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Abstract 
 

From the viewpoint of seeing language to be at the very core of teaching 
and learning, this thesis investigates teachers’ spoken language in the 
classroom in topics within genetics that are known to be both crucial and 
problematic. The study is based on the framework of Systemic Functional 
Linguistics (SFL). Four secondary school teachers in the Swedish 
compulsory school were observed and recorded through a whole sequence 
of genetics teaching. The empirical data consisted of 45 recorded lessons. 
The focus of the thesis is to determine how teachers talk about the 
relationships between the concepts of gene, protein and trait, which are 
central within genetics education. In a first study I investigated how the 
concepts of gene and trait were related in the context of Mendelian 
genetics. The results revealed that nuances in the teachers’ spoken 
language conveyed four major categories of meanings regarding the gene-
to-trait relationship: genes control traits, are identified by traits, have traits or 
are traits. Moreover it was found that the old Swedish term anlag was 
regularly used as synonym for both gene and trait. In a second study I 
examined how teachers addressed proteins in their lessons, and if and how 
they discussed proteins as a link between different organizational levels. 
The results showed that teachers commonly did not emphasize the many 
functions of proteins in our body. All teachers’ main message was that 
proteins are built. None of the teachers talked explicitly about genes as 
exclusively coding for proteins, which implies that the gene codes for both 
proteins and traits. To conclude, this thesis identifies several linguistic 
challenges in the teaching of genetics.  
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Introduction   

This thesis is concerned with the importance of language for teaching and 
learning genetics. The focus of the two comprising studies is teachers’ 
language while teaching genetics. The articles presented are grounded in a 
tradition where content is very intimately connected to language. From a 
view of seeing language to be at the very core of teaching, the linguistic 
perspective makes it possible to come very close to the content as it 
appears in the classrooms. The starting point was to investigate what is 
presented to students in the classroom in areas within genetics known to 
be crucial and problematic. This was done because genetics is known to be 
a subject that is at once both fascinating and difficult for students to 
understand. 

Ever-increasing knowledge about genetics has become a major influence 
on many aspects of modern society. New technologies are used in 
different fields, including archeology and human history, medicine, 
prenatal diagnosis, reproductive technology, genetically modified 
organisms (GMO), criminal investigation, cloning etc. Gene technology is 
also used in the production of vaccine, even if it is still in the experimental 
phase, there are attempts to produce vaccines against HIV. Gene therapy is 
another area within gene technology. All of this might not affect the 
individual citizen directly, but virtually everyone commonly encounters 
genetics in some aspects of their lives. Something that has grown more and 
more popular in recent years is Personalized Genomics, PG or “direct-to-
consumer genetics” (Bartol, 2012).  With an easy procedure one can send in a 
sample of cells to an internet based company, to have the genome 
analysed and in this way for example receive information about 
probabilities of getting certain diseases (e.g. 23andme1). The value of these 
tests have been criticized, partly for their insecurity according to the 
correctness, but also for the fact that many of the diseases do not have a 
cure, which makes it an ethical issue whether persons should be informed 
or not (Viidik, 2009). Still, this is a growing market and an area where 
people come in contact with genetics in their daily lives. Among the latest 
market developments are DNA-matching companies, where internet based 

                                                           
1 https://www.23andme.com/  
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companies match peoples’ DNA to find their “perfect partner” (e.g. gene 
partner2).  

Thus, although genetics has become an integral part of our society, the 
level of citizens’ understanding of the subject is uncertain. To be able to 
sustain a functioning democracy, it is important that citizens have the 
tools to make informed decisions, and to actively take part in the direction 
of the development of society. This is acknowledged in the body of 
research on socio-scientific issues (SSI), which deals with questions that 
have relevance for society and are linked to science (Sadler, 2004). Lewis 
and Leach (2006) showed in a study of over 200 students, aged 14-16, that 
to be able to reason in socio-scientific issues, e.g. gene technology, 
students need to have some basic understanding of the underlying science. 
The knowledge did not have to be extensive, but to be able to engage in 
discussions and identify important aspects, there was a need to have at 
least elementary understanding of the science related to the context of the 
SSI. Lewis and Leach (2006) discuss that it is not possible to teach students 
about every scientific detail that might be related to issues in their future 
lives, but that teaching should focus on basic core ideas. The argument 
that all people need some basic knowledge in genetics has also been 
pointed out in a report from the Swedish committee of genetic integrity 
(SOU, 2004:20), where both the importance of education in school as well 
as the need for education for adults are discussed. However, research on 
upper secondary students’ reasoning in SSI, show that the use of scientific 
knowledge is sparse, e.g. in reasoning about GMO (Christenson, Chang 
Rundgren & Höglund, 2012).   

The notion of the importance of citizens being able to make informed 
decisions in SSI, is also closely related to the research concerning scientific 
literacy. Literacy has been discussed in a variety of ways, of which Roberts’ 
(2007) view of literacy as divided into two visions has had a great impact 
on the research community of science education. Roberts (2007) identified 
two directions in the literature of scientific literacy which he named vision 
I and vision II. Literacy could either be focused on the science itself, 
“looking inward” and with the goal of educating people into a scientific 
career, vision I, or oriented to society and with the goal of science 

                                                           
2 http://www.genepartner.com/  
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education to educate well-informed citizens prepared to participate in 
society with some basic knowledge of science, vision II. Educating students 
with the goal of preparing them for making informed decisions, for 
example in gene testing, then falls under vision II. However, being able to 
understand and reason about scientific issues also include another aspect 
of scientific literacy, the more fundamental part concerning language and 
the ability to write and read. Norris and Phillips (2003) argued that the 
research about scientific literacy had paid less attention to this aspect of 
scientific literacy, which the authors named scientific literacy in the 
fundamental sense, in contrast to scientific literacy in the derived form, which 
is about the knowledge and educated aspects of literacy. It has been argued 
that literacy in this fundamental sense is crucial for science as well as for 
science education, and that there is a need for attention about this aspect 
since language is not to be seen as a tool mediating scientific ideas, but a 
constitution of science itself (Hand et al., 2003; Norris and Phillips, 2003). 
Yore, Bisanz, and Hand (2003) point out the role of language as central in 
scientific literacy (they name it science literacy, not scientific literacy) by 
writing (p. 691): 

Language is an integral part of science and science literacy – language is a 
means to doing science and to constructing science understandings; 
language is also an end in that it is used to communicate about inquires, 
procedures, and science understandings to other people so that they can 
make informed decisions and take informed actions.  

This view of language as inseparable from science and science education is 
central for the two studies in this thesis. The theoretical underpinnings are 
based in the field of linguistics and will be further presented in coming 
sections, but first I will give an overview of some issues that are related to 
teaching and learning genetics. 

 

 

Background 

The importance of genetics in different areas in our society makes it an 
important topic to teach in schools, since we are supposed to educate well-
informed citizens with a basic understanding of scientific concepts and 
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processes. However, it has been shown that university students find 
genetics to be one of the most difficult topics in biology (Bahar, Johnstone 
& Hansell., 1999), which indicates that students in compulsory school are 
also most likely to find the subject troublesome. Since the beginning of 
the 1980s, a considerable amount of research has been undertaken 
concerning educational difficulties in genetics. Existing research shows 
that students have difficulties with the subject, as shown in several reviews 
(Gericke, 2008; Knippels, 2002; Wood-Robinson, 1994).  

Knippels (2002) identified and categorized the difficulties within genetic 
education into five main areas: 1) domain-specific vocabulary and 
terminology, 2) mathematical content of Mendelian genetics tasks, 3) 
cytological processes, 4) abstract nature due to the sequencing of the 
biology curriculum and, 5) the complex nature of genetics where concepts 
and processes belong to different organizational levels (Knippels, 2002). 
Two of these problem areas, domain-specific vocabulary and terminology 
and the complex nature of genetics, are of specific relevance for the two 
studies in this thesis and will therefore be further explored in the following 
section. 

 

The terminology of genetics 

Before I discuss the different problems associated with the terminology in 
genetics, I will clarify what I mean by word, technical term and concept. It is 
known to be difficult to define exactly what a word is, but when I use 
word, I refer to a specific combination of letters that constitutes an entity 
in a text (Hultman, 2003), for example gene or DNA. These words have a 
form, i.e. a sound when they are spoken and a spelling when written, but 
they do not carry a description with them. That is, if we do not know the 
words before we can of course not understand what they mean by just 
hearing or reading them (Löbner, 2002). When technical term or just term is 
used, it refers to domain-specific words (Halliday & Martin, 1993), and is 
used to indicate that these are words that are connected to a specific 
subject matter. That is, gene is not just a word but it is also a technical 
term because it is a subject specific word within genetics. A concept could 
be described as the mental description of the meaning of the word 
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(Löbner, 2002). That is, if I talk about the concept of gene, I refer to more 
than the entity of the letters g-e-n-e in a text, but in a wider sense with an 
integral meaning. In the thesis I also commonly talk about the meaning of 
words or meaning of terms, which can be difficult to differentiate from 
concept. However, I see concept as a more general way of describing words 
and their meaning, e.g. the gene concept. By using meaning of words, I 
intend to focus on the specific meaning that a word can have, and the fact 
that the same word can have different meanings, for example the word 
gene can have the meaning as an actor or the meaning as a passive particle. 
This will be discussed further on. 

In science in general, there are many technical terms. These terms are a 
necessary resource for science in describing and explaining our world 
(Halliday & Martin, 1993), however, they can also cause difficulties for 
students (Fang, 2006). A recent study showed that students themselves use 
technical terms in a limited way (Frändberg, 2012). As Knippels (2002) 
summarized in her literature review, the extent and complex terminology 
in genetics could be confusing for students and a source of learning 
problems within genetic education. There are many technical terms which 
students should learn, but have been shown to have difficulties with. For 
example, students mix terms up, e.g. central but very different terms like 
gene and chromosomes can be used interchangeably (Lewis, Leach & 
Wood-Robinson, 2000).  

Terms within genetics are sometimes closely related both in meaning and 
in sound, which can be confusing for a learner (Bahar, Johnstone & 
Hansell, 1999; Pearson and Hughes, 1988,), e.g. mitosis and meiosis.  

Besides many terms with different meanings, there are also many 
synonyms in genetics, which contributes to an even larger terminology, 
e.g. gene, cistron or factor. Another problem is misuse of synonyms, i.e. 
terms that are not synonyms but are used as such, for example gene and 
allele (Pearson & Hughes, 1988; Wood-Robinson, Lewis & Leach, 2000), 
and the meaning of the term allele has been shown to be difficult for 
students to understand (Pashley, 1994; Lewis et al, 2000). Terms could also 
be misapplied in other ways (Pearson & Hughes, 1988). According to 
Allchin (2000), a common way to understand the term dominance, is that 
dominant alleles are inhibiting the recessive alleles to be expressed, which 
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is not the case, since both alleles are expressed in parallel and both mostly 
produce polypeptides. Dominance is just a discerned pattern, an effect, 
and not a property of an allele. Allchin (2000) discuss how the shift from 
talking about dominant traits where dominance were viewed as an effect, 
to talking about dominant genes, result in a view of dominance as a 
property of genes. 

Another problem with the terminology within genetics is the occurrence 
of obsolete terms, such as elemente and factor, which are old terms 
proceeding the term gene (Pearson & Hughes, 1988). While elemente and 
factor probably are not occurring in teaching situations any longer, the old 
term anlage is still in use, at least in Sweden and in Germany. However, the 
word3 exists also in the English language, even if it is not commonly used 
in a genetic context. In Sweden the word is anlag, without the letter e at 
the end as in German. In the Swedish national encyclopedia anlag is 
defined as either a group of cells that will give rice to an organ 
(Nationalencyklopedin, 2012). This is similar to the definition in the 
Oxford English Dictionary (2012), where the definition is: “The rudimentary 
basis of an organ or organism; or the first accumulation of cells recognizable as the 
beginning of a part or organ”. However in other dictionaries it is also defined 
as: “A genetic predisposition to a given trait or personality characteristic” (The 
Free Dictionary, 2012). This is also the case in Swedish dictionaries, where 
the word anlag could also be defined as predisposition (Svenska 
akademien, 2010). What differs in Swedish from English though, is that 
anlag could also be defined as a synonym for gene (Nationalencyklopedin, 
2012). This word could therefore have different meanings. The different 
meanings could be related to the context. For example, Strömdahl (2012) 
talks about the word heat, which has different meanings depending on if it 
is in a science context or if it is used in the colloquial language. The word 
anlag is commonly used in the Swedish colloquial language, as well as in 
the context of teaching Mendelian genetics, and it might be that the word 
is used with different meanings in the different contexts, since we 
sometimes use words differently in colloquial language and science 
language. 

                                                           
3 Note that I from now on commonly use word instead of term, since I will talk about both subject-
specific words as well as other words, and my aim is not to show a distinction between them. 
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Words that have different meanings are polysemous, which is due to the 
change of the words’ meaning over time (Löbner, 2002). The words with 
different but related meanings could be a source of ambiguity and 
difficulties, since the different meanings co-exist (Murphy & Koskela, 
2010). This is what happened to the word anlag in Sweden, according to 
the different definitions ranging from meaning predisposition to being a 
synonym for gene.  

A very central concept within genetics and genetics education is the gene. 
However, much research has shown that students from different age 
groups are having difficulties with understanding the gene concept (e.g. 
Boujemaa et al, 2010; Lewis et al, 2000; Marbach-Ad, 2001; Lewis & 
Kattman, 2004; Saka, Cerrah, Akdeniz, & Ayas, 2006; Venville, Gribble & 
Donovan, 2005; Venville & Treagust, 1998). One reason is that the gene 
concept is complex. However, what contributes to the complexity is that 
the term gene has a lot of different meanings that coexist in contemporary 
science, depending on the historical development (Griffiths & Stotz, 
2006). The term gene was coined 1909 by Wilhelm Johanssen. However, 
there have been many achievements through the history of science since 
then. Mishra (2010) describes the development of genetics from the ideas 
of Mendel up to contemporary sciences in six major breakthroughs; 1) 
Mendel’s rules of inheritance in 1866, 2) the theory of one gene one 
enzyme by Beadle and Tatum in 1941, 3) the discovery of the DNA-
structure by Watson and Crick in 1953, 4) the sequencing of whole 
genomes, starting in the beginning of 2000 and leading into the 
development of the field of genomics, 5) Proteomics, a field in strong 
development, which focuses on proteins and their interactions, and 6) is 
an upcoming science about creation of genomes, synthetic genetics.  This 
has changed the meaning of the gene gradually and the conception of 
what a gene does. Pearson (2006) discusses how Beadle and Tatum’s 
notion of the relation one gene-one enzyme from 1941 is no longer valid, 
since there are alternative ways in which the gene can function. For 
example, there are alternative splicing, where exons are put together in 
alternative ways, giving rise to different proteins, and there are overlapping 
genes, and genes within genes etc. Exons from different parts of a DNA 
stretch (even from different chromosomes) can be but together as 
information for a protein and therefore it is problematic to talk about 
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genes as discrete units, since the information is more of a continuum 
(Pearson, 2006). Therefore, the gene is no longer to be seen as a physical 
unit, and instead of the common notion that there are “genes for” traits, 
we should see it as a complex system (Falk, 2012). Meyer and colleagues 
(2011) as well have discussed what is called “the crisis of the gene 
concept”. With all the new knowledge we have in molecular biology 
nowadays, the gene is sometimes discussed as being outmoded (Pearson, 
2006) and there are even new terms suggested for the gene, e.g. denes, benes 
and genitors (Keller & Harel, 2007). 

As described above, science has come a long way from the time of Mendel 
in the nineteenth century to the recent accomplishments in genetics of 
today and due to this, the meaning of the term gene has changed, resulting 
in a term with an unclear definition. However, even if they discuss the 
discrete classical molecular gene as being outmoded and different 
alternative explanations are proposed in the literature, it is still 
recommended that students at school should be taught about the classical 
molecular gene concept, but with a notion about this concept being 
problematic (Meyer et al. 2011). However, few students have a view of the 
gene which is in line with this view. (Lewis & Kattman, 2004; Venville & 
Treagust, 1998).  

The varying meanings of the gene concept have been discussed by many 
authors (e.g. Falk, 2012; Flodin, 2009; Gericke & Hagberg, 2007, 2010b; 
Griffiths & Stotz, 2006; Pearson, 2006; Portin, 1993; Venville & Donovan, 
2005). A major issue then is to address in what ways this ambiguity of the 
gene concept has significance on teaching genetics within school science? 
One major problem with the different meanings of the gene is that it 
contributes to an inconsistent presentation in textbooks, which could 
contribute to students’ problems in learning genetics (Gericke & Hagberg, 
2010a,b; dos Santos, Joaquim & El-Hani, 2012). Gericke and Hagberg 
(2007) categorized five different historical models from an analysis of the 
history and philosophy of genetics. Each of the five models differently 
described the gene and its function. The models were ranging from the 
early model of the gene as an abstract entity not separated from the trait 
(Mendelian model) to the most developed model, where the gene is seen 
rather as a process and not as a distinct material entity (the Modern 
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model). The models were then developed into a research instrument that 
when used in a textbook analysis revealed, among other things, that 
different aspects of historical models were used in textbooks in a mixed 
way, resulting in hybrid models that presented an incoherent description 
of the gene (Gericke & Hagberg, 2010a,b). This way of portraying genetics 
has been shown to be a common textbook discourse in many different 
countries ranging from Australia, Europe, North-America as well as South 
America (Gericke, Hagberg, dos Santos, Joaquim & El-Hani, 2012; dos 
Santos et al. 2012). Also Flodin (2009) shows an inconsistent presentation 
of the gene in a university textbook. Moreover when students are 
confronted with this conceptual variation of genetics within their own 
textbooks it has been shown that they have difficulties understanding the 
genetic content (Gericke, Hagberg & Jorde, 2012). These results indicate 
the complexities of teaching genetics and the importance of language. 

To conclude, within genetics and genetics education: 

 There are many technical terms, i.e. subject specific words  

 Words could sound similar, but have different meanings.  

 Synonyms add to the amount of words. 

 Words could be wrongly used as synonyms.  

 Words could have different meanings depending on the context.  

 There are obsolete words, sometimes abandoned and sometimes used 
with new meanings 

 There are words with several meanings existing in parallel, developed 
through history.  

 The gene concept is the most central concept within genetics, with a 
disputed meaning. 

 All above bullets has been shown as important for teaching and 
learning genetics. 

 

The micro-macro problem 

Besides the terminology, the other area of problems defined within genetic 
education that is relevant for my study is the micro-macro problem 
(Knippels, 2002). It has been argued that teaching should focus on helping 
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students to develop the ability to move between different biological 
organizational levels (Schönborn & Bögeholz, 2009). The educational 
difficulties associated with the fact that some subjects exist on different 
organizational levels, has been addressed in the research literature for some 
decades. Johnstone (1982) described this multilevel problem from a 
chemistry education point of view, where he identified three different 
levels on which trained chemists think of their subject. The first level, the 
descriptive and functional level, is the level where we see materials and 
substances and which properties can be described in terms of for example 
color. This level is thus on the macro level. The explanatory level, where 
atoms, molecules and ions are used to make explanations, is on a micro 
level. Relating to both macro and micro is the representational level, 
where substances are represented by symbols, i.e. chemical formulae. 
Johnstone (1982) argued that chemists have no problem with the mental 
jumps between these levels, but students, who are operating on the 
descriptive and functional level, could experience major problems. 
Johnstone (1982) mention genetics as another subject that deals with 
several levels, something that Bahar et al. (1999) developed further by 
transferring the levels to a genetic context and visually represent the 
different levels in a triangle. The macro level on top of the triangle is 
connected to morphological characteristics accessible to the senses, while 
the sub-micro level is not accessible by senses, e.g. genes and alleles. The 
symbolic level is connected to the symbols used in genetics, e.g. letters for 
alleles. In conformity with Johnstone (1982), Bahar et al. (1999) point to 
the difference between the expert and the novice, where the teacher can 
move without problem from corner to corner in the triangle or operate 
inside the triangle where concepts belong to different levels at the same 
time, while this is a thinking skill that is very demanding for the student. 
Another way of structuring the different levels was done by Marbach-Ad 
and Stavy (2000) who drew on Kapteijns (1990) work. According to them, 
biological phenomena are divided into three levels, but with micro 
subdivided into micro (cellular phenomena) and sub-micro (biochemical 
structures).  

Central in genetics is the notion of how genes affect our traits. Duncan & 
Tseng (2011) argue that schools would prepare students better for 
participating in contemporary issues within genetic in society, if focus were 
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on core ideas, such as the mechanism between gene and trait, where 
proteins have a crucial role in the pathway gene-protein-physical trait. This 
is complicated though, because it involves different levels of organization 
since gene and trait are concepts belonging to different levels. What 
happens between gene and trait is sometimes described as “a black box” 
and this gene-trait relation is known to be an educational challenge (e.g. 
Duncan & Reiser, 2007; Lewis & Kattman (2004), Marbach-Ad & Stavy, 
2000; Venville & Treagust, 1998).  

Teachers are recommended to help students to see the relationship 
between different concepts and different levels of organization. (e.g. 
Venville and Treagust, 2002). Researchers have been arguing that it is 
important to teach about the relation between gene and trait in a way that 
involves a mechanistic explanation including proteins, i.e. the pathway 
gene-protein-trait (Allchin, 2000; Duncan, 2007; Duncan & Reiser, 2007; 
Duncan, Rogat & Yarden, 2009; Duncan & Tseng, 2011; Venville & 
Treagust, 2002).  

It is recommended in research that teachers should address the importance 
of proteins, how the proteins mediate genetic effects and their multiple 
functions in the body (Venville & Donovan, 2005; Venville & Treagust, 
2002, Duncan & Reiser, 2007; Duncan et al., 2009). Proteins play a crucial 
role in the body and they carry out many different tasks. For example, 
structural proteins, transport proteins, storage proteins, regulatory proteins, 
catalytic proteins like enzymes, and proteins in the immune system (e.g. 
Lesk, 2007). The increasing recognition of proteins as an important key 
issue for the understanding is not just seen within education. A greater 
focus on proteins is also seen within science. As mentioned in the previous 
section about terminology, one of the major breakthroughs as identified 
by Mishra (2010) is proteomics. Proteomics focuses on proteins and their 
interactions and is a field that has developed rapidly since the middle of 
the 1990s and it continues to expand (Wilkins et al., 2006). 

However, students have problems with connecting phenomena related to 
different levels and with the intermediate processes (Marbach-Ad and 
Stavy, 2000) and do not have an understanding of  proteins as central in 
mediating the effects at higher organizational levels (Duncan and Reiser, 
2007). Venville & Treagust (1998) examined how 14-15 year old students’ 
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conceptions of genes developed and found four different models; the gene 
is viewed as a passive particle, the gene as an active particle, the gene as a 
sequence of instructions and, the gene is as a productive sequence of 
instructions, i.e. an understanding of the connection between genetic 
code, proteins and phenotype (see figure 1). The last model is regarded as 
the most developed model and what teaching might strive for. However, 
this model of the gene as a productive sequence is rarely reached by 
students (Duncan & Reiser, 2007; Venville & Treagust, 1998). Most of the 
students had a conception of the gene as an active particle even after 
instruction and did not develop an understanding of the connection 
between genetic code, proteins and phenotype (Venville & Treagust, 
1998.)  

 

Figure 1. Venville and Treagusts (1998) different mental models of the gene  

Studies have also shown that students could have a view of gene and trait 
as being the same thing (Lewis & Kattman, 2004; Marbach-Ad, 2001; 
Venville et al., 2005). This is argued to be a barrier of learning about the 
intermediate stages between gene and trait. Seeing gene and trait as one 
and the same entity will hinder a need for an understanding of the 
intermediate stage (Lewis & Kattman, 2004).  

According to Duncan and Reiser (2007), students tend to think about 
genes as coding for either proteins or traits, that is, they see genes as 
having information for phenomena at different organizational levels. This 
means that they think of genes as responsible for protein production and 
responsible for a trait, like eye color, and these things are different and 
separated aspects. A challenge is therefore to make students understand 
that coding for sequences of amino acids, and nothing else, is what 
mediates the effect on the macro level. This is also addressed by van Mil, 
Boerwinkel and Waarlo (2011). 
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Textbook studies that have been undertaken show that textual-parts 
dealing with the molecular context in genetics rarely make connections to 
the macro level (Verhoeff, Boerwinkel & Waarlo, 2009). Furthermore, 
much of the genetic context presented in many textbooks from different 
countries commonly use explanatory models of gene function which do 
not include proteins as a linkage between gene and trait (Gericke & 
Hagberg, 2010 a,b; Gericke, Hagberg, dos Santos, Joaquim & El-Hani, 
2012; dos Santos et al. 2012). Rather, older historical views of the gene and 
its function still play a prominent role in textbooks (Gericke & Hagberg 
2010 a,b). From this we can conclude that the textbooks might not 
support a development of students’ understanding of proteins central role 
in connecting micro with macro level within genetics. 

Design studies have shown some positive results in students’ learning by 
focusing on proteins as an intermediate link between the organizational 
levels (Tsui & Treagust, 2007; Tsui and Treagust, 2010). Eklund and 
colleagues (2007) designed a teaching unit with focus on the gene-protein 
relation, and noticed that there were linguistic challenges within the topic. 
However, language was not the focus of their study and was not further 
investigated. 

 

The Swedish curricula 

This thesis is focused on the teaching in the last year of Swedish 
compulsory school, grade nine. For some students, this might be the last 
time they study biology. What is taught in compulsory school is what lays 
the foundation of the knowledge that every citizen should have. Therefore 
I think it is of specific interest to look deeper into the teaching of genetics 
at this age level, since this constitutes the common base for the knowledge 
in our society.   

The curriculum in Sweden is not prescribing in detail what should be 
taught. At the time of the data collections for the two articles in this thesis, 
the curriculum was Curriculum for the Compulsory School System, the Pre-
School Class and the Leisure-time Centre, called Lpo 94 (Swedish National 
Agency for Education, 2006). This curriculum was replaced with a new 
curriculum in 2011, Curriculum for the compulsory school, preschool class and the 
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leisure-time centre, called Lgr 11 (Swedish National Agency for Education, 
2011).  

Lpo 94 was goal-oriented, which means that different goals to be reached 
by the students were described, but without detailed descriptions about 
the content to be taught. These goals were described in the syllabus related 
to the curriculum, which was revised in the year of 2000 (Swedish 
National Agency for Education, 2000). In this syllabus, some of the goals 
were Goals to aim for. Another type of goals was Goals that pupils should have 
attained, i.e. goals that every student was supposed to have reached at the 
end of compulsory school (at the age of 15-16). The goals were not 
grouped according to a specific topic, e.g. genetics, but all biology learning 
goals that students should reach were divided into three headlines; 
concerning nature and Man, concerning scientific activity, and concerning use of 
knowledge. That is, teachers were not guided by the curriculum what to 
teach in genetics specifically, but had to make sure that the teaching 
content all together covered enough for the students to reach the goals. 

Under the heading nature and Man, there were five goals to aim for within 
biology, for example4:  

[The school in its teaching of biology should aim to ensure that pupils] 
develop their knowledge of the structure of the human body and its 
functions.  

Under the heading concerning use of knowledge, one of the two goals was 
that:  

[The school in its teaching of biology should aim to ensure that pupils] 
develop the ability to discuss questions concerning health and inter-
personal relationships on the basis of relevant biological knowledge and 
personal experiences. 

Of the nine learning goals in biology that pupils should have attained by 
the end of the ninth year in school, two could be seen as directly related to 
genetics. As mentioned, the goals were not explicitly related to a topic 
within genetics. However, two of the goals included some words 
commonly recognized as genetic, e.g. genes, inheritance or gene 

                                                           
4 The citations are received electronically from a web page. Thus, there are no references to page 
number. 
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technology. One of them was under the heading concerning nature and 
Man:  

[Pupils should] have a familiarity with genetic heredity.  

The other goal was under the heading concerning use of knowledge:  

[Pupils should] be able to use not only scientific, but also aesthetic and 
ethical arguments in issues concerning the preservation of different types 
of nature and diversity of species, as well as the use of genetics.  

Thus, students should be able to use scientific arguments concerning the 
use of genetics. 

This might not seem to be many goals, but overall in the whole curricula 
and in the syllabus, there were many goals that every teacher should take 
account of, however not explicitly related to the subject matter. Besides 
the goals, there was also a description of the character of the subject 
biology in the syllabus (Swedish National Agency for Education, 2000), 
i.e. how school biology should be understood. Under the heading The cell 
and living processes, the text are related to genetics:   

Scientific explanations for most of the phenomena and functions, which 
pupils experience and observe within themselves and their surroundings, 
can be found in a knowledge of cells. This knowledge, and particularly 
knowledge about a cell's internal processes, has opened up new 
opportunities in e.g. genetics. These opportunities create change in Man's 
living conditions, which involves important ethical aspects. An 
understanding of this change requires a knowledge of i.a. photosynthesis, 
combustion and the genetic code. 

The curriculum Lpo 94 gave the Swedish teachers a lot of freedom and 
possibilities to develop their teaching into directions of their own interest. 
The goals were quite general, and how to get the students to reach these 
goals was pretty much up to the individual teacher. The curriculum was 
also criticized for being too general and open for interpretation, resulting 
in unequal education for students. The new curriculum implemented in 
2011, was intended to be more distinct and clear and with more focus on 
content. In Lgr 11, the syllabus is integrated within the curricula and there 
are fewer goals than in Lpo 94. A new grading system was also applied. 
The ambition was to improve the quality of the Swedish school, which 
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was politically argued as underachieving (Prop. 2008/09:87). The results of 
the international studies of PISA and TIMMS, that showed a decrease in 
Swedish students’ achievements in science (Swedish National Agency for 
Education, 2008; 2010), was being put forward in the public debate. 

The new curricula includes general goals, however, according to the 
content within the subjects Lgr 11 is centered on Core content, with 
descriptions of what content the teaching in science studies should deal 
with. This Core content is divided into four headings in biology; Nature 
and society, Body and health, Biology and world views, and Biology, its methods 
and ways of working. Of the core content described, there are some 
formulations with an explicit linkage to genetics. Under the heading Body 
and health, this is the description of what core content the teaching should 
include: 

Evolutionary mechanisms and their outcomes, and also heredity and the 
relationship between heredity and the environment. Genetic engineering, 
opportunities, risks and ethical questions arising from its application. 

Under the heading Biology and world views, one of the bullets describing 
the core content to deal with in the teaching is:  

Current research areas in biology, such as biotechnology. 

Related to the grading system, there is a description of knowledge 
requirements for different grades in the curricula. Following parts could 
directly be related to genetics: 

Pupils can apply simple and to some extent [or developed and relatively well 
or well developed and well, depending on grade] informed reasoning about 
health, sickness, sexuality and heredity, and show easily identifiable 
relationships involving the structure and functions of the human body. 

Besides focusing more on what content should be included in the 
teaching, the new curricula generally put more focus on language and the 
importance of adding linguistic aspects on every subject, including 
biology. In a commentary report (Skolverket, 2012) to the newly 
implemented curricula, there is a list of recommendations about what 
teachers can do to encourage the students’ development of language to be 
able to learn and develop (p. 5). Some of these are that teachers could 
(own translation): 
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 Constructing linguistic perspective on teaching by consciously working 
with language and content in parallel in planning and implementation 
of teaching. 

 Give children and pupils possibilities in all teaching through 
discussions to acquire a more subject specific language and insights 
that you can communicate in different ways in different contexts. 

 Give children and pupils patterns for how subject specific 
conversations can be made, what words, concepts and expressions that 
are common to use in the subject area and provide examples of 
linguistic expression forms that are commonly not used within the field  

 Consider what linguistic challenges the teaching implies for the 
children and the pupils and make sure to support them so that these 
challenges will be reasonable.  

The stronger focus on the language is welcome, especially since there are 
some linguistic challenges identified within genetics, as discussed 
previously. A greater focus on language has been a request from school 
science research for some years, as will be discussed in the next section, 
where I will present the theory underpinning this thesis. 

 

Theoretical framework 

This thesis is grounded in a linguistic perspective, where language is seen 
as central in how we experience and understand our world. In coming 
sections I will present this view of language, its key role in teaching and 
the importance of focusing on language in science education research. 

 

The central role of language 

Several researchers advocate the central role of language in the teaching 
and learning of science (e.g. Lemke, 1990; Marton & Tsui, 2004; Mortimer 
& Scott, 2003; Ogborn, Kress, Martins & McGillicuddy, 1996). This is 
based on a view of language as intertwined with meaning and experience 
in a reciprocal relation. For example, Marton and Tsui (2004, p. 25) says:  
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Language plays a central role in the construal of experience, that it does 
not simply represent experience, as is widely perceived, but more 
importantly, it constitutes experience.    

And Veel (1997, p.161) puts it: 

Language is constitutive of meaning and social contest, not simply a 
conduit or tool to transmit thought or reality   
  

The way we are talking in different settings shape our thoughts of the 
world, and the world around us shape how we talk. If we for example in an 
everyday way of speaking say that the sun rises, it affects us thinking about 
the sun as moving over the sky (Mortimer & Scott, 2003). Another 
example that illuminates how language and experience affect each other is 
given in Marton and Tsui (2004). The example is about the word snow, 
which has 200 varieties in the Sami language. In an environment where 
snow is an important aspect in life, there is a need for discerning different 
types of snow.  Where I come from (the middle of Sweden), we have just a 
couple of words for snow. However, after reading about the snow-example 
in Marton and Tsui (2004), I searched and found a list of Sami words for 
snow5 on the internet. The list contained an explanation of the different 
snow-words in Swedish. It was interesting reading the list, because it made 
me see snow in a new way. I could relate to the different types of snow 
since I have experienced many of them and it made me see qualities that I 
had not discerned before. These words affected my thoughts and my 
experience of snow. Thus, language is something that influences and direct 
our thoughts. This is a powerful tool for education and well worth to be 
explored. 

 

Some difficulties with the language of science 

There are different types of academic language within the different subjects 
in school, e.g. scientific language, which differs from the way we talk in 
everyday life (Gee, 2004; Mortimer & Scott, 2003). Difficulties in the 
language of science are alienating for students when they come in contact 
with this specific language. Halliday & Martin (1993) categorize the 
                                                           
5 http://www.ajtte.com/ny/wp-content/uploads/2008/05/snotermer-nordsamiska.pdf 
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difficulties characteristic of scientific language as: interlocking definitions, 
technical taxonomies, special expressions, lexical density, syntactic 
ambiguity, grammatical metaphor and semantic discontinuity. Relevant 
for the aim of my study is interlocking definitions, technical taxonomies, 
and syntactic ambiguity which I will discuss further in coming sections.  

Interlocking definitions means that many concepts are intimately related 
and are used in definitions of each other, which make the learner have to 
learn a cluster of concepts at the same time, of which concepts are used to 
define each other. An example is diameter, which is twice the radius. If 
you know what a radius is, that is not difficult to understand. However, 
these two concepts might appear in a learning context at the same time, 
which are used to define each other and the learner has to address them 
simultaneously (Halliday & Martin, 1993). In a genetic context we could 
take the example a gene is a stretch of the DNA, which also has a tendency to 
appear at the same time in a teaching and learning context.  

Another problem connected to the language of science, is technical 
taxonomies. That is, concepts are ordered in taxonomies, mainly based on 
two parts: superordination or composition. In subordination there is a 
hierarchical structure, in for example X is a kind of Y. In composition, the 
relation is X is part of Y. These taxonomies can be very complicated and 
consist of many layers. Moreover, these taxonomies are often not explicitly 
presented in educational texts. Rather, the taxonomies are difficult to 
discern due to confusing grammar (Halliday & Martin, 1993), which is also 
shown in a study by Nygård Larsson (2011) of biology textbook.  

Syntactic ambiguity is another source of confusion in the language. This 
means that a sentence could be interpreted in different ways. For example, 
for the teacher the intended message is obvious, but it might not be for 
the learner. Depending on how the words are ordered in a sentence, the 
message could be unclear. For example, if I write the sentence I want to 
investigate the role of proteins in genetics education, this can be interpreted as if I 
want to investigate proteins effect of the education, e.g. how proteins in 
the teachers’ or students’ bodies are important for how they teach and 
learn. It might as well be interpreted as if I want to investigate the teaching 
about proteins in genetics education.  
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Another ambiguity could be due to the fact that words used can have 
different meanings, i.e. polysemous words, as discussed previously in the 
background. The language of science is a very different way of talking and 
thinking about the world and the specific style of science language 
alienates many students from science. The teacher has an important task in 
introducing the students to this specific way of talking and thinking, and 
to make it understandable for the students so they can gradually be a part 
of this language (Mortimer & Scott, 2003).  

 

A focus on teachers’ language 

Lemke (1990) talks about the importance of the talk in science teaching. 
He means that to learn science is to learn a specific language, a way of 
talking about phenomena. Therefore, the teacher is very important 
because this is the person who knows the specific language and it is by 
talking to the teacher the students can learn this language. However, 
Lemke means that teachers ought to teach more about how we talk in 
science.  

According to Mortimer and Scott (2003), the talk in the classroom is the 
most central feature for teaching and learning. They mean that few would 
argue that language is unimportant, but despite that the classroom talk is 
accepted as central in the teaching and learning situation, it has been 
poorly focused in research. This was also put forward several years earlier 
by Ogborn and colleagues (1996) who argued that less focus has been 
given to systematically investigate the nature of explanations. Schools and 
research tend to focus on other aspects, such as what to do in the 
classroom (Mortimer & Scott, 2003).   

According to Gee (2004), schools do not teach students about the different 
academic varieties of language, since there is a lack of awareness in the 
educational system about them and their importance for learning and 
thinking. Ogborn and colleagues (1996) argue that the teachers’ 
explanations in the classroom are very central in teaching. However, to 
learn how to make good explanations is something that is supposed to 
come with experience, and nothing that is explicitly taught in teacher 
education (Ogborn et al., 1996). Leach and Scott (2002) argue that many 
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design studies in research miss the central part that the teachers are 
playing. However, they also put forward that studies that take account of 
the language, tend to not focus on the content. This argument was put 
forward already ten years ago, but I would argue that there are still few 
studies that focus on the teachers’ role in classrooms in connection to the 
subject matter that is taught. 

Mortimer and Scott (2003) recognize the growing focus on argumentation 
in school which they mean could be a good thing. However, they claim 
that by focusing on new aspects of science education, such as the genre of 
scientific argumentation, we might miss more central aspects in the 
authentic teaching as it is currently applied in most classrooms. That is, it 
might be helpful to shed some light on the classroom talk as it is 
undertaken in a conventional classroom setting, as a starting point before 
we go on with further development in new areas.  

There are many other modes of classroom communication that are 
important, but according to Mortimer and Scott (2003) talk is the most 
central mode. Marton and Tsui (2004) mean that it is important to analyse 
what is acted out in classrooms to understand what opportunities for 
learning the students are given. 

Mortimer and Scott (2003) talk about Bakthins view of coming to an 
understanding as a dialogic process. I agree with that view as well. 
Nevertheless, I chose to focus on the teachers’ language in my study. From 
a view where the content is seen as being created in a dialogic process, this 
might seem contradictious. However, the reason I focus on the teachers’ 
language is based on two standpoints. First, I wanted to focus on the 
science content as it is presented to the students. Even though the 
dialogue is important for the students’ meaning making, what the teacher 
says represents the science content that the students should make meaning 
of, and is crucial for the students to relate to. Therefore, I see it as very 
important to specifically map out the teachers’ part in the dialogue. 
Second, Mortimer and Scott (2003) report that the teacher is still 
dominant in school and doing most of the talk in many classrooms. I have 
not done an analysis about the distribution of teacher-student talk time 
(but it would sure/certainly be an interesting thing to do in the future). 
However, from sitting as an observer in 45 lessons as I did in this study, I 
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can say that it is salient how unequal the speech time is shared between 
teacher and students, at least in most of the lessons. While the teacher 
talks a lot, the students often contribute with just a few words now and 
then. It differs of course, both between teachers and from lesson to lesson. 
Sometimes the students talk a lot, and the climate is very open for 
students’ questions and argumentation. However, the typical classroom 
situation is characterized by a dominance of the teacher’s talk. As 
expressed in Marton and Tsui (2004), there is a difference between the 
teacher, who is the “primary knower”, and the student, who is the 
“secondary knower” which gives the teacher the authority to control the 
direction and content of the lesson. Because I see the teacher’s talk as 
playing a very central role in the teaching situations, I thought it was 
important to put focus on what the teachers actually are saying.  

Researchers have pointed out the importance of developing teachers’ 
knowledge about the important role of language in science education 
(Wellington and Osborne, 2001; Fang, 2005). Schleppegrell (2002, p.436) 
puts it: 

“To understand the demands that schooling makes on students, we need 
to understand and acknowledge the linguistic challenges of school-based 
language.” 

 

Systemic functional linguistics (SFL) 

Systemic functional linguistics (SFL) is a theoretical framework developed 
to manage the complexity of language (Martin & Rose, 2007). SFL 
includes a model of the language which is primary concerned with 
meaning and function of the language, not form, which could be an 
explanation why SFL has been increasingly used in research recent years 
also in Sweden (Holmberg, Karlsson & Nord, 2011). SFL provides a tool to 
investigate how language creates meaning, and it has been shown useful to 
use in studies within a science education context (e.g. Seah, Clarke, & 
Hart, 2011; Frändberg, 2012; Nygård Larsson, 2011).  

SFL could be described as a holistic model of language (Holmberg et al, 
2011) and is mainly developed by Halliday (e.g. Halliday, 1993; Halliday 
& Martin, 1993). The model describes the language as a complex semiotic 
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system consisting of different strata (see figure 2); context, semantics, 
lexicogrammar and phonology (Halliday & Matthiessen, 2004). Context is 
about the setting in which the communication takes place, semantics is 
defined as the meanings of linguistic entities, e.g. words or sentences 
(Löbner, 2002), lexicogrammar  is concerned with grammar and 
vocabulary (Halliday & Matthiessen, 2004) and phonology is the structure 
of sound in spoken language. To explain what it means with different 
strata, Halliday and Matthiessen (2004) compares a little child’s pre-
language with the adult language. The child could say nananana and mean 
“give me that thing”. Thus, this language could be divided into two strata, 
expression and content, where content is concerned with the construal of 
meaning (Martin, 1997). However, adult language is more complex, and 
the content could be divided into semantics and lexicogrammar, since the 
language also includes words and grammar. Meaning and form is affecting 
each other. Depending on our choices of semantics and lexicogrammar, 
different meanings will be created (Holmberg et al. 2011).  

Halliday’s model of the language also includes three different meta-
functions; interpersonal (social reality), textual (semiotic reality), and 
ideational (physical and biological reality) (Halliday, 1993). These are 
functions of the language which all goes through the different strata. The 
interpersonal metafunction concerns the interaction between the 
communicators and the textual metafunction is about the structure and 
organization of text. The ideational metafunction is the function that is 
concerned with how we represent the world around us. This is about how 
we describe how things relate to each other, what happens, who is 
involved in an action etc. (Holmberg & Karlsson, 2006).  The work of 
Lemke (1990) which is oriented to the spoken language is grounded in the 
SFL-field. According to him, words do not have exact and definite 
meanings, but depending on how they are used they get different 
meanings. That is, depending on how terms are combined into sentences 
and phrases, i.e. the lexicogrammar, different meanings are expressed 
(Lemke, 1983).  

My study presented in this thesis concerns questions about content, i.e. 
how teachers talk about concepts and their relations within genetics. Thus, 
within this holistic model of language, my study is situated within the 
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strata lexicogrammar and semantics and deals with the ideational 
metafunction. 

 

 

 

 

 

 

Figure 2. The different strata (circles) and metafunctions (sections with names in 
arrows) of the language. This figure is based on similar figures in Halliday & 
Matthiessen (2004, p.25) and Holmberg et al. ( 2011, p. 10). 

 

Much of the research within the framework of SFL has focused on the 
written language (e.g. Fang, 2005; Frändberg, 2012; Seah et al., 2011; Veel, 
1997). Seah and colleagues (2011) focused on students written 
explanations in chemistry concerning the topic state of matter and 
expansion. By analysing the lexicogrammatics in the students’ writings, she 
could make a comparison of how students explained expansion at the 
macro- as well as at the micro level. For example, students used similar 
expressions at both levels, like “the metal expanded” and “the particle 
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expanded” (p.15). This could be understood as the students thought of the 
particles at the micro level as expanding. However, additional drawings 
made by the students showed some of them meant that the volume is 
expanding, which shows that verbal explanations could be ambiguous.  

Frändberg (2012) as well focused on students’ use of lexicogrammatical 
recourses in written test explanations about macro and sub-micro level 
phenomena. She discusses how relations between macro and micro levels 
within the same clauses could confuse the distinction between the levels. 
For example like in the expression “molecules in water”, which confuses 
the fact that water and molecules belongs to different levels of 
organization. However, Frändberg notes that it is difficult to avoid 
expressions like that since it is a convenient way of talking.  

Veel (1997) as well focuses on written language due to its importance in 
science. However, Veel mention that teaching of science hardly relies only 
on written textbooks anymore. As discussed in the background section, my 
own empirical experiences from observing lessons is that a large part of the 
information students get in science lessons is from the teacher’s spoken 
language, not mainly from reading texts. Therefore I think it is necessary 
to also gain more knowledge about the spoken language. 

 

Thematic patterns 

In science in general there has since long ago been a focus on technical 
terms (for example lists of terms in the end of science books). However, 
historically there has been much less focus on other typical features in the 
scientific language (Halliday & Martin 1993). The specific language of 
science is not just technical terms, but also how we combine the terms in 
meanings and phrases, which is what gives the words their meaning 
(Halliday & Martin, 1993; Lemke, 1990).  According to Halliday & Martin 
(1993), the issue is not technical words in isolation, but how we use the 
words in complex relations to each other in a larger pattern. The content 
expressed through language, depend on how words are connected to other 
words or phrases. The meaning created by the ways we combine and relate 
words to each other in the language is typically referred to as the realized 
meaning in the field of SFL.  
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Based on the tradition of SFL, Lemke (1990) developed an analytical tool 
to analyse the talk in classrooms. This analytical tool gives an opportunity 
to investigate the science content as realized, i.e. created, by the language 
use. Students learn the content by talking to the teacher who knows how 
to master the language. However, specific science content could be 
expressed in many different ways, using different words and different 
constructions of sentences. That is, students cannot just learn exact 
wording to learn something, but have to identify what is common for all 
the different ways content could be expressed. That is what Lemke names 
thematic pattern, i.e. a pattern of how meanings of words are related to 
each other. A thematic pattern is then a pattern of semantic relations 
between words, or meaning of words. In Lemke’s framework, these meanings 
of words are denoted Items. By examining how Items are related to each 
other, a thematic pattern could be discerned.  The semantic relations, i.e. 
the connections between the items, is thoroughly described by Halliday 
and Matthiessen (2004) and used by Lemke (1990) to develop this 
thematic pattern analysis. 

 

 

Aim and research questions 

The overall aim with this thesis is to reveal how teachers talk about 
genetics during teaching situations. An understanding of how the language 
is used in action can give insights about linguistic challenges in the spoken 
language as well as detailed information of how the content is presented to 
the students. This information could contribute to the understanding of 
some of the difficulties within teaching and learning genetics.  

The two articles are focused on different areas within genetics in grade 
nine. Focus of the study is the gene-trait relation and how the gene gives 
rise to a product, i.e. function. The first article deals with words and their 
relations within Mendelian genetics, while the second article is focused on 
the role of proteins in genetic teaching.  
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The research questions in study 1 are: 

1. How are the words gene and anlag related in secondary teachers’ 
spoken language within the context of Mendelian genetics? Are the 
words synonyms or used with different meanings? 

2. How do the teachers make connections between the items gene and 
trait? 

The research questions in study 2 are: 

While teaching genetics,  

1. what role do teachers ascribe to proteins in their verbal 
communication, and  

2. how do they use proteins as links between micro and macro level 
phenomena? 

 

 
 

Method 

To be able to find out how teachers talk about genetics during teaching 
situations, I followed four teachers in grade nine thorough a whole 
teaching sequence of genetics. Everything the teachers said during the 
lessons was recorded. This material was then used for the two studies in 
this thesis. The studies were focused on the teachers’ language, thus a 
linguistic analyses was undertaken in both studies. The analyses had some 
similarities as well as differences, to be able to answer the different research 
questions in the different studies. 

 

The teachers and the context 

The four teachers who volunteered to participate in the study worked at 
two different compulsory schools. All four had several years of teaching 
experience, ranging from 6-12 years. Two female teachers worked at one 
school and two male teachers worked at the other. In the studies the 
teachers are denoted T1-T4.  
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The study has a naturalistic approach, defined as collecting naturally 
occurring data (Robson, 2002, p. 549). The teachers should have taught the 
current sequence of genetics, regardless this study and they planned the 
lessons without any research intervention. The teachers were informed 
about the general aim of the study, but were not informed in detail of the 
specific content focus. This was to gain a setting as natural as possible, to 
be able to catch the teachers’ authentic use of language while talking about 
the genetic content in the classroom. The studies were guided by the 
Swedish Research Council ethical guidelines and the teachers as well as the 
students and their parents were informed about the premises of the study 
and that they could withdraw their participation at any point of the study. 

 

Data collection 

The teachers’ were observed and recorded during the whole teaching 
sequence of genetics. The teaching sequence extended over three to five 
weeks/teacher. The teachers carried a microphone so that every word they 
said during the lessons was recorded to later be transcribed. 45 lessons (41 
hours) were recorded in total. The number of lessons and amount of time 
recorded for each teacher is presented in table 1. Additional video 
recordings of the teachers were done during sequences of whole class 
instructions to get additional information useful for a general 
understanding of the teaching context in the analytical phase of the study. 

Table 1. Number of lessons and amount of time recorded for each teacher 
participating in the study. 

Teacher Number of lessons  Time recorded (h:min) 

T1 13 11:26 

T2 7 05:35 

T3 12 11:45 

T4 13 12:15 

tot 45 ≈ 41  

 

 



34 
 

Analysis 

This thesis has a focus on the gene-trait relation. Both of the reported 
studies also have a linguistic focus in that they are concerned with the 
teachers’ spoken language. However, there are some differences in the 
studies foci. While the first study is concerned with the context of 
Mendelian genetics (teaching about heredity and Punnet squares, i.e. 
inheritance patterns regarding for example eye- hair- or skin color, color of 
rabbit’s fur, diseases or syndromes), the other study takes the starting point 
in talk about proteins, which mostly concerns molecular genetic context.  

Moreover, even if the two studies are concerned with language, the point 
of reference is different. The first study is concerned with words, meaning 
of words and their relations. The focus is on the language and how the 
language builds up scientific meaning, which sometimes could be 
ambiguous or contradictory. In the second article, there is also a linguistic 
focus, but more straightforward to what content is presented in the 
classroom with regard to how the teachers included proteins in their 
teaching of genetics.  

Both studies are based on a thematic pattern analysis as developed by 
Lemke (1990), which explore how the teachers establish the scientific 
content in their talk. This is a linguistic analysis, which in turn is grounded 
in the field of SFL, as discussed in the theoretical framework section. The 
core in this analysis is to identify how words are semantically related to 
each other, to be able to discern a pattern in the language. In the first 
article, my focus is on the scientific meanings that are realized with these 
patterns. 

In the second study, I wanted to map out all the cases where proteins are 
included in teaching, to explore their importance and role in teaching, as 
well as which role proteins played as an intermediate stage between gene 
and trait. Therefore, I was not initially interested in just finding the 
thematic pattern, but to explore all the cases where proteins were included, 
whether or not a repeated pattern could be discerned. Therefore I named it 
SFL-analysis and analysed all the semantic relations between proteins and 
adjacent words. When the semantic relations were identified, I could then 
discern both the typical message being put forward by the teachers, i.e. the 
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thematic pattern, but I could also use the SFL-analysis to find other issues, 
like what the teachers not emphasized or were not explicit about. The SFL-
analysis was also used to find out how the teachers made connections 
between micro and macro level.  

The technicalities of the analyses are described in more detail in the two 
articles in this thesis. An overview of the analytical process for the two 
studies is presented in fig. 3. 

 Study 1   Study 2 

 

Figure 3. An overview of the research process in the two studies. 

 

 

 

 

 

•Sections concerning 
Mendelian genetics were 
identified from the 
transcribed lessons. 

•Cases where the words gene 
and anlag occurred in the 
selected transcripts were 
identified and analysed with 
thematic pattern analysis. 

•The meanings of the words 
gene and anlag established 
by the teachers' talk were 
identified from the thematic 
pattern analysis. 

•Connections made between 
the items gene and trait were 
identified an analysed with 
thematic pattern analysis. 

•Different meanings with 
respect to the connection 
between gene and trait were 
identified from the thematic 
pattern analysis. 

•Occasions where the teachers 
talked about proteins were 
identified from the transcribed 
lessons. 

•The sequencing of teachers' 
talk about proteins were 
summarized in a table 
(including lesson activity and 
content). 

•The different semantic 
relations between proteins and 
adjacent words were analysed 
in the SFL-analysis.  

•The thematic pattern was 
identified from the typical ways 
of talking about proteins, as 
revealed by the SFL-analysis. 

•The use of protein as a link 
between micro and macro level 
were identified, based on the 
SFL-analysis and additional 
reading of the whole material. 



36 
 

Methodolocical issues concerning language 

This thesis is concerned with language and a linguistic analysis is applied. 
The teachers’ spoken language is Swedish, but the thesis is written in 
English. This was a bit problematic since there are differences between the 
two languages. One of the main challenges in study 1 was how to deal 
with the word anlag, since this word is used differently in Swedish and 
English. I chose to deal with it by describing how the word is defined in 
Swedish as well as in other languages. In cases where I did not want to 
focus on this specific word but its meaning, (which can be synonymous 
with gene) the word was sometimes translated with genea.  

A more general problem is of course that it is difficult to directly translate 
Swedish to English word by word, and still keep the meaning realized. 
This was a critical aspect in the translation of the transcripts displayed in 
the two studies. I dealt with this problem by first making my own 
translation, which was then sent to a professional language editor for 
correction. This mostly implied that there were changes of the ordering of 
words, but sometimes I also had to change specific words. Thereafter I 
once again proof read the proposed changes from the language editing to 
secure that the original meaning was kept. I also discussed problematic 
translations with an English speaking colleague, to ensure that the 
meaning was kept in the English translation.  
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Results 

Main results of study 1 

In the first study, the teachers’ language while teaching Mendelian genetics 
was examined. The aim was to explore what meanings the two words gene 
and anlag (from the German word Anlage) are given. The aim was also to 
explore the realized meanings according to the connection between the 
items gene and trait.  

The analysis showed that the use of the words anlag and gene were 
ambiguous. The word anlag were used with two different meanings; 1) 
anlag is the same thing as a gene, 2) anlag is the same thing as a trait. The 
use of the words gene and anlag were therefore sometimes contradictory, 
because both meanings of the word, as a synonym for gene and a 
synonym for trait, could be realized in one and the same talk of a teacher. 

With respect to the connection between gene and trait, the teachers’ way 
of talking resulted in four principal different realized meanings; 1) The 
gene as an active entity causing the trait 2) the gene as a passive entity 
identified by the trait 3) the gene as having the trait and 4) the gene as 
being the trait.  

Main results of study 2 

The second study investigated teachers’ inclusion of proteins when 
teaching genetics, which role the proteins were given and how they were 
used as an intermediate link between the organizational levels, i.e. between 
gene and trait. The analysis revealed that proteins were given different 
emphasis by the different teachers. The common message for all teachers 
was that proteins are being built, but not all teachers talked about different 
functions that proteins carry out in our bodies. The examples of proteins 
were typically limited to a few, and the technical taxonomy (e.g. that 
enzyme is an example of a protein and not at the same taxonomy level) was 
sometimes unclear. Two of the teachers used the protein as a link between 
gene and trait, while two of them did not (see figure 4). Three of the four 
teachers included an instruction about protein synthesis. None of the 
teachers explicitly talked about genes as exclusively coding for proteins. 
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Figure 4. Proteins used as a link between gene and trait. Teacher 1-4 from left to 
right. Teacher 1 either links gene directly to macroscopic trait or to protein, where 
it then stops. Teacher 2 explicitly uses the protein as a link between the levels. 
Teacher 3 links gene with protein, but does not link further to a trait at a 
macroscopic level. Teacher 4 uses protein as a link between levels, mostly using 
examples of proteins at micro level though. Teacher 4 also link gene to trait as an 
alternative to protein production. 

 

Summary of results 

The linguistic analysis of teachers’ talk in action revealed that small 
differences in wordings resulted in different meanings. Thus, teaching 
genetics is a linguistic challenge and a possible source for students’ 
learning difficulties.   

Taken together, the results show that the gene-trait relation is unclearly 
and inconsequently presented in the classroom. Central words within 
genetics are ambiguously used and the connection between gene and trait 
realizes different meanings, where they sometimes fuse to become the 
same entity. The important role of proteins as a link between gene and 
trait is not emphasized. However, the teachers did include proteins in the 
teaching and there were examples of possible ways how to talk about the 
proteins as a link between gene and trait. 
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 T1 T2 T3 T4 
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Discussion and implications 

The study shows how teachers talk about genetics in the classroom during 
teaching. My starting point was that I wanted to see what content was 
presented to students according to some central aspects within genetics, 
which were previously described as problematic. The results show that the 
teachers’ way of talking about the subject relates to problems described in 
previous research about students’ understanding. The teachers’ ambiguous 
use of words, different ways of relating gene to trait and unclarity about 
proteins role in our bodies, could actually be a source of the confusion the 
students experience with the subject.  

The complex terminology as well as incoherent models of gene function is 
prevalent in the teachers’ spoken language. The complex terminology is 
identified by Knippels (2002) as one of the main problem areas, and has 
previously been investigated based on written texts (e.g. Pearson & 
Hughes, 1988). However, in this study I could show some of the 
complexities with the terminology as it is established in the teachers’ 
spoken language, such as meanings of words, technical taxonomy and 
relations. These issues will be further discussed in the following 
paragraphs. 

The use of the word anlag, which is an old term, seems to have developed 
over time, resulting in a word that is used with different meaning, i.e. a 
polysemous word (Löbner, 2002). In the Swedish colloquial language, 
anlag is often used to describe a person’s possibility to develop a trait or a 
skill, or as an explanation of a trait or a skill. For example, to explain why 
someone is good at mathematics one could say, “she’s got anlag for that”. 
However, the word is also used to describe the cause of traits like eye-
color, typical examples within the school context, which indicates that the 
word anlag is a synonym for gene. In textbooks, anlag (or arvsanlag) is 
sometimes defined as gene6. In addition, there are different definitions in 
dictionaries (Nationalencyklopedin, 2012). This of course makes it 
understandable why the terminology is ambiguously used in the teaching 
situations as well. However, there seems to be a limited awareness about 

                                                           
6 e.g. in Henriksson, A. (1995). Biologi. (1. uppl.) Malmö: Gleerup and Andréasson, B. (red.) (1995). 
Biologi: för grundskolans senare del. (1. uppl.) Stockholm: Natur och kultur, used by the teachers in 
this study. 



40 
 

the different meanings of this word, since the teachers’ use it with different 
meanings without any explicit notion of doing so. 

The teachers’ use of language realized different meanings according to the 
gene-trait relation, sometimes the meaning of the words gene and trait 
were being fused. Since students have been shown to have a view of gene 
and trait as meaning more or less the same thing (Marbach-Ad, 2001; 
Lewis & Kattman, 2004; Venville et al., 2005), from my data I can see a 
connection between what is communicated in the classroom and the 
challenging gene-trait relation previously described in students’ 
understandings. Lewis & Kattman (2004) argue that a view of the gene and 
trait as one and the same entity will hinder the understanding of the 
intermediate stage involving proteins, which has shown to rarely be 
reached by students (Venville & Treagust, 1998; Duncan & Reiser, 2007).  

Two of four teachers in this study talked about the pathway gene-protein-
trait in their teaching, which has been argued as important within research 
(Allchin, 2000; Venville & Treagust, 2002; Duncan & Reiser, 2007; 
Duncan, 2007; Duncan et al., 2009; Duncan & Tseng, 2011). All teachers 
talked about proteins as a result of gene function. However, in addition 
with talking in a way that gives the gene and trait a status of being the 
same entity, the teachers do not give a consequent description of the 
protein as crucial in the linkage between gene and trait. If the teacher at 
one moment talks about the gene as a particle on the chromosome, and in 
the next talks about the gene as a code for proteins, one could imagine 
that it will be very difficult for the student to get a larger and coherent 
understanding.  

This way of presenting the content in a sometimes conflicting and 
incoherent way also occur in textbooks, as discussed in the background 
section, where different historical models of gene function are presented. 
Furthermore, various features from different historical models are 
assembled into hybrid explanations, resulting in incoherent models within 
textbooks (Gericke & Hagberg, 2010a,b). These results are of interest since 
students have been shown to have problems reconstructing the correct 
scientific understanding from the written language as depicted within the 
school textbooks (Gericke, Hagberg & Jorde, 2012). The results from this 
study show that teachers do not help students in this reconstruction, 
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indeed the teachers’ use of language may instead reinforce the simplistic 
and ambiguous explanations of gene function previously found in the 
textbooks. This might explain the previously identified parallelism 
between students’ alternative understanding of genetics and the conceptual 
variation of the gene concept as found by Gericke and Hagberg (2007). 

In a previous study about the genetic teaching in high school classes, 
Venville and Treagust (2002) found that the instruction about different 
parts within genetics was disconnected. The teaching therefore did not 
gain a coherent understanding for the students. The students could have 
an understanding about protein synthesis without being able to give 
mechanistic explanations of the relationships between the gene and trait 
concepts. In my study, I see that different content is not just presented 
separately, but also within the same lesson, context or even sentence, there 
are disconnections, which could be an obstacle for seeing the coherent 
picture. For example, in utterances where teachers talk about genes as 
corresponding to different traits like hair color and correspond to proteins, 
the relation gene-trait and gene-protein gets disconnected. This links 
directly to the study by Duncan and Reiser (2007), which showed that 
students tend to think about genes having information for phenomena at 
different organizational levels, i.e. that genes code for both proteins and 
traits, e.g. eye color.  

Within science there is an ongoing debate of how to understand and 
define the gene concept (e.g. Meyer et al., 2011; Falk, 2012) and different 
conceptual explanations of the gene exist in parallel, also within textbooks 
used in schools (Gericke, Hagberg, dos Santos, Joaquim & El-Hani, 2012). 
Moreover, genetics is known to include a very extent and complex 
terminology (Knippels, 2002). It is therefore understandable why the 
teachers in this study talk the way they do. Nevertheless, I think it is 
important to gain an awareness of how this complex subject is established 
in the teachers’ talk, because of the teachers’ crucial role in the classroom. 

The curriculum for the time of the data collection, Lpo 94 (Swedish 
National Agency for Education, 2006), did not give much guidance when 
it comes to the subject matter to be taught. The rather vague formulation 
below does not say anything about genes, traits or proteins at all:  
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[Pupils should] have a familiarity with genetic heredity  

However, the other goal with relevance for genetics implies that students 
should be able to use scientific arguments concerning the use of genetics:  

 [Pupils should] be able to use not only scientific, but also aesthetic 
and ethical arguments in issues concerning the preservation of 
different types of nature and diversity of species, as well as the use 
of genetics  

To be able to use scientific arguments, students need to have some basic 
understanding of the underpinning science (Lewis & Leach, 2006). I think 
the emphasis of the ability to argue about issues concerning science, both 
in curricula as well as in research of science education, is good. However, I 
think we might miss some very important aspects if we do not focus on 
more central aspects of the communication, i.e. how teachers talk about 
the subject in their ordinary teaching. To be able to formulate a scientific 
argument, students must have knowledge of at least some central scientific 
ideas and the language for thinking and talking about these ideas. This 
language is learnt from the teacher, who is the “primary knower” (Marton 
& Tsui, 2004) and the one who already master the specific language of 
science (Lemke, 1990). 

It has been argued that teaching should focus on some core ideas in the 
teaching, to prepare students for future reasoning in socio-scientific issues, 
e.g. gene technology (Lewis & Leach, 2006). Research within genetic 
education argue that central ideas are for example the relation between 
gene and trait, which includes the teaching about protein as an 
intermediate link between micro and macro (Duncan & Reiser, 2007; 
Duncan et al. 2009). However, not even in the new Swedish curricula 
these central ideas are being put forward. Still, probably based on tradition 
as well as textbooks, the teachers include teaching about genes, traits and 
proteins. This is done with a vague guidance from the curriculum, on 
contrary to the arguments that the new curricula is more focused on what 
content to be taught. 

In the new curricula it is emphasized that the teachers should help the 
students with the subject specific language to see patterns and types. This 
requires of course that the teachers themselves are aware of the different 
types of languages, and that they have the tools to talk about the specific 



43 
 

way of talking. I did not see such awareness among the teachers in my 
study. The request that teachers should explicitly help students learn the 
language of science requires that the teachers are given the tools for doing 
so. Thus, I think that teacher education must pay more attention to 
educating teachers in becoming more capable of dealing with linguistic 
issues related to subject specific language. 

From the view of language as very central for learning, and inseparable 
from the content, I found it fruitful to use a linguistic analysis in my 
study. The analysis made me see things in the material that I might have 
otherwise missed. For example, it made it clear that there is an ambiguity 
inherited in an adjective that precedes a noun, because it could function 
either as a Classifier and an Epithet, like in the white gene. Seah et al. (2011) 
showed that students that wrote expressions like “the particle expanded” 
could mean that the volume is expanding and not that the particles are 
expanding. This was revealed by additional drawings. It could be the same 
with the teachers in my study as well. However, my interest was not to 
understand the teachers own conceptions about the subject, but what was 
presented to the students. My intention was to investigate the different 
meanings realized by the teachers’ spoken language. When teachers for 
example use expressions like the white gene or the gene is white, this 
communicates that the gene is white, regardless of what the teachers 
actually meant, i.e. regardless if this is just an expression. It might be a 
more casual way of speaking, and sometimes an everyday way of speaking 
might be easier to understand in a learning situation. However, depending 
on how we talk, we also influence our thinking. For example, when we in 
our colloquial language talk about the sun as rising it can affect our way of 
thinking about the sun as moving across the sky. These ways of talking and 
thinking about the word in an everyday perspective, is hard to change 
(Mortimer & Scott, 2003). In accordance to this, if we speak about the 
genes as being white, this could create a mental picture of the gene which 
is difficult to adjust to a more developed model of the gene and its 
function. When we already know the content, it is easy to understand 
what is meant, and if words are used wrongly or simply left out, we can 
still make sense of what is said (Lemke, 1990). However, this is not the 
case for students, because for them the content is new and it is difficult for 
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them to judge what of all the things the teacher says, is just a way of 
speaking and what the ideas are that should be understood.  

There are no easy answers to how teachers should talk about genetics, but I 
think it is a good starting point to gain an awareness of the importance of 
the language within genetics. By having identified patterns within this 
language and the meanings being realized, we have a possibility to clearer 
see why this is such a difficult topic to teach and learn. My hope is that 
this thesis will be a contribution to that. In the future, I think it would be 
fruitful to continue investigating this material and together with teachers 
explore how the teaching language could be developed in a favorable 
direction. 
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