the mere occurrence of events. Efforts in this vein are already under-

taken by a fellow PhD student (see Vehmeyer et al., 2007a). 

In addition, using a time-sampling method means that no turn-by-turn analy-

sis can be done. Yet such an analysis would allow a clarification of the ob-

served parallels between teacher and pupil actions. It would be very interest-

ing to conduct an analysis on how the pupils respond when the teacher gives 

a certain stimulus. A matrix displaying teacher and student categories could 

serve to plot different patterns of interaction in different classrooms. 

In addition, the instrument that was developed for this study can be of further 

use outside the context of high-stakes research – as a means to inform and 

support teacher preparation as well as teachers’ professional development. 

In an abbreviated form, it can be used to monitor changes in teachers’ class-

room practice during a pre-service or in-service program. 
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Summary of the thesis 

This final chapter abstracts the study as a whole, summarizing the theoretical 

background, the methods used, findings, and discussion and implications. 

 

Background and purpose 

Within the field of science teaching, the constructivist paradigm has proven to 

be a fruitful basis for designing learning environments. Yet, recent studies 

have shown that everyday teaching reality is not congruent with what re-

searchers recommend. This is also true for the field of primary science, 

where often a direct transmission of knowledge on one end of the spectrum 

as well as a misunderstood variation of hands-on teaching without a minds-

on component at the other end of the spectrum shape everyday science 

teaching. Among others, pre-service primary science teacher preparation 

must play an important role in bringing on a change to this situation. The 

question arises by which means prospective teachers of primary science can 

be prepared to teach in a more constructivist fashion. International research 

on science teacher education suggests that programs that incorporate reflec-

tive, inquiry-oriented approaches based on a constructivist view of learning 

situated in specific contexts show promise. Yet, the empirical database for 

the evaluation of teacher education in Germany is now still unsatisfying. 

Teaching from a constructivist perspective requires a great deal of teachers 

in terms of science content knowledge, pedagogical content knowledge, is-

sues of the nature, history and philosophy of science, and the learners’ con-

ceptional ecology and functions. Going beyond the rather behaviourist ap-

proaches to teacher training and going beyond merely implementing units 

that work, new approaches to science teacher education therefore aim at a 

broad, deep and sustaining change of conceptions about learning and teach-

ing in the teachers themselves, supported by models of good science teach-

ing. Recommendations are that in order to bring about such change in teach-

ers’ conceptions of learning and teaching as well as their teaching practice, 

teacher preparation courses need to employ methods that are consistent with 

their content. In other words, prospective teachers need the opportunity to 

learn in a way that is similar to how they are later expected to teach their pu-
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pils. A specific science teacher education program, which was designed to 

meet those requirements, was evaluated in terms of its impact on teachers’ 

classroom practice. 

 

Research questions, method and database 

The research questions that lead the investigation were whether the gradu-

ates of this specific teacher preparation program for learning and teaching 

primary science (experimental group) show to a greater extent such actions 

that meet the above stated demands on science teaching than teachers who 

enrolled in the regular curriculum (control group). The investigation focuses 

on the teaching moves they employ during topic-related instructional talks in 

whole group settings. It was expected that teachers of the experimental 

group would show a higher amount of actions based on a constructivist view 

of learning and teaching, and less actions based on a transmissive or didac-

tic view of learning and teaching. For the pupils’ side it was expected that 

pupils of teachers in the experimental group would show more frequently ac-

tions that indicate conceptual development processes than those pupils of 

teachers in the control group. 

The study was conducted in North Rhine-Westphalia, investigating two 

matched groups of teachers who had studied at universities in this country 

and at that time taught science in grades 3 and 4 (age 9 to 10). Participants 

of one group (experimental group, N=14) had enrolled in the specific teacher 

education program, while the participants of the other group (control group, 

N=14) had not enrolled in this specific program but in the regular university 

curriculum. The teachers’ classroom actions were documented audio-visually 

and assessed by coding the videos. A coding manual was specifically devel-

oped for this purpose. It assesses the instructional organisation of the les-

sons as well as teachers’ and pupils’ actions during instruction from an angle 

that builds on constructivist approaches to learning and teaching. For con-

trast, such teacher actions were assessed that indicate a direct transmission 

of knowledge from instructor to the instructed. The development of the codes 

followed guidelines developed in earlier video-studies (e.g. the TIMS video 
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study, the IPN physics video study), reliability and validity were thoroughly 

checked. 

 

Results 

The description of the instructional organisation of the lessons showed some 

diversity. According to the guidelines they had received in advance, all 

teachers included phases of introduction, working on task, and summing up. 

The amount of time conceded to those phases shwed considerable variance 

within the group. Additional phases were included only by some, and with 

different duration. This sample is clearly too small and not representative to 

allow conclusions about any shared scripts or models. Yet, the teachers in 

the EG spent significantly more time on talking about the content with the 

whole group. 

The group comparisons of teacher actions that foster cognitive construction 

processes showed mixed results. Teacher actions that make clear that as-

sumptions that have been stated call for some kind of check or validation oc-

cur significantly more frequently in the EG. Due to the very small sample 

size, non-significant results with considerable effect sizes were included, 

They showed that the EG is in direction superior to the CG with respect to the 

application of strategies which are supposed to cause cognitive conflict and 

thus induce conceptual modifications. Also, teacher actions which stimulate 

transfer and the use of analogies as well as teacher actions which encourage 

pupils to state their ideas and explanations and to clarify and justify these 

explanations were more frequent in the EG. Contrary to expectations, the two 

groups do not differ with respect to teacher actions, which are meant to en-

courage pupils to voice predictions (hypotheses) or develop experiments. 

Results for teacher actions that aim at transmitting ready-made knowledge 

contradict expectations, as they show no remarkable group differences. Such 

actions were rare in both groups, yet the group mean of such actions in the 

CG was on the same level as the mean of actions that foster conceptual de-

velopment, whereas in the EG the mean of transmissive or cognitively restric-

tive teacher actions is clearly exceeded by the mean for actions that foster 

conceptual development. 
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Results on pupils’ actions show that, as expected, the EG group of pupils 

have a higher frequency of actions like giving their own explanations or inter-

pretations for natural phenomena and giving reasons for these interpreta-

tions. No significant differences but medium effect trends show in pupil ac-

tions like challenging or commenting critically on other pupils’ or the teachers’ 

statements. Pupils in the EG were in direction more often active in designing 

and planning possible experiments. Contrary to expectations, no differences 

show for the utterance of presumptions (‘hypotheses’) on the pupils’ part, and 

in total, such pupil behaviour did not occur often in all the lessons. 

 

Discussion and implications 

The results of the investigation show that the EG teachers’ practice is in fact 

more oriented towards conceptual change views of science learning and 

teaching than the CG teachers’ practice. This suggests a positive relationship 

between the specific teacher education program and its graduates’ teaching 

practice. The differences in teachers’ actions between EG and CG are obvi-

ously mirrored in the pupils’ actions. The opportunity structures created by 

the teacher for the pupils’ active construction of scientifically appropriate con-

ceptions are obviously perceived as such and made use of by the pupils 

themselves. 

Results concerning teacher actions that aim at the transmission of ready-

made knowledge show no relevant group differences, but the observed 

within-groups variance was very high, which indicates that other factors apart 

the participation in this specific science teacher education program influence 

the occurrence of such teacher actions. The proportion of transmissive 

teacher actions to teacher actions that foster conceptual development is very 

interesting: In the CG, the ratio is balanced, whereas in the EG, teacher ac-

tions that foster conceptual development clearly predominate, exceeding the 

amount of actions that aim at transmitting knowledge. This result can also be 

related to the specific education program, where the students experience the 

value of teaching moves that foster the pupils’ construction of knowledge. 

This does not absolutely rule out the necessity of guiding, structuring and 
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sometimes restricting learning pathways, but it emphasizes the need to in-

volve pupils cognitively. This we find mirrored in the aforementioned ratio.  

All those results were gained from in-service teachers and trainee teachers, 

not from freshmen, which can be seen as an indicator that the program’s 

positive influences are not (yet) prone to the well-known ‘wash-out’ effects for 

beginning teachers. 

In summary, the results of the group comparisons of teachers’ instructional 

practice in this study have shown that the evaluated teacher education pro-

gram has a potential for influencing teachers’ instructional practice in a way 

that agrees with aforementioned constructivist approaches. 
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12 Glossary of specific German/ English terms 

 

„Le langage est source de malentendus/ 
Die Sprache ist die Quelle der Missverständnisse.“ 

Saint-Exupéry, 1985, p. 67 

 

The author encountered several difficulties concerning the terminology during 

her work on the thesis, which originate not only in language but in interna-

tionally different terms of reference – in which case even dictionaries are of 

no sufficient assistance. This glossary is an attempt translate certain terms 

used in this thesis and to delineate their contexts, connotations, parallels, 

and inequalities. Holding a constructivist view of knowledge (and language) 

acquisition herself, the author is well aware that it is not possible to cover all 

potential causes for misunderstanding, but is confident to dispel the most 

interfering ones. 

 

Internship  

Original German term: Referendariat bzw. Vorbereitungsdienst 

Specification: After a pre-service teacher has passed the first state examina-

tion, she/he has to undergo a two-year period of in-service training, sitting in 

on a tutor’s classes as well as giving classes independently. This phase con-

cludes with a second state examination, after which the candidate is a fully 

qualified teacher.  

 

Pupil  

Original German term: Schülerin/ Schüler  

Specification: schoolchildren; not: students at university 

 

Student 

Original German term: Studentin/ Student  

Specification: students at university; not: schoolchildren 
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Student teacher/ undergraduate teacher  

Original German term: Lehramtsstudent (vor 1. Staatsexamen)  

Specification: student at university who studies to become a teacher, before 

his/her first state examination 

 

Teacher education or teacher preparation  

Original German term: Lehrerausbildung  

Specification: Internationally also referred to as teacher training: (1) pre-

service teacher education (or preparation) is divided in two phases: the first 

phase consists of a university curriculum (approx. 4 years incl. first exam), 

and during the second phase (internship) the trainee teachers work in an as-

signed school with a tutor for two years; this is accompanied by classes in a 

central institution (college of education= “Studienseminar”) and completed 

with a second exam. (2) In-service teacher education/ training addresses 

teachers who are already doing service in school. 

 

Theory of learning and teaching science  

Original German term: Fachdidaktik  

Specification: The German term ‘Didaktik’ is often confused with the Anglo-

Saxon meaning of ‘didactical’. The latter describes a method of instruction 

based mainly on the direct transmission of information from teacher to 

learner (often contrasted with the dialectic or Socratic Method). The German 

tradition of ‘Didaktik’ comprises a theory of planning and performing instruc-

tion and is closely bound to the German concept of ‘Bildung’. Didaktik “con-

cerns the analytical process of transposing (or transforming) human knowl-

edge (the cultural heritage) like domain-specific knowledge into knowledge 

for schooling, which contributes to the […] Bildung of young people.” (Duit, 

Niedderer, & Schecker, 2007, p. 601) 

 

Trainee teacher  

Original German term: Lehramtsanwärterin/ Lehramtsanwärter bzw. Refe-

rendarin/ Referendar 
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Specification: Candidate for a higher civil-service post [here: teacher, au-

thor’s note] who has passed the first state examination and is undergoing in-

service training (Langenscheidt, 1999). 

 

College of education  

Original German term: Studienseminar  

Specification: During the second phase (internship), the trainee teachers take 

classes in this central institution, usually on one day per week. These classes 

serve to reflect on teaching experiences, introduce methods and conceptions 

of teaching for the different subjects, and to guide the trainee teachers as 

they develop their professionalism as teachers. 
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13 Appendices 

The following pages present two appendices: 

 

Videographers’ Manual/ Manual für Videoaufnahme-Prozeduren 216 

Coders’ Manual/ Kodiermanual zur Videoanalyse 234 

 


