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INFORMATION FOR RESPONDING TO SECTION 1 OF THE QUESTIONNAIRE 
 
What knowledge is necessary for developing biological understanding at the 
secondary level? 
In response to the second research question, document analysis of the German National 
biology education standards (KMK, 2005) and biology curriculum for Lower Saxony (Nds. 
Kultusministerium, 2007) resulted in the identification of four hierarchical types of biological 
knowledge (Figure 1). 
 

 
 
 
Figure 1. Four types of biological knowledge that pupils are required to develop at the 
secondary school level 
 
Consider the total collection of biological knowledge analogous to a book and the following 
knowledge types as corresponding to the book’s constituents. 
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Type 1: Biological terms 

A biological term can be defined as conveying a limited fragment of biological knowledge 
(Figure 1). Arbitrary examples of biological terms could include antigen, antibody, enzyme, 
substrate, haemoglobin, alveoli, lungs, small intestine, villi and microvilli. Each biological term 
captures a varying ‘breadth’ of factual knowledge. For instance, the biological term DNA can 
be considered broad because it can be further divided into smaller elements of knowledge 
such as adenine and cytosine, while the biological term carbon may be considered a 
narrower term. In this respect, according to our definition, biological terms do not always 
convey equal ‘units’ of factual knowledge. Biological terms are the elements of biological 
meaning and are analogous with the ‘words’ of the biological knowledge ‘book’. 
 

Type 2: Biological concept 
If the relationship between a group of biological terms conveys a common biological meaning 
(e.g. a biological process), then this relationship exists as a biological concept (Figure 1). 
Similarly to a biological term, each biological concept can be thought of as existing on a 
‘broad’ to ‘narrow’ continuum depending on the extent of the biological meaning that is 
conveyed. For example, at the school level, the biological concepts human gaseous 
exchange and nutrient absorption in the human small intestine would be considered broad 
because many biological terms are required to communicate an extensive process. In 
contrast, the biological concepts antigen-antibody interaction and enzyme-substrate 
interaction are specific and require fewer terms for conveying narrower biological meanings. 
Analogously, biological concepts are the ‘sentences’ of the biological knowledge ‘book’. 
 

Type 3: Underlying biological principle 
If a group of different biological concepts together communicate an underlying biological 
meaning common to the group, then such a relationship can be defined as a biological 
principle (cf. Nds. Kultusministerium, 2007) (Figure 1). Examples of biological principles 
could include those of increased surface area (‘Prinzip der Oberflächenvergrößerung’), lock-
and-key principle (‘Schlüssel-Schloss-Prinzip’), cell theory (‘Zelltheorie’) and information 
paths in organisms (‘Informationswege im Organismus’). Underlying biological principles can 
be considered analogous with the ‘paragraphs’ of the biological knowledge ‘book’. 
 

Type 4: Biological fundamental 
If one underlying biological principle shares meaning with others, then together, they 
contribute to a biological fundamental (Figure 1). Eight overarching ‘Basiskonzepte’ 
contained in the Nds. Kultusministerium (2007) that (amongst others) include, 
compartmentalisation, regulation and control and variability and adaptation each serve as an 
example of a biological fundamental. The three overall ‘Basiskonzepte’ defined in the KMK 
(2005) document namely, system, structure and function, and development also each serve 
as an example of a biological fundamental (cf. Harms et al., 2004). For instance, the 
biological principles of cell theory and division of function, when considered together, can 
communicate an overarching meaning captured by the fundamental idea of 
compartmentalisation. In completion of the analogy, biological fundamentals are the 
‘chapters’ of the biological knowledge ‘book’. 
 



3 

 

 

INFORMATION FOR RESPONDING TO SECTIONS 2 AND 3 OF THE QUESTIONNAIRE 
 
What are experts’ views on the nature and role of transfer and translation in learning 
biology? 
Examples of expert interview excerpts drawn from the respective themes as well as the 
number of experts that contributed to each theme are used to illustrate our interpretations 
and reduction of the data (e.g. Eigner-Thiel & Bögeholz, 2004; Taylor & Corrigan, 2007). 
 

Theme 1: Transfer in biology requires the multifaceted use and application of 
knowledge 

Analysis of the interview data indicated that five experts placed a strong emphasis on 
characterising knowledge transfer in biology as pupils’ ability to ‘use’ or ‘apply’ knowledge 
that they have gained in one situation or context to another. For example, consider the 
following two expert quotes that illustrate this characterisation: 

I would say that [transfer] is the ability to use knowledge you acquired in one situation in 
another situation.  So, I think that you should make a distinction between acquisition of 
knowledge and the application of knowledge.  That is essential in transfer […] You acquire 
[knowledge] and you can apply it to another situation. (E5, 272-278). 

The most important [aspect] of the new curriculum reform is not the details of knowledge, but 
more [about] the process to get to know [acquire] this knowledge. And to see the ‘Anwendung’ 
[application], what your [learners] can do with this knowledge. So, in this way, you need this 
form of transfer, from one situation to another. (E9, 463-468). 
 

In addition, the experts also felt that pupils’ application of knowledge is a multifaceted and 
complex process, a view comprehensively demonstrated by the following two interview 
excerpts obtained from one of the expert participants: 

…there are three levels of complexity of transferring knowledge.  ‘Reproducing’, ‘reorganising’ 
and ‘transferring’.  There are two dimensions […] if the knowledge is applied to a familiar or 
unfamiliar context and whether or not that knowledge is applied in a changed or unchanged 
form. If it’s applied in an unchanged form in a familiar context, then it is reproduction.  If it’s 
slightly changed in a familiar context, then it is reorganisation… Then, we differentiate between 
close [near] and far transfer in terms of how much [change has] to be made to the knowledge 
in new contexts.  If it has to be restructured in big ways, it is far transfer. (E1, 145-154). 

…the theory of course, is that students can never and will never be able to apply or transfer 
knowledge if they have not been given the chance to do so, at least a couple of times.  So, that 
each time they apply knowledge, that knowledge is modified, and the ability to transfer is 
facilitated by these slight changes that are made in each situation. (E1, 207-211). 
 

In conjunction with considering transfer as the application of knowledge to new situations, the 
above quotes capture facets that mirror ‘specific’ and ‘unspecific’ transfer as well as 
‘proximal’ and ‘distal’ transfer discussed by Hasselhorn & Mähler (2000). The same expert 
also highlights that students’ application of knowledge depends on the requirements of the 
learning situation and on previous knowledge transfer experiences (cf. Hammann, 2006). 
 

Theme 2: Transfer in biology requires the application of knowledge in 
horizontal or vertical directions 

Consistent with our working definition for transfer, nine experts strongly communicated two 
possible ‘directions’ of knowledge application in biology. Horizontal transfer requires applying 
knowledge from one situation to another at the same level of biological organisation while 
vertical transfer requires applying knowledge to different levels of biological organisation. 
Horizontal transfer is demonstrated by the following two interview excerpts: 
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What comes into my mind is […] in the context of biological membranes […] the transfer from… 
the function of the mitochondrial membrane [to] the function of the thylakoid membrane. (E2, 
163-168). 

Well, if you analyse for example, a certain cell type and you transfer that knowledge to a 
different cell type, you don’t shift levels. (E1, 163-167). 
 

The above expert thinking attributes horizontal transfer to biology-specific contexts, an idea 
that may also complement the pragmatic definition of the BLK-expertise (1997) that focuses 
on horizontal cross-linking between subjects, rather than within each subject. In contrast, two 
examples of vertical transfer are exemplified by the following quotes: 

So, the basic concept of ‘system’ […] includes the different biological organisation levels […] If 
you have an understanding of this concept [system], that means that you are able to move from 
different levels of organisation.  So, you are able to transfer vertically. (E3, 75-81). 

Vertical transfer… if you take the example, why you have to breathe, you have a phenomenon 
that you can see… you have the ‘organismic’ and ‘organ’ level, and then you have the ‘tissue’ 
level and then you have the level of understanding why you need oxygen. These are three 
levels […] different levels to understand breathing, yes. (E10, 254-264). 

As part of the required different ‘directions’ of transfer expressed in this theme, consider 
the following excerpt concerning the interlinking and connection of knowledge: 

…it is more a horizontal conceptualisation, that you broaden your concept [at] a certain 
biological level… if you’re vertical, you connect the biological levels, the phenomena on the 
different levels […] in German they call it… ‘horizontale und vertikale Vernetzung’ [horizontal 
and vertical cross-linking and integration] […] connecting, interconnecting, interrelating 
horizontally, so, connecting concepts to other concepts and vertically relating concepts on 
different [biological] levels. (E5, 253-262). 
 

The expert datum above emphasises that learning biology requires pupils to make integrated 
connections in each of the horizontal or vertical directions. This supports the notion that if 
learners are to construct biological knowledge (which may also be available for potential 
transfer at a later stage), different ‘directions’ of application are necessary that consist of 
horizontal and vertical ‘Vernetzung’ processes. 
 

Theme 3: Horizontal and vertical transfer in biology requires accessing 
different ‘natures’ of knowledge 

According to three expert participants, the actual nature of the knowledge itself, which 
learners are required to apply during each of horizontal and vertical transfer is not equivalent. 
In support of this, consider the following two quotes: 

[With horizontal transfer] it is clear that I have knowledge in the one application and I transfer 
that knowledge to another example. But [with vertical transfer]… is it actually transfer of 
‘biology knowledge’ in this [vertical] direction?  If I have a cell containing DNA, I have to know 
about the DNA.  If I go up to the phenotype, I can see how a man or woman looks, for instance 
in albinism. But, for the connection between the DNA and the organism, I need a new [different] 
knowledge. Perhaps these two transfers [horizontal and vertical] are not equivalent. (E6, 156-
164). 

Application of knowledge on one level and, application of knowledge between the levels… you 
cannot apply the knowledge… which is adequate for one level to another level in the same 
way. (E4, 239-242). 
 

The expert data presented above suggests that performing horizontal transfer is akin to 
applying transfer elements or principles within one ‘common ground’ of knowledge while 
vertical transfer implies an additive connection of distinct knowledge elements or principles 
with new information (e.g. elements drawn from separate levels of biological organisation). 
Thus, the actual knowledge that is transferred in each direction is of a unique nature. 
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Theme 4: Translation in biology requires processing and interpreting the 
external features of an ER 

Initially, as part of translating across ERs, learners are required to process the visual 
elements contained in a single ER (e.g. symbols, conventions or external features in the 
case of a physical model). Students’ ability to process these visual features was expressed 
by four experts. For example, consider the following expert quote: 

…[pupils] have their knowledge and for example, they have to say, ‘what can I see [specifically] 
on this original picture [of a plant cell]?’[…] [pupils] must be very specific to say, ‘I can only see 
chloroplasts, and I can see the cell wall, but I can’t see the vacuoles’. (E10, 104-109). 
 

The quote above suggests that in order to process the features of an ER, students have to 
associate the visual elements with relevant biological content knowledge. In this regard, 
another two experts mentioned the following: 

…it is necessary to build up an internal representation in one’s mind based on the 
characteristics of the external object.  For example, for a model of osmosis, I have a box that 
represents… two cells.  I have a wall with holes that represents the cell membrane between the 
two cells and then there are different balls, smaller and bigger ones, where some can pass 
through and some cannot. (E6, 88-94). 

…in Mendellian genetics, it is particularly hard for students to understand what the meaning of 
‘boxes’ are with capital ‘A’ and small ‘a’, capital ‘B’ and small ‘b’ […] That is a matter of translation, 
because you have a symbol and you ask them to translate the symbol back to… the chromosome. 
(E1, 274-278). 
 

The first quote above suggests that processing ER features requires interpreting how 
features of the ER are related to elements of the biological idea that is represented (e.g. 
Schönborn, Anderson, & Grayson, 2002). Furthermore, the second quote suggests that 
interpreting an ER is challenging when pupils do not have the necessary biological 
knowledge. 
 

Theme 5: Translation in biology requires moving across more than one ER that 
convey the same biological idea 

Four experts expressed the view that pupils will face learning situations where they are 
required to translate across more than only one ER that depicts the same biological idea. For 
example, consider the following expert quotes: 

Translation… is very much related to building up a comprehensive understanding… by looking 
at an issue from different perspectives… using different representations because they have 
different strengths.  If you talk about haemoglobin… you are referring to for example… a 
chemical formula which is one mode, then a three-dimensional [ER]… which adds another 
level of understanding. (E1, 317-324). 

…they [students] learnt how to make a drawing from this original picture [micrograph of plant 
cells containing chloroplasts]. And then, this is very important I think, [for students] to learn 
from this original picture, some principles, yes, and every example [of different micrographs of 
plant cells] shows another thing. This is very difficult for pupils. (E10, 85-89). 
 

The first quote above indicates how different modes of representation may complement each 
other for harnessing a more complete understanding (e.g. Ainsworth, 1999). The second 
quote suggests that even the same ER mode (e.g. different micrographs) that represents the 
same idea (e.g. plant cell) can contribute to a more complete understanding. In turn, a single 
biological idea can present varying challenges to learners in that they depend on the types of 
ERs that are utilised (Schönborn & Anderson, 2009). 
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Theme 6: Translation in biology requires moving across more than one ER that 
convey different biological ideas 

Learning in biology also requires the interpretation of ERs that convey more than one 
biological idea. Here, learners are required to interpret ERs that each represent a different 
biological idea and thus, need to ‘move across’ each representation. Three experts 
mentioned that interpreting multiple ERs may involve moving across different biological 
ideas: 

For example talking about DNA and chromosomes… when dealing with this topic at the school 
level… showing what DNA looks like, you are just using symbols actually, because there is no 
other choice. So, for students, it is really difficult to, for example, differentiate between what 
DNA is and what chromosomes are. (E7, 1556-1560). 

…when looking at mitosis and meiosis, you have certain stages. And, for students it is very 
difficult […] looking at the microscopic picture and comparing it to let’s say, a figure in a 
textbook and seeing certain structures… organelles... (E7, 1461-1465). 
 

Based on the data above, we suggest that knowledge acquisition and understanding can be 
fostered by supporting pupils’ linking and integration of information from (multiple) ERs with 
existing knowledge, in order to develop a distinct understanding of different biological ideas 
(e.g. Ainsworth, 1999; du Plessis, Anderson, & Grayson, 2003). 
 
How might transfer and translation processes contribute to the development and 
application of biological knowledge? 

Acquiring and applying knowledge about biological concepts 
To construct understanding about a biological concept (type 2, Figure 1), learners may face 
the challenge of interpreting and linking ERs that all depict one specific biological concept. 
The ERs could depict the biological concept in the same or in varying modes of 
representation. Successful application of type 2 knowledge requires transferring knowledge 
about biological terms to the necessary biological concept that is being represented and vice-
versa (bi-directional arrow in Figure 1), a process that may involve the translation across 
ERs. For example, these requirements are illustrated by four different possible learning 
situations provided in pages 7 & 8 of this information booklet. Examples A1 and A2 require 
the transfer of elements of knowledge (cf. Hasselhorn & Mähler, 2000) concerning a 
biological concept (enzyme-substrate interaction or antibody-antigen interaction [see page 
7]) from one ER to another at the same level of biological organisation. Scenarios B1 and B2 
require integration of knowledge of a biological concept (nutrient absorption in the human 
small intestine or human gaseous exchange [see page 8]) by translating vertically between 
ERs at different levels of biological organisation. 
 

Acquiring and applying knowledge about underlying biological principles 
Constructing knowledge about an underlying biological principle (type 3, Figure 1) may 
involve interpreting ERs that each represent a different biological concept but together, 
depict one underlying principle. The ERs could convey the biological principle in the same or 
in different modes of representation. Successful transfer of type 3 knowledge requires the 
application of knowledge about biological concepts to knowledge of the underlying biological 
principle that is being depicted and vice-versa (bi-directional arrow in Figure 1). The four 
possible learning situations in pages 9 & 10 of this information booklet illustrate these 
requirements. Situations A1 and A2 require transfer of knowledge of an underlying biological 
principle (increased surface area or lock-and-key [see page 9]) from one ER to another by 
translating horizontally across ERs at the same level of biological organisation. Examples B1 
and B2 require the integration of knowledge of an underlying principle (cell theory or 
information paths in organisms [see page 10]) by translating vertically between ERs at 
different levels of biological organisation. 
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DEVELOPMENT AND APPLICATION OF TYPE 2 BIOLOGICAL KNOWLEDGE 

A: Biological concepts at the same level of biological organisation 

 

Example A1 - Biological concept: ‘Enzyme-substrate interaction’. 

Cognitive requirements for learners: Interpreting ERs in the same mode of representation  

 

 

 

 

 

 

 

Example A2 - Biological concept: ‘Antibody-antigen interaction’. 

Cognitive requirements for learners: Interpreting ERs in different modes of representation 
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B: Biological concepts at different levels of biological organisation 
 

Example B1 - Biological concept: ‘Nutrient absorption in the human small intestine’. 

Cognitive requirements for learners: Interpreting ERs in the same mode of representation 

 

 

 

 

 

 

 

 

 

 

 

Example B2 - Biological concept: ‘Human gaseous exchange’. 

Cognitive requirements for learners: Interpreting ERs in different modes of representation 

 

 

 

  

 

 

 

 

 

Alveoli 

Lungs 
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Oxyhaemoglobin 

Intestinal villi 

Small intestine 

Microvilli 
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DEVELOPMENT AND APPLICATION OF TYPE 3 BIOLOGICAL KNOWLEDGE 

A: Underlying biological principles at the same level of biological organisation 

 

Example A1 - Underlying biological principle: ‘Increased surface area’ principle. 

Cognitive requirements for learners: Interpreting ERs in the same mode of representation 

 

 

 

 

 

 

Example A2 - Underlying biological principle: ‘Lock-and-key’ principle. 

Cognitive requirements for learners: Interpreting ERs in different modes of representation 

 

 

 

 

 

 

Folding of 
inner 
mitochondrial 
membrane 

  

Folding of 
endomembrane 
into Golgi 
apparatus 

Stacking of 
thylakoid into 
granum 

Enzyme-
substrate 
binding 

Antibody-
antigen 
binding 

Hormone-
receptor 
binding 
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B: Underlying biological principles at different levels of biological organisation 

 

Example B1 - Underlying biological principle: ‘Cell theory’ principle. 

Cognitive requirements for learners: Interpreting ERs in the same mode of representation 

 

 

 

 

 

 

 

 

 

 

 

Example B2 - Underlying biological principle: ‘Information paths in organisms’ principle. 

Cognitive requirements for learners: Interpreting ERs in different modes of representation 

 

 

 

 

 

 

 

 

All cells come from 
pre-existing cells 

All living things are 
made up of cells 

The cell is the 
structural and 
functional unit of life 

Nerve cells 
communicate through 
synapses 

Neurotransmitters are 
chemical messengers 
between neurons and 
other cells 

The central nervous 
system consists of the 
brain and spinal cord 
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