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Abstract It is argued that knowledge about models is an important part of a profound
understanding of Nature of Science. Consequently, researchers have developed differ-
ent ‘levels of understanding’ to analyse students’, teachers’, or experts’ comprehension
of this topic. In some approaches, global levels of understanding have been developed
whichmirror the idea of an understanding of models andmodelling as a whole. Opposed to this,
some authors have developed levels of understanding for distinct aspects concerning models
and modelling in science (i.e. aspect-dependent levels). This points to an important issue for
science education research since global conceptualisations might lead to less differentiated
assessments and interventions than aspect-dependent ones. To contribute to this issue, the
article summarises conceptualisations of both global and aspect-dependent levels of under-
standing models and modelling that have been developed in science education. Further,
students’ understanding of the aspects nature of models, multiple models, purpose of models,
testing models, and changing models has been assessed (N=1,180; 11 to 19 years old;
secondary schools; Berlin, Germany). It is discussed to what extent the data support the notion
of global or aspect-dependent levels of understanding models and modelling in science. The
results suggest that students seem to have a complex and at least partly inconsistent pattern of
understanding models. Furthermore, students with high nonverbal intelligence and good marks
seem to have a comparatively more consistent and more elaborated understanding of models
and modelling than weaker students. Recommendations for assessment in science education
research and teaching practice are made.
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Introduction

The importance of models and the modelling process for scientific communication and for
scientific reasoning is described extensively (e.g. Adúriz-Bravo 2012; Coll and Lajium
2011; Giere 1988, 2006; Harré 1970; Suckling et al. 1978). According to philosophical
authors, the purpose of models in science is multifaceted. For example, models support the
development of scientific theories, they facilitate the testing and revision of scientific
theories, they mediate between theory and phenomenon, they substitute theories, they allow
the description and interpretation of data, they are part of scientific explanations, they guide
experimentation, and they promote creative insight and imagination (e.g. Bailer-Jones 2003;
Frigg and Hartmann 2006; Magnani and Nersessian 2002; Morgan and Morrison 1999;
Odenbaugh 2005).

Modelling is not only important for scientific communication and reasoning but is also seen as
‘a key process in teaching and learning science’ (Acher et al. 2007, p. 399). Therefore, models are
‘effective pedagogical tools’ for teaching scientific literacy (Halloun 2007, p. 653). Ever since the
importance of models for science education has been recognised (e.g. Clement and Rea-Ramirez
2008; Gilbert 1991, 2004; Gilbert and Boulter 1998, 2000; Justi and Gilbert 2000; Khine and
Saleh 2011; Koponen 2007; Windschitl et al. 2008), many studies have been conducted
concerning this issue. For instance, Gericke and colleagues analyse the way models are described
in science textbooks (Gericke and Hagberg 2010) and its relation with students’ concepts of
models and modelling in science (Gericke et al. 2012). Wang and Barrow (2011) investigate
students’ ability to think with mental models. Furthermore, several studies analyse students’
(Chittleborough et al. 2005; Grosslight et al. 1991; Grünkorn et al. 2011, 2012; Treagust et al.
2002), prospective teachers’ (Crawford and Cullin 2004, 2005), experienced teachers’ (Van Driel
and Verloop 1999, 2002; Justi and Gilbert 2003), or scientists’ (Van Der Valk et al. 2007)
understanding of models and modelling in science. In some of these approaches, the respondents’
understanding ofmodels is described in terms of different ‘levels of understanding’ (e.g. Crawford
and Cullin 2005; Grosslight et al. 1991; Grünkorn et al. 2011). For example, Grosslight et al.
(1991) developed three global levels ‘of thinking about models, reflecting different epistemolog-
ical views about models and their use in science’ (p. 817). In contrast to the development of such
global levels, aspect-dependent levels of understanding models and modelling in science have
been developed, too. For example, Crawford and Cullin (2005) differentiate between five aspects
of models andmodelling in science and propose levels of understanding for each aspect. In sum, it
does not seem clearly investigated whether the assumption of global levels of understanding
models and modelling is appropriate for science education or not.

The importance of a theoretical conceptualisation of the understanding of models and
modelling in science arises from the perspective of both science teaching and assessment in
science education. Concerning teaching about models and modelling in science, Oh and Oh
(2011) recently developed five aspects (called ‘subtopics’) of models andmodelling which they
argue should be known by science teachers. Further, if a deep understanding of models and
modelling means to be aware of different aspects, students should study and discuss such
aspects in lessons about models and modelling. Regarding assessment, the theoretical
conceptualisation affects the outcome of a measurement—especially in quantitative research.
Therefore, the appreciation of different aspects of models and modelling allows a differentiated
insight into respondents’ understanding of this topic. However, there is always a trade-off
between a highly differentiated theoretical conceptualisation and economic tenets (the ‘princi-
ple of parsimony’; cf. Burnham and Anderson 2000). Therefore, empirical evidence is needed
to get insights into what extent themost parsimonious conceptualisation of the understanding of
models and modelling in science, the global approach, is appropriate to be used in science
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education research and practice. The present study contributes to this issue by analysing
students’ level of understanding of different aspects of models and modelling in biology by
analysing students’ patterns of understanding. In such an approach, the notion of global levels
of understanding would be supported if a consistent pattern of understanding across different
aspects was found (Justi and Gilbert 2003). However, inconsistencies in students’ understand-
ing between different aspects would support the idea of levels of understanding which are
dependent on different aspects of models and modelling (i.e. aspect-dependent levels of
understanding models and modelling).

In the following section, we summarise studies in which students’ or teachers’ understanding
of models and modelling in science is either conceptualised as being global or aspect-depen-
dent. It is concluded that there is still no consensus in science education research about how to
conceptualise respondents’ levels of understanding models and modelling. To analyse consis-
tencies in students’ levels of understanding across several aspects, the five aspects nature of
models, multiple models, purpose of models, testing models, and changing models are distin-
guished in the present study. It is pointed out to what extent these five aspects are also developed
by other researchers in science education and thus might be seen as important aspects of the
understanding of models and modelling in science.

Theoretical Background

Levels of Understanding Models and Modelling

In an exploratory study, Grosslight et al. (1991) assessed students’ understanding of models and
modelling in science. The authors interviewed thirty-three 7th formers and twenty-two 11th
formers and asked them both general questions about models and modelling in science and
questions about concrete instances (for example a toy airplane or a schematic diagram of the
water cycle). Based on the interviews, Grosslight et al. (1991) developed three global levels of
understanding models and modelling in science (cf. Carey and Smith 1993). The levels have
been developed based on Carey et al. (1989) who analysed students’ epistemological under-
standing of science. They can be called global since ‘they summarise the kind of understanding
and conceptions of models that emerged from the interview as a whole’ (p. 817) and each level
includes views about six different aspects of models and modelling, such as the role of the
modeller, testing models, or multiplicity in model building (Grosslight et al. 1991). In the
understanding of level I, students think of models as being simple copies of reality or toys.
Consequently, the purpose of a model is seen to be providing a simplified version of a real
object or process. If some parts of reality are not included in a model, students do not reflect on
this. In Grosslight et al.’s (1991) level II, students appreciate the construction of a model for a
concrete purpose. Hence, the modeller’s subjective ideas gain importance, which is why a
model does not have to match reality. However, the focus is still on the relation between the
model and the corresponding phenomenon and not on the model and underlying ideas or
hypotheses. Therefore, the testing of a model is seen as a testing of the workability of the model
object itself. Finally, a level III understanding is characterised by the view that the construction
of models has the purpose to develop and test ideas and not to provide replicas of reality.
Therefore, the active and selective role of the modeller is recognised and models are seen as
tools for testing and revising hypotheses about the corresponding phenomenon (Carey and
Smith 1993; Grosslight et al. 1991). Since each level summarises views about six different
aspects of models and their use in science, students were scored as ‘pure’ or ‘mixed’—‘pure’
describing students who showed the same level of understanding in at least five (out of six)
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aspects and ‘mixed’ for the other cases. In sum, Grosslight et al. (1991) assigned 67% of the 7th
formers as pure level I, 18 % as mixed level I/II, and 12% as pure level II. For the 11th formers,
23 % were assigned as pure level I, 36 % as mixed level I/II, and 36 % as pure level II. None of
the students reached a level III understanding. Although Grosslight et al. (1991) had to score
some students as ‘mixed’, they do not discuss in which aspects students reached a higher or
lower level of understanding, leading to a ‘mixed’ overall score. Furthermore, the authors do
not describe the different aspects in each level of understanding in detail.

The three levels developed by Grosslight et al. (1991) were used by Crawford and Cullin
(2005) to analyse the success of teaching units with dynamic computer modelling. However, the
authors expanded and refined Grosslight et al.’s three levels in order to describe aspect-dependent
levels of understanding models and modelling in science. Based on a review of relevant literature
(e.g. Van Driel and Verloop 1999; Justi and Gilbert 2003), Crawford and Cullin (2005) distin-
guished the five aspects (called ‘dimensions’): Purpose of models, designing and creating
models, changing a model, multiple models for the same thing, and validating/testing models.
Based on the differentiation between a limited, a pre-scientific, an emerging scientific, and a
scientific understanding, Crawford and Cullin (2005) developed three to four levels of under-
standing within each aspect: Three levels are described in the aspects designing and creating
models and validating/testing models since no limited understanding is developed by the authors
in these aspects, whereas four levels of understanding are developed for the other aspects.
Crawford and Cullin (2005) were able to describe positive changes in their respondents’
understanding of models and modelling after dynamic computer modelling. However, the
subjects ‘tenaciously held on to some scientifically uninformed views’ (p. 318). The authors
conclude that the description of aspect-dependent levels of understanding helps to uncover
teachers’ understanding in detailed way.

Justi and Gilbert (2003) asked teachers about models and worked out seven aspects which
are similar but not identical to the ones described by Grosslight et al. (1991) and Crawford
and Cullin (2005): Nature of models, use of models, entities of which the models are
composed, uniqueness of models, stability over time, making predictions, and accreditation
of models. Justi and Gilbert (2003) explicitly address the question of global levels in their
analysis and conclude that ‘data provide no support for the notion of “level” in the teachers’
understanding of the notion of “model”’ (p. 1381). In fact, most of the teachers showed a
complex pattern of understanding which varied across the different aspects and therefore did
not match the idea of global levels of understanding developed by Grosslight et al. (1991)
(Justi and Gilbert 2003).

In the work by Schwarz and colleagues, a learning progression about models and modelling
in science with the two major dimensions models as generative tools for predicting and
explaining and models change as our understanding improves has been developed (e.g. Baek
et al. 2011; Schwarz et al. 2009, 2012; Schwarz and White 2005). The first dimension reflects
that models are important generative tools which can be used to explain and predict something
about the corresponding phenomenon, whereas the second dimension focuses on the change-
able nature of models (Schwarz et al. 2009). In addition, four levels of understanding are
developed in each dimension which may be seen as global levels of understanding since they
include different aspects of models and modelling. For example, in the dimension models as
generative tools for predicting and explaining, level III refers to students who think of models
as supportive entities when thinking about scientific phenomena and who analyse different
possible models for one phenomenon (Schwarz et al. 2009). Hence, an understanding of the
aspects purpose of models, multiple models, and validating/testing models proposed by
Crawford and Cullin (2005) is included in this level of understanding. Recently, Schwarz et
al. (2012) described strengths and weaknesses of their theoretical approach. Among other
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things, the authors stress that in some cases it was not possible to assign students clearly to one
level of understanding, since indicators of different levels were found for individual students.
Therefore, Schwarz et al. (2012) developed sub-dimensions for each level, which describe
students’ understanding and acting more closely. For example, the dimension models as
generative tools for predicting and explaining has been differentiated into four sub-
dimensions (the model’s level of abstractness, audience and clarity of communication, evidence
or authority, relationship between model and phenomenon) each with aspect-dependent levels
of understanding. However, the authors do not describe the four levels of understanding for
each sub-dimension in detail.

Danusso et al. (2010) asked teachers three open-ended questions about models (What is a
scientific model?; What are its main components?; What are its main functions?) and devel-
oped a coding scheme based on a combined analysis of the teachers’ answers. In this coding
scheme, five levels of understanding (called ‘macro clusters’) are described. At each level, ideas
concerning the three questions are subsumed which is why these levels may be regarded as
global levels. For example, the highest level of understanding (macro cluster one) describes
teachers who understand a model as an ‘abstract representation of a phenomenon with the aim
of characterising and studying it’ (p. 886). Danusso et al. (2010) were able to assign each
respondent to one of the five levels of understanding. However, the authors state that a ‘non-
negligible percentage of prospective teachers gave incoherent responses’ (p. 885). The authors
do not describe this incoherency in detail, but it may hint at similar difficulties in the application
of global levels of understanding reported by Schwarz et al. (2012).

In sum, the studies sketched out above (Crawford and Cullin 2005; Danusso et al. 2010;
Grosslight et al. 1991; Justi and Gilbert 2003; Schwarz et al. 2009, 2012) provide ambiguous
answers to the question whether levels of understanding models and modelling should be
regarded as global or aspect-dependent. Whereas Danusso et al. (2010) and Grosslight et al.
(1991) developed global levels, both Justi and Gilbert (2003) and Crawford and Cullin
(2005) were not able to identify global levels of understanding across the different aspects.
Schwarz et al. (2009, 2012) developed global levels for each dimension and reported
difficulties in clearly assigning students to one level of understanding. Hence, the more
recent studies seem to support the view of Justi and Gilbert (2003) who suggest considering
different aspects concerning models and modelling in science and to make allowance for
complex patterns of understanding. However, consensus has not yet been reached because
many researchers base their investigation on the global levels developed by Grosslight et al.
(1991) or use them as a reference for the analysis of results (e.g. Chittleborough and
Treagust 2007; Harrison 2001; Harrison and Treagust 1996). Hence, there is no consensus
in science education research about whether there is an understanding of models and
modelling as a whole (i.e. global levels) or if the level of understanding varies between
different distinct perspectives (i.e. aspect-dependent levels). The present article addresses
this issue related to a theoretical structure of understanding models and modelling which is
called the ‘model of model competence’ (Upmeier zu Belzen and Krüger 2010).

‘Model of Model Competence’

Based on a review of relevant literature (e.g. Crawford and Cullin 2005; Grosslight et al. 1991;
Justi and Gilbert 2003) and theoretical reflections about the term ‘model’ (e.g. Mahr 2008)
Upmeier zu Belzen and Krüger (2010) developed the ‘model of model competence’. In
Germany, this structure is used to provide researchers with an analytical framework to inves-
tigate in detail both students’ comprehension of models and modelling and the success of
teaching units (Fleige et al. 2012; Grünkorn et al. 2011). In addition, practitioners can focus on
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the aspects described in the ‘model of model competence’ while teaching about models and
modelling (cf. Oh and Oh 2011). Finally, for the development of test instruments, it is essential
to know which aspects are relevant to understanding a given topic (Klieme et al. 2008).

The ‘model of model competence’ distinguishes the five aspects nature of models, multiple
models, purpose of models, testing models, and changing models (Table 1). Three (aspect-
dependent) levels of understanding have been proposed for each aspect (Upmeier zu Belzen and
Krüger 2010). Hence, the ‘model of model competence’ is similar to what Crawford and Cullin
(2005) proposed with their ‘Matrix of Modelling Dimensions’. In the following sections, the
levels of understanding as well as the five aspects are described more closely.

Levels of Understanding

Basically, level I and II refer to the ‘descriptive nature of models’, but level III refers to the
‘predictive nature of models’ which reflects the scientific perspective of models as research
tools (cf. Treagust et al. 2004; Table 1). Hence, three different views concerning each aspect are
described in the ‘model of model competence’ which represent an increasing ability to reflect
on models in biology (Upmeier zu Belzen and Krüger 2010). The ascending order of the three
levels in each aspect is based both on theoretical-normative and empirical considerations. Level
III in each aspect is related to an understanding of models as theoretical reconstructions and
research tools in science. Normatively, this is seen as a goal for science education (Bybee 2011)
and is also established in science education standards documents (e.g. AAAS 1993; KMK
2005; NRC 2000). Therefore, the three levels describe a normative frame about what students
(and teachers; cf. Justi and Gilbert 2003; Oh and Oh 2011) should know about models in
biology (or science in general). Therefore, students who are able to understand the perspectives
described in level III in each aspect are seen to have a more elaborated (i.e. more scientific)
understanding of models. Such a normative framework is also proposed by other authors (e.g.
Crawford and Cullin 2005; Grosslight et al. 1991). Furthermore, empirical findings suggest that
the predictive nature of models is understood only by a minority of students (e.g. Grosslight et
al. 1991; Grünkorn et al. 2011), and there is research evidence that models are seldomly used as
predictive entities in science classes (cf. Danusso et al. 2010). Recently conducted studies based
on the ‘model of model competence’ provide empirical evidence that the three levels in each
aspect reflect an increasing degree of difficulty (Krell 2012; Terzer and Upmeier zu Belzen
2011). However, it is not proposed by Upmeier zu Belzen and Krüger (2010) that students (and
teachers) should only understand the predictive nature of models (or level III in each aspect). It
is assumed that a profound understanding of models and modelling means to understand both

Table 1 The ‘model of model competence’ by Upmeier zu Belzen and Krüger (2010)

Level I Level II Level III

Nature of models Replication of the original Idealised representation
of the original

Theoretical reconstruction of the
original

Multiple models Different model objects Different foci on the
original

Different hypotheses about the
original

Purpose of models Describing the original Explaining the original Predicting something about the
original

Testing models Testing the model object Compare the model
and the original

Testing hypotheses about the
original

Changing models Correcting defects of
the model object

Revise due to new insights Revise due to the falsification of
hypotheses about the original
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their descriptive and their predictive nature. In the following, the five aspects by Upmeier zu
Belzen and Krüger (2010) are sketched out and compared with similar approaches of other
researchers in science education.

Nature of Models

Under the aspect nature of models, different ontological and epistemological beliefs about
the relation of a model to its original are described, similar to the description by Grosslight et
al. (1991): A model may be seen as an exact copy of the original (level I), or the possibility
(level II) or necessity (level III) of differences between the model object and the original may
be realised (Upmeier zu Belzen and Krüger 2010; cf. Grünkorn et al. 2011). Similarly,
Grosslight et al. (1991) described the aspect kinds of models, which refers to the relationship
between the model and its original but additionally include views about what can be
modelled (objects, abstractions) as well as what a model can be (e.g. objects, visual entities).
Treagust et al. (2002) developed tasks with rating scales and analysed the corresponding data
using an exploratory factor analysis (cf. Gobert et al. 2011). This approach resulted in five
factors, one of them labelled models as exact replicas which includes different views about
the extent to which a model is an exact replica of its original. Similar to the aspect nature of
models by Upmeier zu Belzen and Krüger (2010), Justi and Gilbert (2003) developed the
aspects nature and entities. The first describes different ontological beliefs about models
(e.g. a model is a reproduction of something, a model is a mental image). The second is
related to different possible originals of a model (e.g. an object, a process, an idea). Schwarz
et al. (2009) described the aspect models are generative tools for predicting and explaining
as an important aspect of meta-modelling knowledge. Recently, Oh and Oh (2011) wrote a
review article concerning models and modelling in science education and developed five
aspects which they argue should be understood by science teachers. One of them is the
aspect meanings of a model which is similar to the aspect kinds of models by Grosslight et al.
(1991) since it includes ideas about what can be modelled and how these entities (objects,
processes, or ideas) can be modelled (Table 2).

Multiple Models

The aspect multiple models focuses on the existence of different models representing the
same original (Upmeier zu Belzen and Krüger 2010; cf. Grünkorn et al. 2011). Hence,
different arguments against the idea of a model’s uniqueness (Justi and Gilbert 2003) are
summarised in this aspect (cf. Crawford and Cullin 2005; Treagust et al. 2002). In level I,
students explain differences between several models of the same phenomenon as differences
between the model objects themselves (e.g. literally different views, different angles,
different mode/symbols; Grosslight et al. 1991, p. 814). In level II, different models are
seen as ways to represent different parts of the original (Grünkorn et al. 2011). In level III,
models are seen as predictive tools. Consequently, differences between various model
objects occur because each is made for a different application (e.g. testing of another
hypothesis; cf. Crawford and Cullin 2005). This aspect was also developed by Oh and Oh
(2011) who called it the multiplicity of scientific models.

Purpose of Models

The aspect purpose of models summarises different views about the purpose of a model.
Similar to Treagust et al. (2004), three different purposes of models are distinguished by
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Upmeier zu Belzen and Krüger (2010): Models may be used to show (level I), to explain
(level II), or to predict (level III). Hence, the scientific use of models as research tools is seen
as the most elaborated understanding of the purpose of models (cf. Crawford and Cullin
2005; Grosslight et al. 1991). The aspect purpose of models has also been developed by
Grosslight et al. (1991), Treagust et al. (2002), Justi and Gilbert (2003), Crawford and Cullin
(2005), Schwarz et al. (2009), as well as Oh and Oh (2011). Specific purposes are highlight-
ed by some authors, for example the use of models as explanatory tools (Treagust et al.
2002), prediction (Justi and Gilbert 2003), or both (Schwarz et al. 2009) (Table 2).

Testing Models and Changing Models

In the aspects testing models and changing models as developed by Upmeier zu Belzen and
Krüger (2010), level I focuses on the testing or changing of a model object itself, level II on the
comparison of a model with its original, and level III on the application of a model. Again, level
I and level II refer to the descriptive nature of models, which focuses on ‘models of known
things and processes’ (Harré 1970, p. 40; italics in the original). Therefore, at level II, the testing
of a model is seen as a comparison between already known properties of the original and the
model. As a consequence of this the model may be changed, for example, to include additional
information, which was not considered when the model had beenmade (Upmeier zu Belzen and
Krüger 2010). In contrast, level III refers to the predictive nature of models or ‘models for
unknown mechanisms’ (Harré 1970, p. 40; italics in the original). From this point of view,
models are hypothetical entities which are used to make predictions about the original
(Odenbaugh 2005; Van Der Valk et al. 2007). Hence, the model is tested by evaluating the
generated predictions concerning the corresponding scientific phenomenon and would be
altered if these predictions turn out to be inappropriate (Upmeier zu Belzen and Krüger
2010). Both testing models and changing models are also developed by others (e.g. Crawford
and Cullin 2005; Schwarz et al. 2009; Treagust et al. 2002). Grosslight et al. (1991) only
described the aspect changing models but included different ideas about how a model might be
tested in the aspect purpose of models. Justi and Gilbert (2003) developed the aspect time,
which refers to reasons why amodel might change over time. Finally, Oh andOh (2011) did not
develop an extra aspect testing models but discuss the testing of models within the aspect
change in scientific models (Table 2).

Research Question and Hypotheses

The research question addresses the issue of global levels of understanding models and
modelling in biology: To what extent do students have a consistent understanding of the five
aspects nature of models, multiple models, purpose of models, testing models, and changing
models?

As outlined above, Grosslight et al. (1991) developed three global levels of understanding
models and modelling in science (cf. Carey and Smith 1993). However, Grosslight et al. (1991)
were not able to assign all respondents clearly to one level of understanding. Furthermore, there
are others who developed aspect-dependent levels of understanding (e.g. Crawford and Cullin
2005) and Justi and Gilbert (2003) found no support for the notion of global levels in their data.
Therefore, one can formulate the hypothesis (H 1) as follows:

H 1 The preference of level I, II, and III varies across the five aspects nature of models,
multiple models, purpose of models, testing models, and changing models.
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Referring to Grosslight et al. (1991), it is likely that students’ understanding of models
increases at higher levels of education. Furthermore, studies have shown that the understanding
of models and modelling is positively related to students’ science learning (Gobert and Pallant
2004; Schwarz and White 2005) and to the depth of students’ cognitive processing (Sins et al.
2009). Consequently, students with better marks may have a more elaborated understanding of
models and modelling in science. Clough and Driver (1986) argue that students’ response
behaviour, in general, may be affected by pre-existing, experienced-based, and intuitive ideas as
well as by formally acquired stable concepts. Hence, the extent of consistency in students’
response behaviour may be seen as an indicator for stable concepts concerning the assessed
issue. Hence, hypothesis two (H 2) is as follows:

H 2 Students with better marks and better cognitive abilities have a more consistent pattern
of understanding models and modelling than other students.

Methods

Instrument of Assessment

Task Format

On the basis of the theoretical structure of model competence by Upmeier zu Belzen and Krüger
(2010), forced-choice tasks have been deductively developed and qualitatively content validated
(Krell and Krüger 2010; Krell et al. 2012). In forced-choice tasks, a set of alternatives are
presented and respondents are asked to rank them in an order of preference, for example ‘most
like I think’, ‘median like I think’, and ‘least like I think’. When the alternatives are ranked
directly, the task is called a ranking task. Alternatively, respondents get several pairs, selected from
the set of alternatives, and have to select the more preferred alternative from each pair. These tasks
are called paired-comparison tasks (Brown and Maydeu-Olivares 2011; Hicks 1970; Maydeu-
Olivares and Böckenholt 2005). Because in both kinds of tasks respondents are ‘forced’ to choose
the most preferred alternative, ranking tasks and paired-comparison tasks are called forced-choice
tasks (Brown and Maydeu-Olivares 2011). There are several advantages of forced-choice tasks.
For example, they avoid effects of individually different interpretations of category labels, which
may occur in rating tasks, and also tied judgements are avoided completely (Böckenholt 2004).
Due to the advantages, the task format has already been used by others to assess students’
understanding of science (e.g. Chittleborough et al. 2005; Kleickmann et al. 2010).

In the present study, ranking tasks for the five aspects nature of models, multiple models,
purpose of models, testing models, and changing models (Table 1) were developed. In each
task, statements which represent the three levels of understanding of one of the five aspects are
presented as alternatives and respondents are asked to rank them in the order of their preference.
Figure 1 shows a task for the aspect purposes of models for illustrative purpose. In this task, a
possible student answer is exemplified. It reflects an understanding of the purpose of the palm
leaf’s model as explanatory (cf. Table 1). Due to their deductive development (Krell and Krüger
2010), the alternatives in each ranking task are rather abstract representations of the three levels.
Therefore, students’ responses are seen as indicators for their ‘theoretical understanding’ of
models and modelling (Treagust et al. 2004) or their ‘metamodelling knowledge’ (Schwarz et
al. 2009, 2012) concerning the five aspects. Both terms are used to describe ‘a type of nature of
science understanding’ (Schwarz et al. 2009, p. 634) about models, which is said to be related
to, but not identical to, students’ modelling ability (Schwarz et al. 2009; Treagust et al. 2004).
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Similar distinctions between the knowledge about models on the one hand and modelling skills
on the other hand have also beenmade by other authors (e.g. Gilbert and Boulter 1998; Henze et
al. 2007; Justi and Gilbert 2002).

Task Stems

In each task, a task stem introduces a biological model. Next to a short description of a
biological phenomenon (i.e. the original) and a model that represents it, one picture of the
model and one of the original is shown. Six different task stems have been developed, which
refer to different biological models: In the first task stem, a model of a palm leaf is pictured,
which represents the structure of a folded palm leaf (Fig. 1).

The second task stem introduces a model of a bee’s leg. This model refers to the hairy
surface of the leg and its function in collecting pollen. In the third task stem, a model of a
plant seed (Alsomitra macrocarpa M. Roem.) is explained and illustrated. It is due to its
structure that this seed is able to glide in the air for long distances. The fourth task stem
presents a model of the shape of the human foot arch and its relation to the foot’s stability.

Fig. 1 The ranking task, which refers to the aspect purpose of models, and the model of a palm leaf. In the
task stem, the model and the biological phenomenon are introduced. In the ranking task, the respondents have
to rank the three levels of the respective aspect. For illustrative purposes, one possible student answer is
pictured, which reflects the preference of level II (A)
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The fifth task stem shows and describes a model of a swallow’s pinion, which represents the
relation between the pinion’s shape and its features. Finally, a model of a dragonfly, which
especially focuses on the comparatively large and light wings of dragonflies (cf. Eisma
2012), is shown in the sixth task stem. Hence, all six models focus on the relation between
the shape or structure and the function of the original (or parts of the original). Therefore, the
models may be seen as functional models (Penner et al. 1997). Pictures of the models, which
have been used for the development of the task stems two to six, are shown in Fig. 2.

To allow for a non-biased comparison of the five aspects of understanding models and
modelling, the six task stems have been used to develop tasks for each aspect. Therefore, six
times five stem equivalent ranking tasks have been developed (i.e. tasks with identical task
stems; Martinez 1991). For example, there are five tasks (one for each aspect) with a task
stem referring to the model of a palm leaf. In sum, this faceted test design (Martinez 1999)
keeps the influence of task stems constant but systematically varies the aspect of under-
standing models and modelling in science.

Sample and Data Collection

Students from secondary public schools currently in 7th to 10th form (ms=8.46; sd=1.13) and
between 11 and 19 years old (ms=14.26; sd=1.35) in Berlin (Germany) answered the ranking
tasks (N=1,180), 544 students (44.7 %) were male and 626 students (51.5 %) were female, 10
students (3.8 %) did not specify their gender. As well as students’ understanding of models and
modelling, data relating to the students’ age, sex, form, reading skills, and marks in biology,
chemistry, physics, mathematics, German, and the first foreign language were also collected.
Regarding reading skills, both reading speed and reading comprehension were assessed using
the Reading Speed and Comprehension Test (in German: Lesegeschwindigkeits- und
Verständnistest; LGVT) developed by Schneider et al. (2007). In addition, nonverbal intelli-
gence as one aspect of students’ cognitive abilities was assessed using a subscale of the
Cognitive Abilities Test (in German: Kognitiver Fähigkeitstest; KFT, Skala ‘N2’).

Fig. 2 The biological models which have been shown and explained in the task stems two to six. Note that in
these task stems pictures of the corresponding original have also been shown as illustrated in Fig. 1. (© Picture
3: Ökopark Hartberg, Ausstellung Zukunft-Technik lernt von der Natur. © Picture 6: Eisma 2012)
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The present study took place within a larger assessment of students’ understanding of
models and modelling in biology education. In addition to the ranking tasks, the students also
answered open-ended (Grünkorn et al. 2011) and multiple-choice tasks (Terzer et al. 2011).
These tasks were developed using the same theoretical background as the ranking tasks (i.e. the
‘model of model competence’; Upmeier zu Belzen and Krüger 2010). Different task formats
were included in the assessment to get a broad insight into students’ understanding of models
and modelling because different cognitive abilities are needed to solve different task formats
(Martinez 1999). However, the present article focuses on the findings from the ranking tasks.

A balanced incomplete block design was developed to keep the total number of tasks for
every single student small (Giesbrecht and Gumpertz 2004). For the ranking tasks, 35
different test booklets were developed, each including 6 of 30 ranking tasks (20 %).
Consequently, the present study aims to provide information about students’ patterns of
understanding on the group level rather than investigating students’ individual concepts.

Data Analysis

In general, the raw data of a ranking task provides the respondents’ individual rank order
of the respective alternatives (Brown and Maydeu-Olivares 2011; Coombs 1950; Hicks
1970). Hence, the raw data of the developed ranking tasks provide an insight into which
level of each aspect is most, median, and least preferred by the students concerning the
six biological functional models. Since no external scale is provided to rate the three
levels individually, the data collected by the ranking tasks are called ‘ipsative data’
(Hicks 1970). However, in a qualitative approach it was found that students’ second
preference (i.e. ‘median like I think’) may not be content valid in some cases (Krell et al.
2012). Therefore, the ipsative raw data were transformed into ‘partially ipsative data’
(Hicks 1970) by scoring only the level that was ranked first (i.e. ‘most like I think’).
Since the three levels are assumed to be in an ordinal order due to normative and
empirical considerations (Upmeier zu Belzen and Krüger 2010), the students were scored
with 0 when they ranked level I as ‘most like I think’, they were scored with 1 when
they preferred level II, and with 2 when they preferred level III. Thus, the response
pattern exemplified in Fig. 1 would result in a score of 1 for this task. However, as
mentioned above, it is argued that students should understand both the descriptive nature
of models (levels I and II) and the predictive nature of models (level III). The distinction
between level I, level II, and level III modellers is made for analytic purposes in order to
be able to describe differences in students’ understanding of the five aspects.

Both Hypothesis 1 and Hypothesis 2 address students’ pattern of understanding models
and modelling related to the five aspects nature of models, multiple models, purpose of
models, testing models, and changing models. To analyse this pattern, a latent class analysis
(LCA) was conducted with the software Mplus (Muthén and Muthén 1998–2007). In a LCA,
students’ responses are analysed on the latent level, all variables are assumed to be (at least)
on a nominal level, and there are no restrictions on the kind of relation between the
(manifest) variables (Collins and Lanza 2010; Hagenaars and Halman 1989; Langeheine
and Rost 1988). Basically, a LCA computes different groups (i.e. latent classes) of students,
with each group consisting of students with a response pattern that is as homogenous as possible
but different to the response patterns of the other groups. Thus, the aim of a LCA is similar to
that of a cluster analysis (Kaufman and Rousseeuw 2005).

Analysing data using a LCA, one has to decide which LCA model fits the data best: ‘In
LCA a fundamental question involves deciding on the appropriate number of latent classes
to use to represent a data set’ (Collins and Lanza 2010, p. 87). To compare different LCA
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models, Mplus provides the indices AIC, BIC, and ssaBIC. These indices factor in the
parsimony, the sample size, and the likelihood of the LCA models—each index in a different
manner (Henson et al. 2007):

AIC ¼ −2 log ML kð Þ½ � þ 2 m kð Þ½ �;

BIC ¼ −2 log ML kð Þ½ � þ log nð Þ m kð Þ½ �;

ssaBIC ¼ −2 log ML kð Þ½ � þ log nþ 2ð Þ
.
24

� �
m kð Þ½ �:

Where -2log[ML(k)] represents the likelihood of the LCA model k, n labels the sample
size, and m(k) denotes the number of estimated parameter of LCA model k (Henson et al.
2007). The AIC does not include the parameter n. Therefore, this index does not consider the
sample size. Both the BIC and the ssaBIC include n, but the ssaBIC, which is a derivate form
of the BIC, does not emphasise the parsimony of the LCA model as strongly as the BIC
since n is replaced by (n+2)/24 (Henson et al. 2007). When comparing different LCA
models with these information indices, the smallest value of each index points out the
comparatively best LCA model. However, both the BIC and the ssaBIC are ‘better indicators
of the number of [latent] classes than the AIC’ (Nylund et al. 2007, p. 557), which is why
these indicators are used in the present study. However, the BIC and the ssaBIC often do not
identify the same LCA model as optimal (Collins and Lanza 2010). Therefore, one has to use
a combination of different insights to decide how many latent classes represent the data set
best (Collins and Lanza 2010).

It is an important characteristic of LCA that the subjects are not assigned to the different
latent classes in a deterministic but in a probabilistic sense. For diagnostic purposes, it is
common to classify each subject to the latent class with the highest probability of assignment.
Therefore, an ‘additional indicator [of model-goodness] is the average membership probability
within each [latent] class’ (Spiel and Glück 2008, p. 52). The higher this probability, the better
the LCA model is. Furthermore, one should analyse the item parameters for extreme values,
which indicate an estimated probability of 0 or 100 % to solve a task. The fewer extreme values
there are, the better the LCA solution is (Spiel and Glück 2008).

Findings

To analyse students’ patterns of understanding models and modelling, the appropriate LCA
model has to first be selected. Table 3 provides the information indices BIC and ssaBIC for four
different LCAmodels. Both indices indicate the LCAmodel with two latent classes as the most
appropriate to represent the data. The probability of assignment ranges from .82 to .91 for the
LCA model with two latent classes and from .78 to .82 (three latent classes), from .76 to .84
(four latent classes), and from .76 to .85 (five latent classes) for the other LCA models. In
addition, the number of extreme values increases with the number of latent classes: In the LCA
model with two latent classes, there are only four such cases, in the model with three latent
classes 36 cases, and even more in the other LCA models (66 and 102).

These findings consistently suggest that the response pattern is best represented using two
latent classes. The indices BIC and ssaBIC show that the two latent classes are the
comparatively best representation of the data when the likelihood and the parsimony of
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the LCA model as well as the sample size are taken into account. These latent classes have
probabilities of assignment of .91 (latent class A) and .82 (latent class B), which indicates
that the students, on average, could be assigned to one of the two latent classes with a
relatively high certainty. The latent classes consist of about 80 % or 944 students (latent class
A) and 20 % or 236 students (latent class B) of the sample.

Analysing Consistencies in Students’ Level of Understanding (H 1)

H 1 is related to the issue of global levels of understanding models and modelling and assumes
inconsistencies in students’ understanding of the five aspects. The LCA provides two groups
(i.e. latent classes) of students. In each latent class, the probability of ranking level I, level II, or
level III as ‘most like I think’ is estimated for the 30 ranking tasks. For further analysis, the
mean probabilities for each aspect were computed. Thus, in the following, both latent classes
are characterised by their average probabilities of preferring level I, level II, or level III in each
aspect. This allows a better comparison between the five aspects than by describing the
response behaviour in 30 single tasks. Furthermore, as mentioned above, stem equivalent
ranking tasks were developed to allow for a non-biased comparison between the five aspects.

The (average) preference probabilities of level I, II, and III estimated in the LCA vary
across the five aspects nature of models, multiple models, purpose of models, testing models,
and changing models. Figure 3 provides the response pattern for the two latent classes.

Students assigned to latent class A most probably prefer level II in the aspects nature of
models, multiple models, and changing models but level III in the aspect testing models. In
the aspect purpose of models, the preference probabilities of level II (40 %) and level III
(41 %) are quite similar and higher than of level I (19 %). In latent class A, level I has the
smallest preference probability in all aspects. The preference probability of level II is
relatively high and ranges from 40 to 57 %. Thus, students assigned to latent class A most
likely think that the biological functional models are idealised representations (nature of
models), that there are multiple models of the same phenomenon since they have different
foci (multiple models), that the functional models have the purpose of explaining the
phenomenon or predicting something about it (purpose of models), that the models are tested
by testing predictions that can be generated with them (testing models), and that the models
should be changed when there is new information about the original (changing models).

In latent class B, the preference probability of level I is higher than in latent class A in all
aspects. The students who were assigned to latent class B most probably prefer level I in the
aspects multiple models and purpose of models and least likely prefer level III in any aspect
(Fig. 3). Hence, students assigned to latent class B most probably think that biological
functional models are idealised representations (nature of models), that there are multiple
models of the same phenomenon since there are differences in the model objects themselves
(multiple models), that the functional models are used to show the phenomenon (purpose of
models), that the models are tested by comparing them with already known information

Table 3 The information indices
BIC and ssaBIC for the four LCA
models

BIC ssaBIC

Two latent classes 13,947.02 13,562.69

Three latent classes 14,187.26 13,609.17

Four latent classes 14,451.86 13,680.02

Five latent classes 14,746.05 13,780.45
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about the original (testing models), and that the models should be changed when there is new
information about the original (changing models).

Summarising, students in latent class A seem to have a more elaborated understanding of
the biological functional models based on the ‘model of model competence’ (Upmeier zu
Belzen and Krüger 2010) than students in latent class B. Furthermore, students in latent class
A have a more consistent pattern of understanding.

Analysing Differences Between Latent Classes A and B (H 2)

Table 4 provides the mean scores of the auxiliary variables for both latent classes. There are
significant differences between them for most of the variables (except reading speed and mark
in the first foreign language), and the students of latent class A consistently have a better mean
score in all auxiliary variables. For example, latent class A has a significantly better nonverbal

Fig. 3 The results of the latent class analysis. The preference probability of level I, level II, and level III for
the aspects nature of models, multiple models, purpose of models, testing models, and changing models. For
each aspect, the level with the highest preference probability is highlighted above the curves
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intelligence (ms=0.71; sd=0.21) than latent class B (ms=0.66; sd=0.25; p<.01). However, the
effect size is small (d<.2) to medium (.2<d<.5; Fritz et al. 2012) in all cases.

Discussion

Before contrasting the findings of the present study with related findings of other authors, some
methodological constraints have to be discussed. In the present study, 30 ranking tasks which
refer to 6 different biological functional models were developed. In each task, the students had to
choose one most preferred ranking option out of three ranking options, which represented three
levels of understanding as developed by Upmeier zu Belzen and Krüger (2010; Table 1).
Consequently, the present findings represent students’ understanding of the five aspects nature
of models, multiple models, purpose of models, testing models, and changing models concerning
biological functional models.

Additionally, the forced-choice tasks are likely to assess a theoretical understanding of
models and modelling and not students’ practical skills (cf. Henze et al. 2007; Schwarz et al.
2009; Treagust et al. 2004). Consequently, different findings may occur when the assessment

Table 4 Mean score (ms) and standard deviation (sd) of the auxiliary variables for the two latent classes A
and B

Variable Latent class ms sd p d

Reading (speed) A 47.39 27.88 .162 .10

B 44.44 29.60

Mark (first foreign language) A 2.69 0.90 .084 .13

B 2.81 0.90

Age A 14.31 1.36 .048 .15

B 14.11 1.35

Mark (German) A 2.75 0.83 .035 .16

B 2.88 0.81

Mark (biology) A 2.67 0.87 .030 .17

B 2.82 0.94

Mark (chemistry) A 2.74 0.98 .031 .17

B 2.91 0.99

Mark (mathematics) A 2.86 0.99 .009 .20

B 3.06 0.97

Form A 8.52 1.12 .002 .22

B 8.27 1.13

Nonverbal intelligence A 0.71 0.21 .003 .22

B 0.66 0.25

Mark (physics) A 2.68 0.93 .004 .22

B 2.88 0.92

Reading (comprehension) A 33.83 30.70 .000 .38

B 22.90 26.74

Significance (p) and effect size (d) of the t test. The variables are arranged by effect size. In Germany marks
range from 1 to 6, with 1 as the best mark. Reading speed and reading comprehension was assessed using the
LGVT (Schneider et al. 2007); the scores are percentile ranks. Nonverbal intelligence was assessed with the
KFT (Heller and Perleth 2000); the scores indicate the rate of right responses.
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tasks refer to other kinds of models or when students’ modelling abilities are assessed.
Furthermore, students were ‘forced’ to choose one preferred level of understanding in each
ranking task. On this basis, they were scored as level I, level II, or level III modellers. This
helps to uncover even slight differences in students’ ranking (cf. Böckenholt 2004).
However, as a result of the task format, the differences between the five aspects might be
overestimated. Therefore, additional investigations using rating scales or similar task formats
might be helpful to evaluate the effect of the task format in the present study. Finally, the
‘model of model competence’ (Upmeier zu Belzen and Krüger 2010) was used as the
starting point for the task development. Since a closed task format was used, it was not
possible to investigate whether there are additional important aspects concerning models and
modelling. According to international research findings, there are a few such perspectives.
For example, some authors developed an aspect which refers to the making of a model:
Designing and creating models (Crawford and Cullin 2005; Grosslight et al. 1991) or
constructing models (Schwarz et al. 2009). Justi and Gilbert (2003) describe another aspect
which belongs to the social accreditation of a scientific model. Since Oh and Oh (2011)
focus on what teachers should know about models and modelling in science, these authors
additionally developed the aspect uses of models in the science classroom. Furthermore,
Crawford and Cullin (2005) describe four levels of understanding in some aspects of their
‘Matrix of Modelling Dimensions’ (pp. 316–317), whereas three levels have been assumed
in the present study. Both issues could not be addressed within the methodological frame of
the present study, but they are investigated in another study using open-ended tasks as well
as hands-on tasks (Grünkorn et al. 2012). Despite of these constraints, the present study
suggests that students’ understanding of models and modelling is likely to vary across
different aspects.

The research question is concerned with the consistency in students’ understanding of
models and modelling in biology. Hence, this study investigated to what extent there are
differences in students’ level of understanding across the five aspects nature of models,multiple
models, purpose of models, testing models, and changing models. A LCA was conducted to
allow for a more differentiated analysis than would have been possible if doing an overall
analysis.

Analysing Consistencies in Students’ Level of Understanding (H 1)

Based on research findings about students’ and teachers’ understanding of models in science
(Crawford and Cullin 2005; Grosslight et al. 1991; Justi and Gilbert 2003; Schwarz et al. 2009),
it was hypothesised that there would be inconsistent patterns of understanding in students’
understanding of models and modelling (H 1). The findings support this supposition: In latent
class A, the scientific perspective of models as research tools (level III) is most likely preferred
in the aspects purpose of models and testing models but not in the aspects nature of models,
multiple models, and changing models. For instance, students’ who were assigned to this latent
class primarily think that models may be tested by testing conclusions that can be drawn from
them (testing models, level III) but do not prefer the corresponding ranking alternative that
models may be changed in order to acquire further (alternative) predictions about the corre-
sponding phenomenon (changing models, level III).

In latent class B, students think that models are idealised representations (nature of
models, level II) but simultaneously prefer to explain multiple models of one original with
differences in the model objects themselves (level I) and not with different foci on the
respective original (level II), for example. Hence, students in both latent classes show in-
consistencies in their understanding of models and modelling based on the levels described in
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the ‘model of model competence’. These findings support the results of others. For instance,
Justi and Gilbert (2003) found complex patterns of understanding models and modelling and
‘were not able to identify “profiles of understanding” for individuals that cut completely across
the seven aspects’ (p. 1381). Crawford and Cullin (2005) used the three general levels of
understanding by Grosslight et al. (1991) as a starting point to develop levels of understanding
for five different aspects of models and modelling (cf. Table 2). The authors emphasise: ‘The
expansion and refinement of the Grosslight et al. (1991) levels […] enabled us to fine-tune our
assessments and track small changes across participants’ (p. 320). Treagust et al. (2002) found
inconsistencies in students’ understandings of models. For example, they point out that students
think of models as exact replicas but simultaneously are aware of the multiplicity of scientific
models.

In summary, these studies suggest that students’ and teachers’ understandings of models and
modelling in science is likely to vary across different aspects. Consistently, the present findings
suggest that students may have aspect-dependent understandings of models and modelling in
science. Therefore, the findings support the suggestion of Justi and Gilbert (2003) to question
Grosslight et al.’s (1991) description of global levels of understanding models and modelling.
Whereas Crawford and Cullin (2005), Danusso et al. (2010), and Justi and Gilbert (2003) asked
teachers about their understandings of models and modelling, students were assessed by
Treagust et al. (2002). However, whereas Treagust et al. (2002) explicitly referred to scientific
models, biological functional models were used in the task stems of the present study.

Analysing Differences Between Latent Classes A and B (H 2)

It was hypothesised that students with a more consistent and more elaborated pattern of
understanding models and modelling would have better marks and better cognitive abilities
than other students (H 2). As discussed above, the students of both latent classes do not have a
consistent understanding of models and modelling in biology (Fig. 3). However, students who
were assigned to latent class A show a relatively consistent understanding compared to students
who were assigned to latent class B since in latent class A the probability of answering in one
specific level of understanding (level II) is relatively high and the probability of answering in
another level of understanding (level I) is relatively low across all aspects. So, students who
were assigned to latent class A seem to have a more stable concept (Clough and Driver 1986) of
models and modelling in biology. Furthermore, the students of latent class A show a more
elaborated understanding of models and modelling than students of latent class B (Fig. 3).
Therefore, the present findings support H 2: Consistently, students who were assigned to latent
class A have significantly better marks in the subjects biology, chemistry, physics, mathematics,
and German. They are significantly older and in higher forms. In addition, they have a better
nonverbal intelligence and better reading skills (Table 4).

The positive relationship between the understanding of models and modelling and
science learning (e.g. Schwarz and White 2005) as well as cognitive processing (Sins et
al. 2009) is well described. The present findings seem to support the suggestion that the
understanding of models and modelling in science is positively related to the understanding
of science and mathematics in school: Students with a more consistent and more elaborated
understanding of models and modelling (i.e. students assigned to latent class A) achieve
better marks in science school subjects as well as in mathematics. However, the effect size d
is relatively small, which reflects the fact that students in both latent classes have average
marks of about 3 in these subjects (Table 4). Therefore, the statistically significant differ-
ences between both latent classes concerning the marks indicate slight differences
between latent classes A and B, which may seem less important from a practitioner’s point of
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view. In a similar way, nonverbal intelligence seems to be (only) slightly positive related to an
elaborated and consistent understanding of the five aspects nature of models, multiple models,
purpose of models, testing models, and changing models (Table 4).

The present findings also suggest that students in higher forms may have a more
elaborated understanding of models and modelling in science. However, the effect size d
is small in this case, too (Table 4). The lack of relevant differences between students in
different school years may be explained by findings which propose that the scientific role of
models is sparsely discussed in science classrooms (cf. Danusso et al. 2010). As a conse-
quence of this, it is reasonable that students’ understanding of models and modelling does
not increase meaningfully over the years in school. However, the present study is not
longitudinal. Therefore, the development of students’ understanding of models and model-
ling and its relation to science learning in school needs to be investigated in more detail
(Patzke and Upmeier zu Belzen 2011).

Regarding reading skills, only reading comprehension but not reading speed is signifi-
cantly better in latent class A than in latent class B. Consequently, some students may have
scored poorly because of poor reading comprehension. The significant differences
concerning the German mark between latent class A and latent class B seem to support this
conclusion. However, with regard to reading comprehension, both latent classes A and B
show a relatively poor percentile rank of about 34 (latent class A) and 23 (latent class B).
These scores are still in the range of +/− one standard deviation, compared to the LGVT’s
norm group (Schneider et al. 2007). Hence, the students in both latent classes may be seen as
average to poor readers. Consequently, one of the reasons for the more inconsistent response
behaviour of the students assigned to latent class B may be their comparatively poor reading
comprehension skills. However, it is not likely that the differences between the two latent
classes’ understanding of models and modelling are influenced strongly by the differences in
their reading comprehension.

Implications

Two major implications may be derived from the present findings, one concerning the
assessment of students’ understanding of models and modelling and one concerning the
teaching about this issue.

As discussed above, the theoretical framework of a study may influence both the
development of assessment instruments and the interpretation of data. As a matter of
principle, a theory which describes different aspect-dependent levels of understanding
allows a more differentiated analysis than a global approach. However, for reasons of
parsimony, the degree of complexity should be kept as low as possible but as high as
necessary (cf. Burnham and Anderson 2000). Therefore, different aspects of models
and modelling (i.e. aspect-dependent levels of understanding) should only be taken
into account if they empirically improve the analysis of data. On the other hand, the
global approach would be appropriate to be used in science education research if
respondents show a consistent understanding across different aspects of models and
modelling (cf. Justi and Gilbert 2003).

The present findings suggest that a differentiated framework with aspect-dependent
levels of understanding models and modelling may help to analyse respondents’ under-
standing of this issue more precisely. For example, Fleige et al. (2012) assessed students’
understanding of the five aspects described in the ‘model of model competence’ (Table 1)
before and after lessons which had a focus on models and modelling in biology. The authors
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were able to show that in most cases students’ understanding significantly improved in only
a few of the five aspects. Such findings offer insights into which aspects of models and
modelling may be difficult to understand or which aspects may be discussed in depth within
a given teaching unit.

With reference to models and modelling, Justi and Gilbert (2002) proposed three major
aims of science education: (1) learning of major scientific models, (2) learning about the
nature of models and modelling, and (3) learning to use models (cf. Henze et al. 2007). In a
later article, Justi and Gilbert (2003) argue that a profound understanding about the nature of
models and modelling is reached when there is an elaborated view ‘in respect of each and
every one of the aspects’ (p. 1382). The present findings indicate that students may
understand some aspects of models and modelling in a more elaborated way than others.
Hence, in science classes, the nature of models and modelling needs to be discussed in a
differentiated way. The ‘model of model competence’ (Table 1) can be used as a theoretical
basis for such a discussion in order to develop understandings in the five aspects nature of
models, multiple models, purpose of models, testing models, and changing models.
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