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ARTICLE

ABSTRACT
This study investigates how the domain-specific language of molecular life science is me-
diated by the comparative contexts of chemistry and biology education. We study upper 
secondary chemistry and biology textbook sections on protein synthesis to reveal the con-
ceptual demography of concepts central to the communication of this subject. The term 
“conceptual demography” refers to the frequency, distribution, and internal relationships 
between technical terms mediating a potential conceptual meaning of a phenomenon. 
Data were collected through a content analysis approach inspired by text summarization 
and text mining techniques. Chemistry textbooks were found to present protein synthesis 
using a mechanistic approach, whereas biology textbooks use a conceptual approach. The 
chemistry texts make no clear distinction between core terms and peripheral terms but 
use them equally frequently and give equal attention to all relationships, whereas biology 
textbooks focus on core terms and mention and relate them to each other more frequently 
than peripheral terms. Moreover, chemistry textbooks typically segment the text, focusing 
on a couple of technical terms at a time, whereas biology textbooks focus on overarching 
structures of the protein synthesis. We argue that it might be fruitful for students to learn 
protein synthesis from both contexts to build a meaningful understanding.

INTRODUCTION
Protein synthesis is the process by which information encoded in genetic material is 
interpreted and used to produce specific proteins. As such, it is one of the most funda-
mental processes in living organisms. Because of its importance for understanding the 
mechanisms of life and the molecular aspects of inheritance, protein synthesis is a 
cornerstone of the molecular life sciences (Reinagel and Speth, 2016). However, there 
have been few studies on its teaching and learning at any educational level.

In upper secondary school teaching, protein synthesis is typically included in both 
chemistry and biology curricula. However, students struggle to comprehend the 
canonical representation of protein formation through the central dogma of protein 
synthesis (Wright et al., 2014). They also struggle greatly to understand the function 
of genes (Gericke et al., 2013) and their relationship to proteins (Duncan and Reiser, 
2007) and have difficulties explaining and relating concepts that are central to the 
communication of protein synthesis (Gericke and Wahlberg, 2013). The reasons for 
these difficulties are poorly understood and investigated, but the domain-specific 
vocabulary used when communicating cellular structures and mechanisms has been 
identified as a major obstacle (Knippels, 2002). For instance, the life sciences use their 
own domain-specific language (Pearson and Hughes, 1988), with a daunting number 
of concepts to be learned (Tibell and Rundgren, 2010).

Life science education is developing rapidly, and students today are faced with a 
vast range of learning opportunities, not least through social media and the Internet. 
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However, they seem to prefer printed textbooks to electronic 
resources (Woody et al., 2010), so textbooks remain a dominant 
source of information for learning. Written material from text-
books is one of the most prominent reading materials in Swed-
ish schools (Edling, 2006). Textbooks are thus key mediators of 
the complex language of life science to students, making it very 
important to understand how their use and presentation of 
this domain-specific language facilitates or possibly hinders 
learning.

In Swedish upper secondary schools, protein synthesis is 
most commonly taught within the contexts of biochemistry in 
chemistry and molecular biology in biology (Swedish National 
Agency for Education, 2011a,b). This means that students study 
the same subject matter in two similar but different contexts. It 
has been suggested that this way of “compartmentalizing” con-
tent knowledge in time and space across separate curricula is an 
important barrier to learning in the life sciences (Knippels, 
2002), but there is very little empirical research on how such 
different contexts influence the presentation of topics in the life 
sciences in general, or protein synthesis in particular.

For these reasons, the aim of this study is to investigate how 
protein synthesis is described in upper secondary chemistry 
textbooks and biology textbooks and to compare the two con-
texts. We investigate how domain-specific language is mediated 
by the different contexts through the texts’ conceptual demogra-
phy. Conceptual demography is defined by how the technical 
terms (i.e., concepts) of a topic, in this case protein synthesis, 
are outlined in a written text by studying the frequency with 
which they occur, their distribution in the text, and the relation-
ships that the text presents between different technical terms. 
Implications for teaching and learning based on the study’s 
findings are also presented.

BACKGROUND
Protein Synthesis
The protein biosynthesis pathway is typically presented using 
the canonical representation of the central dogma (Crick, 1958, 
1970). In his 1958 article, Crick argued that the “main function 
of the genetic material is to control (not necessarily directly) the 
synthesis of proteins” (Crick, 1958, p. 138). Today, we know 
that protein synthesis is far more complex than suggested by 
this simplified original model, and more elaborate models have 
been developed. However, students learning how proteins are 
synthesized often display a weak conceptual understanding of 
the different descriptions of protein synthesis (Wright et  al., 
2014).

Broadly, there seem to be three ways of defining protein syn-
thesis in current educational literature. The first treats protein 
synthesis essentially as a synonym for the translation process, 
that is, the process whereby the information carried by the mRNA 
is interpreted and used to guide the assembly of amino acids into 
polypeptides by the ribosome (cf. Nelson and Cox, 2013; 
Tymoczko et al., 2013). We consider this to be the most limited 
definition of the three. The second definition encompasses both 
translation and transcription (cf. Jouper-Jaan et  al., 2004; 
Ehinger and Ekenstierna, 2008), that is, the process of generat-
ing mRNA using information encoded in DNA and of generating 
polypeptides using information encoded in mRNA. The third 
definition is the broadest, including transcription and translation 
as well as a number of additional processes and details such as 
mRNA maturation (cf. Alberts et al., 2008; Sadava et al., 2014). 
We use the third definition as our point of departure in this work 
because it is the most inclusive model and so minimizes the risk 
of overlooking something important in our textbook analysis.

The understanding of the mechanisms of protein synthesis is 
rapidly developing, but there are some key concepts that are 
typically included when communicating the subject, especially 
at the upper secondary level. Previous analyses of upper sec-
ondary textbooks, teaching, and curricula have shown that 
three concepts—DNA, gene, and protein—are typically given a 
central role; we refer to them as the core concepts of protein 
synthesis, because they are the main components of the central 
conceptual framework used at the upper secondary level, i.e., 
the central dogma (Marbach-Ad, 2001; Gericke and Wahlberg, 
2013). Some additional peripheral concepts are also typically 
introduced when teaching this topic at the upper secondary 
level (Gericke and Wahlberg, 2013). The peripheral concepts 
considered in this article are amino acid, exon, intron, mRNA, 
peptide, and tRNA (Gericke and Wahlberg, 2013). The three 
major processes of protein synthesis (i.e., translation, splicing, 
and transcription) and the associated core and peripheral con-
cepts are shown in Figure 1.

Several other important concepts are used when communi-
cating protein synthesis at higher educational levels, such as 
various structures and enzymes. These were not considered 
in this work, because previous studies showed that they are 
given relatively little attention in upper secondary education 
(Marbach-Ad, 2001; Gericke and Wahlberg, 2013).

Students’ Understanding of Protein Synthesis
Descriptions of protein synthesis can be described as either con-
ceptual or mechanistic. Mechanistic explanations are important 

for understanding any life process (Craver 
and Darden, 2013) and play central roles 
in understanding many subtopics within 
the life sciences, particularly in biochemis-
try and molecular biology. Machamer et al. 
(2000) define mechanistic explanations as 
ontic (i.e., real) descriptions of the cellular 
entities and activities involved in a life sci-
ence phenomenon and how these entities 
and activities are arranged and organized. 
Describing the mechanism of a phenome-
non involves explaining how the phenome-
non is produced in a regular way. Regular-
ity is shown in the way that the mechanisms 

FIGURE 1.  The figure shows the most inclusive description of protein synthesis as 
described in the Background section. The transcription is associated with the first part of 
protein synthesis, where the DNA is transcribed into mRNA; the splicing is associated with 
the part where the exons are omitted from the mRNA, leaving the introns; and the 
translation is associated with the part where the mature mRNA is translated into the 
translation product.
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typically work from beginning to end and in the way that the 
entities and activities are appropriately structured and ordered 
spatially and temporally (Machamer et al., 2000). In most bio-
logical domains, mechanisms are described at the cellular or 
molecular levels (van Mil et al., 2013). Using the broadest defi-
nition (see preceding section), the phenomenon of protein syn-
thesis can be described within the framework of the central 
dogma as the mechanistic process whereby information encoded 
in the genes (DNA) is translated to produce fully developed pro-
tein structures. A mechanistic explanation of protein synthesis 
should thus include descriptions of the properties of the partici-
pating entities as well as their activities and interrelationships 
(Craver and Darden, 2013).

Conceptual explanations provide another way of describing 
the same content knowledge (Scott et al., 2007). Learning about 
and understanding protein synthesis involves learning and 
understanding the concepts involved and their relationships, 
that is, understanding the central and peripheral concepts dis-
cussed in the preceding section, and the relationships between 
them (Gericke and Wahlberg, 2013). Moreover, in a conceptual 
explanation, the relationships between concepts are shown in a 
causal rather than a mechanistic way, as sketched in Figure 1. 
Much research on life science education has focused on the con-
ceptual aspects of learning and has shown that students find 
these aspects very challenging (Gericke and Smith, 2014).

Most earlier educational studies on life science education 
focused on gene function, that is, the overarching gene–trait 
relationship. This relationship is a core concept in genetics edu-
cation, but has long been described as educationally challeng-
ing and difficult for students to understand (cf. Venville and 
Treagust, 1998, 2002; Allchin, 2000; Lewis and Kattman, 2004; 
Duncan and Reiser, 2007; Gericke and Hagberg, 2007; Gericke 
et al., 2013; Gericke and Wahlberg, 2013; Thörne et al., 2013; 
Thörne and Gericke, 2014). It has been shown that students 
tend to think of genes at different levels of organization at the 
same time, as entities that convey information relating to traits 
(e.g., eye color) and the code for producing proteins (Duncan 
and Reiser, 2007). Students thus tend to see genes as having 
two distinct functions, one relating to the production of pro-
teins and another that causes traits to appear. It seems difficult 
for students to grasp the idea that a gene can encode both struc-
ture and function. Understanding this duality requires a devel-
oped explanation of how different concepts interact with one 
another on one level of organization to produce patterns and 
effects at a different level of organization (Lewis and Kattmann, 
2004; Duncan and Reiser, 2007). Duncan and Tseng (2011) 
found that students lack a fundamental understanding of pro-
teins’ functions as components of complex systems in genetic 
phenomena. They also struggle to decipher the exact role of a 
protein (Haskel-Ittah and Yarden, 2017). Therefore, for many 
students, the causal relationship between traits and genes is 
something of a “black box” (Reinagel and Speth, 2016). 
Haskel-Ittah and Yarden (2017) argue that students better 
understand the mechanisms underlying the gene–trait relation-
ship if they are presented with examples of proteins as entities. 
However, little attention has been paid to understanding the 
learning and teaching of the mechanisms, processes, and con-
cepts associated with protein synthesis.

We investigated upper secondary students’ understanding 
of protein synthesis (Gericke and Wahlberg, 2013). In that 

study, it was found that the participating students had difficul-
ties relating the starting and end concepts of protein synthesis, 
that is, the core concepts of DNA and protein. This could partly 
be explained by the fact that the students had difficulties relat-
ing the mRNA concept to the protein concept, that is, describ-
ing the translation process. Another main finding of that study 
was that the students compartmentalized the concepts into 
clusters: the core cluster, the transcription cluster, the transla-
tion cluster, the protein synonym cluster, and the inheritance 
cluster (Gericke and Wahlberg, 2013). The students could 
relate the concepts within each cluster but had difficulties 
relating concepts between clusters. Consequently, the tRNA 
and mRNA concepts were totally isolated from each other in 
the students’ minds, breaking any link between the transcrip-
tion and translation processes. The tRNA concept was only 
meaningfully related to the concept of amino acids, but as 
Fisher (1992) found several decades ago, students often 
believe that amino acids are synthesized in the translation pro-
cess. Wright et al. (2014) found that 36% of the fourth-year 
university students enrolled in their study believed that tran-
scription is a chemical transformation of DNA into RNA, or that 
mRNA existed before the process of transcription took place.

Further, we found that upper secondary students under-
stood the maturation process of mRNA only vaguely, and could 
not describe the meaning of the concepts of exons or introns, 
nor their relationships to mRNA (Gericke and Wahlberg, 2013). 
We also found that upper secondary students typically used the 
concepts of protein and polypeptide synonymously for the 
translation product. None of the students in the study could 
clearly differentiate between the concepts of enzyme, protein, 
and polypeptide.

To sum up, students lack an integrative understanding of 
protein synthesis; instead, they compartmentalize its subpro-
cesses and the related concepts. Moreover, they generally do 
not distinguish between the core and peripheral concepts.

The Importance of Language for Teaching and Learning 
Molecular Life Sciences
A “word” is in this article regarded as an entity that consists of 
a specific combination of letters (Hultman, 2003), and when 
this specific word is related to a knowledge domain, we regard 
it as a “technical term” or, in short, “term” (Halliday and Martin, 
1993). When a term is assigned a meaning, it will be regarded 
as a “concept,” as it can be seen as a mental description of the 
meaning of a word (Löbner, 2002). Technical terms are thus 
symbolic representations of the corresponding concepts. The 
concept has often been used in the literature when discussing 
student’s word usage without separating the term from the 
underlying concept. However, scientific concepts exist outside 
and independent of the corresponding terms, but the terms 
themselves are representations and resources for the higher 
understanding of concepts (Brown and Ryoo, 2008). In this 
article, “domain-specific vocabulary” or “technical term” is used 
when discussing the textbook text without addressing its 
meaning.

Every discipline such as molecular genetics and biochemis-
try uses a set of terms that are commonly known and form part 
of the discipline’s shared body of knowledge—the lexicon of the 
discipline (Fromkin and Rodman, 1998). This lexicon is formed 
by the discipline’s tradition and any new influence affecting 
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that tradition. Within a specific discipline, the lexicon consists 
of terms that have a commonly understood meaning among 
disciplinary participants. The lexicons of molecular biology and 
biochemistry may both include terms such as “DNA,” “gene,” 
or “protein.” When addressing specific parts of a phenomenon, 
different terms from the lexicon are used. In a communicative 
activity, terms are linked to each other in comprehensible flows, 
and the separate parts, which include more than technical 
terms to make the language comprehensible, work together to 
communicate a message (Shore and Kempe, 1999; van den 
Broek, 2010).

There is a vast amount of research on students’ struggles, 
difficulties, and learning obstacles when encountering mole-
cular life sciences. The domain-specific language of molecular 
life sciences encompasses a very large body of technical terms 
for students to handle and they risk getting overwhelmed by 
the amount of information to process (Wood, 1990). Further, 
the field has its own domain-specific vocabulary that is import-
ant to learn and understand (Pearson and Hughes, 1988) but 
that can at the same time also be a central obstacle to learning 
(Knippels, 2002). To understand a topic or phenomenon, it is 
important to know the meaning of technical terms and the ways 
individual terms are used, combined, and related to each other 
(Shore and Kempe, 1999). The students must be able to draw 
connections between large numbers of concepts to understand 
what is being communicated (Orgill and Bodner, 2007). Cen-
tral principles, mechanisms, and core concepts must be identi-
fied and related during teaching to facilitate learning (Driver 
et al., 1996; Tibell and Rundgren, 2010).

We still know very little about how science texts regarding 
life science are constructed (van den Broek, 2010), and even 
less about texts addressing protein synthesis. For this reason, it 
is important to investigate the structure and usage of the 
domain-specific language when communicating molecular life 
science content in general and protein synthesis in particular. 
This study contributes to the body of knowledge in this area by 
providing new information on the potential of textbooks to 
facilitate learning within these knowledge domains.

Conceptual Demography—The Frequency, Distribution, 
and Relationships of Technical Terms
Science can be communicated through different media, and 
written texts are one of the most frequently used formats. These 
texts are embedded in a specific context, and domain-specific 
vocabulary is the most important mediator of the content’s con-
textual meaning (Gilbert, 2006). Chemistry and biology stu-
dents are faced with texts that were intended to communicate 
content knowledge as effectively as possible. The challenge for 
students is to decode their meaning. Science texts need to be 
presented in a way that will facilitate students’ learning and 
increase the likelihood of learning taking place (van den Broek, 
2010). A central message in comprehending science texts and 
learning from them is to be able to identify relationships 
between concepts in the texts and being able to relate this to 
prior knowledge (van den Broek, 2010).

In this study, we will investigate the potential mean-
ing-making capacity of selected textbooks by investigating the 
conceptual demography of the technical terms used in their 
descriptions of protein synthesis. We will do this by investigat-
ing three components of the texts’ conceptual demography: the 

frequency, distribution, and relationships of their domain-specific 
vocabulary. By combining these components into a whole, we 
will delineate what we call the texts’ conceptual demography. 
Conceptual demography describes how the technical terms in a 
specific text describe a phenomenon in terms of how frequently 
the terms are used, their distribution, and the way they are 
related throughout the text. In that way, the conceptual demog-
raphy catches those properties of a text that relate to spatial and 
temporal relationships of technical terms. Hence, we can say 
something about the meaning-making potential of the phenom-
enon, and thus the underlying ideas, that is, the concepts 
describing it. In the following sections, we describe the compo-
nents of conceptual demography.

Frequency
To delineate the conceptual demography of the studied texts, 
we determine the frequency with which each domain-specific 
core and peripheral term relating to protein synthesis is used 
in the chosen term samples. This makes it possible to identify 
over- and underrepresented sample terms in the text. Over the 
length of a text, certain terms may be repeated. The frequency 
of their recurrence has been referred to as the “vocabulary 
frequency,” which quantifies the number of times a learner 
comes into contact with specific terms (Godev, 2009). It is 
suggested that increasing the number of times a learner 
encounters a term will deepen his or her learning of that term 
(Urzúa et al., 2006, in Godev, 2009). According to Tzeng et al. 
(2005), the reactivation of a term through a text is important 
for establishing conceptual connections to other terms in the 
mind of the reader. The National Reading Panel (National 
Institute of Child Health and Human Development, 2000) 
states that multiple exposures and repetition of vocabulary are 
important in the learning process. The frequency of a technical 
term being used can thus serve as an indicator of its impor-
tance, making term frequency a vital aspect of a text’s concep-
tual demography.

Distribution
Another important aspect of a text’s conceptual demography is 
the order in which technical terms are introduced and addressed 
throughout the text, that is, the spatiotemporal aspect of the 
text. The distribution is defined by the locations of the sample 
terms in the text, starting at its beginning. Analysis of the distri-
bution can clarify the structural arrangements presented in the 
text and reveal which technical terms student encounter first, 
last, and in between as they interact with the text. The ordering 
of the technical terms strongly affects both the text’s meaning-
making capacity and its readability (Perfetti, 2007). In particu-
lar, the duration of a term’s use (i.e., the extent to which it 
occurs regularly in the text rather than being confined to spe-
cific sections) affects the length of time over which students 
encounter that term, which has been suggested to enhance the 
likelihood of learning a concept (Godev, 2009). Linderholm and 
colleagues (2004) point out that the spatiotemporal aspect of a 
text is important for coherence-based retrieval of the meaning 
of a text. An important aspect, according to Linderholm et al. 
(2004), is in what way the reader can recall technical terms 
from previous reading segments and link them conceptually to 
the currently read sentences. A longer distance between techni-
cal terms makes comprehensibility more difficult. Hence, the 
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distribution aspect of the text is important for its learning 
potential.

Relationships
The final aspect of conceptual demography investigated in this 
work is the way in which sample terms are related to one 
another throughout the text. As presented by van den Broek 
(2010), the relationships made in a text represent one of the 
central features in student learning from texts. Here, a relation-
ship is defined in terms of the co-occurrence of sample terms 
within individual sentences. Lemke (1990) claims that the tech-
nical terms of a text create a “thematic pattern” that provides 
the meaning of the content knowledge through the relation-
ships between the terms. According to both Baker et al. (1998) 
and van den Broek (2010), it is important for a text to relate its 
central concepts to one another to communicate a deeper 
understanding to the reader and support learning. Therefore, a 
communicative text should contain many passages in which 
technical terms are related. This will expose the students to 
many term interactions and create opportunities for them to 
develop a thematic pattern that enables understanding of the 
scientific phenomenon as a whole.

Technical Terms in the Contexts of Chemistry and Biology
One widely recognized challenge within molecular life science 
education is the overload resulting from the ever-accelerating 
accumulation of scientific concepts (Millar and Osborne, 1998; 
Ananiadou et  al., 2006). The different meanings given to 
concepts by different contexts could create learning barriers. 
However, contextual differences have also been suggested to 
simplify this content load by allowing students to consider indi-
vidual meanings associated with concepts in isolation (Gilbert, 
2006). This study investigates the role of context in the presen-
tation of protein synthesis in science textbooks, with the 
contexts in question being the subdisciplines of chemistry and 
biology education. Because of its importance in the life sci-
ences, the topic of protein synthesis is included in both chemis-
try and biology curricula worldwide. In chemistry, it is typically 
presented in the biochemistry sections of upper secondary cur-
ricula and textbooks, while in biology it is typically presented in 
sections dealing with molecular biology.

In this study, we define a context as a discourse embedded in 
a cultural setting where the use of a specific language is an 
important element of understanding (Duranti and Goodwin, 
1992). In school, students are required to learn in different con-
texts and to be involved cognitively by applying previous knowl-
edge in new contexts (Shin et al., 2009). Vocabulary therefore 
must not be learned in isolation, but should always be pre-
sented in a meaningful context (Shin, 2006), that is, a context 
that gives meaning to phrases, sentences, and terms.

Gilbert (2006) claims that there are many different contexts 
in science education and that the meanings of concepts are 
dependent on their applications, which in turn depend on the 
context. One example is the concept of energy (see Cooper and 
Klymkowsky, 2013), which is a core idea in science but is 
explained in different ways (which are sometimes inconsistent 
with one another) in different scientific subdisciplines. For 
instance, the role of the energy concept in understanding 
changes in matter is presented in different ways in chemistry 
and biology. In chemistry education, the energy concept is often 

used in relation to thermodynamics and processes at the 
sub-microlevel to describe chemical reactions, whereas in biol-
ogy education it is often used in a more colloquial way to 
describe simplified macrolevel processes and the way energy is 
distributed as new compounds are formed or degraded in eco-
systems (Cooper and Klymkowsky, 2013). If these differences 
are not addressed in teaching, the different meanings of con-
cepts in different contexts can be difficult for students to dis-
cern, creating learning barriers. However, if these differences 
are explicitly addressed and compared, different contexts can 
provide complementary descriptions of concepts that may 
enhance students’ learning by providing multiple perspectives 
(Gilbert, 2006). Therefore, when teaching science, it is import-
ant to identify the way technical terms are given different con-
ceptual meanings in various contexts. A way to identify such 
differences can be to analyze the conceptual demography of 
texts portraying the same content knowledge while represent-
ing different contexts.

The Textbook and the Importance of Language as a 
Knowledge Mediator
The textbook is a rich source of information (Nelson, 2006) and 
is part of the process whereby scientific knowledge is trans-
formed into teachable school knowledge (Moody, 1996; Mikk, 
2000). As part of the learning process, the textbook plays a 
significant role as reading material for the student (Ekvall, 
2001). Woody et al. (2010) found that students typically choose 
printed textbooks in preference to electronic alternatives.

The textbook is important for secondary and upper second-
ary science teachers (Bergqvist, 2012). However, science text-
books are often dense in facts (Nelson, 2006), and the average 
science textbook may have significantly more new vocabulary 
terms than is recommended (Groves, 1995). For example, an 
elementary textbook may have as many as 30 new terms per 
chapter (Smith-Walters et al., 2016). This can make the text-
book’s content challenging for students to grasp (Edling, 2006).

The National Reading Panel (National Institute of Child 
Health and Human Development, 2000) states that to be effec-
tive, vocabulary learning should occur in rich contexts, and the 
vocabulary should be chosen and presented to ensure that the 
learner will find it useful in many contexts. It has also been 
argued that teaching concepts in various contexts will increase 
the likelihood that these concepts will be understood and 
learned by the students (Stahl and Kapinus, 2001; Gilbert, 
2006; Butler et al., 2010). This suggests that addressing a con-
cept from two or more viewpoints enhances student learning. 
The National Reading Panel (National Institute of Child Health 
and Human Development, 2000) also states that students will 
be better equipped to deal with specific content-area texts if the 
vocabulary in those texts derives from content learning mate-
rial such as the textbook.

There have been only a few textbook studies focusing on the 
life sciences, most of which have dealt with genetics education. 
Martínez-Gracia et al. (2006) reported that Spanish secondary 
biology textbooks describe procedural ideas but do not facili-
tate the learning of the main ideas of genetics. Gericke et al. 
(2014) reported that upper secondary chemistry and biology 
textbooks struggle to clearly present the relationship between 
genes and traits. Descriptions of gene function are presented in 
different ways in textbooks for different subdisciplines, and 



17:ar51, 6	  CBE—Life Sciences Education  •  17:ar51, Fall 2018

S. J. Wahlberg and N. M. Gericke

books from all disciplines tend to use simplistic explanations 
that avoid biochemical explanations (Gericke and Hagberg, 
2010). Finally, students’ understanding of the gene–trait rela-
tionship was found to be hindered by the different presentations 
of this relationship in the contexts of textbooks from different 
subdisciplines (Gericke et al., 2013).

To sum up, textbooks are among the most important teach-
ing materials and knowledge mediators in life science educa-
tion. However, upper secondary students often have problems 
understanding the life science content in their chemistry and 
biology textbooks because of the use of scientific language in 
different contexts. In this study, we investigate the conceptual 
demography of chemistry and biology textbooks to determine 
whether and how these different contexts are reflected in the 
conceptual demography of protein synthesis descriptions of the 
textbooks.

Aim and Research Questions
The aim of this study is to explore the importance of context as 
a differentiator between the meaning conveyed of the same life 
science phenomenon in biology and chemistry texts. Specifi-
cally, we compare the conceptual demography of written pro-
tein synthesis descriptions in Swedish upper secondary biology 
and chemistry textbooks to reveal implications for teaching and 
learning protein synthesis.

Within the comparative contexts of chemistry and biology 
textbooks, relating to the sample words “amino acid,” “DNA,” 
“exon,” “gene,” “intron,” “mRNA,” “peptide,” “protein,” and 
“tRNA,” the research questions are

•	 With what frequency is each sample term used?
•	 What are the distribution patterns of each sample term?
•	 What relationship structures can be found between the 

sample terms?

METHODOLOGY
The textbooks were investigated using a content analysis 
approach inspired by text summarization and text mining tech-
niques. Text summarization is a way of reducing texts to visual-
ize what is being communicated without the need of reading 
the whole text (Reeve et al., 2006). The focus of text mining-
research design is on extracting useful data from document col-
lections to reveal patterns of information (Feldman and Sanger, 
2007). Text mining uses computational techniques such as 
algorithms for discovering patterns, preprocessing routines, 
and creating inputs for visualization tools that can be used to 
depict the patterns within texts (Feldman and Sanger, 2007).

In this study, we based the methodology on routines inspired 
by “the nine steps in data mining” as proposed by Shmueli et al. 
(2010). These steps encompass the standard SEMMA (sample, 
explore, modify, model, and assess) protocol, and include

1.	 Development of an understanding of the purpose of the 
analysis

2.	 Obtaining the data set to be used for the data analysis
3.	 Exploring, cleaning, and preprocessing the data
4.	 If necessary, reducing the data
5.	 Determining the data task
6.	 Choosing the data technique
7.	 Performing the task using an algorithm

8.	 Interpretation of the results of the algorithm
9.	 Deploying the model by integration, for example, in opera-

tional systems

The aim of this study is not to integrate any operational sys-
tems, so step 9 was omitted. Steps 1–8 were conducted as 
follows:

Analytical Steps 1 and 2: Selecting the Data Set
The first step was determined by the research questions. The 
goal was to reveal the conceptual demography of the chosen 
texts and its components (frequency, distribution, and relation-
ships). Microsoft Office Excel was used to record, analyze and 
visualize the data. Separate spreadsheets were created for each 
component of the conceptual demography, that is, frequency, 
distribution, and relationships.

The Textbook Sample
The textbook sample consisted of every commercially available 
(in March of 2015) Swedish upper secondary textbook in chem-
istry (n = 3; Borén et al., 2012; Henriksson, 2012b; Andersson 
et  al., 2013) and biology (n = 4; Björndahl et  al., 2011; 
Brynhildsen et  al., 2011; Karlsson et  al., 2011; Henriksson, 
2012a). The chosen textbooks are all published by the three 
largest publishing companies in the country. All the books claim 
to follow the most recent curriculum implemented in Sweden 
in 2011 (Swedish National Agency for Education, 2011a,b). 
Older versions and other textbooks were excluded.

Textbook Section Sample
The table of contents of each book was read through, and con-
tiguous chapters and paragraphs concerning the molecular pro-
cesses of constructing proteins and the function of the gene were 
selected, typically leaving one or two chapters of interest. Some 
of the books contained periodic, short, isolated sections discuss-
ing some aspect of cellular activity that was not directly associ-
ated with the surrounding text. These passages were carefully 
scrutinized to clarify their relationship to the topics of interest 
and were excluded from the analysis where appropriate. Because 
we were interested in the textbooks’ vocabulary, the images, dia-
grams, and other graphics and captions were all excluded.

Chemistry textbooks use 785 ± 384 words in a whole sec-
tion, where 100 ± 27 words represent one of the sample terms 
(95% confidence interval). Biology textbooks use 771 ± 302 
words in a whole section, where 100 ± 45 represent one of the 
sample terms (95% confidence interval). The final samples 
from chemistry and biology textbooks contained on average 64 
sentences and 58 sentences, respectively. No difference in the 
number of sentences could be discerned statistically between 
chemistry textbooks and biology textbooks in the chosen sec-
tions (p = 0.25). Therefore, the contexts are comparable, as the 
number of sample terms per sentence is similar in both contexts. 
For a more detailed presentation of the textbooks, see Table 1.

The Technical Term Sample
The term sample consists of a selection of terms from the 
domain-specific vocabulary of biochemistry and molecular genet-
ics that in previous studies been found to be commonly used 
when describing protein synthesis in upper secondary education 
(Marbach-Ad, 2001; Gericke and Wahlberg, 2013). Specifically, it 
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consisted of the core and peripheral terms (concepts) presented 
in the introductory section: “amino acid,” “DNA,” “exon,” “gene,” 
“intron,” “mRNA,” “peptide,” “protein,” and “tRNA.”

Analytical Steps 3 and 4: Processing the Data Set
The selected text was digitalized and compared with the origi-
nal text in two rounds by two persons to minimize errors. 
Particular attention was paid to the punctuation in the text, 
because the analytical software used in the study employs punc-
tuation as an end marker. The algorithm was programmed to 
search for a specific combination of letters—a string—that was 
the technical term in the sample. Each selected term in the sam-
ple made up one string. For instance, the string “protein” will 
target all words including this specific combination of letters in 
the exact order as described to the algorithm.

Terms that could cause trouble (such as those containing the 
letter sequence “RNA”) were manually removed, and a “-” was 
inserted in the search term to exclude hits not corresponding to 
real matches. For example, the Swedish term “gärna” (Eng. 
“gladly”) would produce a false positive hit without this mea-
sure. All texts were manually scanned from beginning to end 
after each removal of unwanted terms to reveal further errors; 
this process was performed iteratively until no further errors 
were found.

Analytical Steps 5 and 6: Algorithm Construction and 
Validation
The data mining task was set up to analyze the frequency, dis-
tribution, and relationship of the terms in the term sample. The 
sentences in the processed texts were numbered according to 
the order in which they appeared in the corresponding text-
book, and each analysis began at the first sentence of the chosen 
text. The frequency was computed by counting the occurrences 
of each sample term. The distribution was defined by recording 
the number of each sentence in which the relevant sample term 
appeared. Relationships between two sample terms were char-
acterized by counting the number of sentences in which both of 
those two terms appeared. The count was increased by only one 
for each sentence containing both terms, even if one or both 
terms in question occurred multiple times in the sentence. 
Therefore, if one sentence contained “DNA” twice and “gene” 
once, the program would record one instance of the “DNA”–
“gene” relationship. For example, in the sentence: “The gene is 

a part of the DNA where a specific part of the DNA is targeted,” 
gene is mentioned once and DNA twice, but only one DNA–
gene relationship was recorded.

Analytical Step 7: The Algorithm Task
The algorithm was implemented in the commercially available 
program Microsoft Office Excel. To determine what operations 
should be performed and ensure that these operations were 
performed correctly, we implemented a training and data-vali-
dation process. This involved iterative manual searching for 
errors. Potential errors included positive hits in sentences that 
do not contain any of the sample terms, or double hits for sen-
tences containing only one instance of a given sample term, 
among others. Because of these risks, it was essential to care-
fully fine-tune the program file using multiple texts before ana-
lyzing the results in detail. An analysis of the protein synthesis 
section from one textbook was defined as a round of analysis, 
so there were seven rounds of analysis in total.

Analytical Step 8: Calculating and Representing the Data
Frequency, distribution patterns, and relationship structures in 
chemistry textbooks and biology textbooks were extracted from 
the spreadsheets that had been generated in Microsoft Excel. 
Calculations that were not automatically performed by the 
spreadsheets, such as computations of mean values, were per-
formed manually (see Table 1 and Supplemental Table S2). 
Because our aim was to compare a common depiction of the 
conceptual demography of the protein synthesis of all biology 
textbooks descriptions with a common depiction of all the chem-
istry textbooks, rather than individual textbooks, we decided to 
work with indexes instead of absolute numbers. In the process of 
indexation, the results were normalized against the texts’ lengths.

Statistical analysis using SPSS v. 22 was used to conduct a 
two-sided t test (95% confidence interval) to determine differ-
ences between term frequencies between contexts.

Data-processing steps performed after the main analysis also 
included the construction of visualizations to facilitate commu-
nication of the results, as seen in the figures presented in the 
Results section.

RESULTS
Our aim when conducting this study was to investigate the 
conceptual demography of protein synthesis descriptions in 

TABLE 1.  The raw data of the total word counts and the calculated percentage of sample terms in each text sample

    A B C D E F
    Total   Total %   Total
Subject References WC S ST ST/WC WC/S ST/S

Chemistry Andersson et al. (2013) 566 53 93 16.4 10.7 1.75
Chemistry Borén et al. (2012) 1176 91 132 11.2 12.9 1.45
Chemistry Henriksson (2012b) 614 48 76 12.4 12.8 1.58
Biology Björndahl et al. (2011) 512 41 69 13.5 12.5 1.68
Biology Brynhildsen et al. (2011) 765 47 82 10.7 16.3 1.74
Biology Henriksson (2012a) 612 47 81 13.2 13 1.72
Biology Karlsson et al. (2011) 1196 97 166 13.9 12.3 1.71

A, the total word count (WC) of the chosen sections; B, the total number of sentences (S) in the text sample; C, the total amount of sample terms (ST) in the text sample; 
D, the proportion of sample terms in the text (ST/WC); E, the average number of total words per sentence (WC/S); and F, the density expressed in percent of sample 
terms per sentence (ST/S).
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Swedish chemistry and biology textbooks, and to compare the 
two contexts. We will first address the frequency structure, fol-
lowed by the results of the distribution study and the relation-
ship structures between technical terms.

Frequency of Sample Terms
The results from the frequency study show that the most 
commonly used sample terms in both chemistry and biology 
textbooks are the core terms “DNA,” “gene,” and “protein” and 
the peripheral terms “mRNA,” “tRNA,” and “amino acid.” The 
results can be seen in Figure 2 as the percentage of the sample 
terms per total amount of words, that is, the density of each 
sample term, and also as absolute numbers in the Supplemental 
Material. The results show that there are no statistical differ-
ences (two-sided t test and confidence interval) in frequencies 
between the two contexts of chemistry and biology, except for 
the peripheral terms “tRNA,” for which p = 0.01, and “peptide,” 
for which p = 0.006. The terms “tRNA” and “peptide” are 
used much more frequently in chemistry textbooks. The term 
“peptide” is not mentioned in any of the biology textbooks.

Figure 2 also shows that very little attention is paid to the 
peripheral terms “intron” and “exon” in either context. These 
terms are associated with the important process of mRNA 
maturation.

Distribution of the Sample Terms
Figure 3, A and B, 1presents the distribution of sample terms in 
the texts in terms of their average number of occurrences in 
each consecutive sentence of the processed text, from first to 
last. The figures list the sample terms in an order corresponding 
to the sequence of the central dogma, starting with “DNA” and 
concluding with “protein.”

If we first address the core terms, we can see that the distri-
butions of the terms of “DNA” and “protein” follow similar pat-
terns in both contexts. The term “DNA” is mostly used in the 
first halves of the texts and then only used a few times in the 
remainder, whereas the term “protein” is more evenly distrib-
uted in both chemistry and biology texts, except for a gap of 
several sentences toward the end of the first third of the 

1The presentation of a multidimensional image for the conceptual demography in 
landscape diagrams is inspired by van den Broek (2010).

chemistry texts (between units 10 and 17 
at the axis showing the relative distribu-
tion in Figure 3, A and B). However, the 
usage of the core term “gene” differs 
between the biology and chemistry text-
books—it is relatively evenly distributed 
in the former case, but much more heav-
ily concentrated at the beginning of the 
text in chemistry books.

The peripheral term “tRNA” is associ-
ated with the later part of the protein 
synthesis section in both chemistry and 
biology textbooks, but the chemistry 
texts tend to introduce this term some-
what earlier. The distribution of the term 
“amino acid” differs slightly between the 
contexts: it is more evenly distributed in 

FIGURE 2.  The frequency of each sample term expressed in percent of the whole word 
sample in each context referred to as an indexed value.

FIGURE 3.  Distributions of the sample terms in chemistry (A) and 
biology (B) textbooks. The axis marked “Relative distribution” 
represents the average number of processed sentences from the 
beginning to the end of protein synthesis content in the text 
samples of the textbooks from each context. The axis marked 
“Average frequency” shows the average number of appearances of 
the sample term in each sentence. The technical terms of the 
sample can be seen on the axis marked “Technical term.”
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biology texts, whereas in chemistry texts, it predominantly 
occurs in the second half.

The peripheral terms “intron” and “exon,” which are central 
in communicating the process of mRNA maturation, are sparsely 
used in both contexts. However, their usage does differ slightly 
between the contexts. In cases in which the terms are used, 
chemistry texts generally feature them only in a couple of sen-
tences in the middle of the text, whereas they are more evenly 
distributed (despite only occurring a couple of times per book) 
in the biology texts.

Finally, chemistry textbooks use “peptide” only in the last 
third of the text when discussing the translation product. The 
biology textbooks do not use the term “peptide” at all. As previ-
ously noted, the term “protein” is evenly distributed in both 
contexts.

Relationship Structures of Sample Terms
We have defined “a relationship” in terms of the presence of 
two sample terms in the same sentence. The results of the 
relationship analysis are presented in Supplemental Material 
Table S2 and Figure 4, A and B.

Biology textbooks prioritize some relationships over others, 
while chemistry textbooks do not. Therefore, the variation in 
the occurrence of relationships between pairs of sample terms 
is greater among the biology texts. This is clearly shown in Sup-
plemental Material Table S2, which presents sample-term rela-
tionships in the texts. Chemistry textbooks allocate circa 55% 
of all found relationships in the text to the top eight relation-
ships (“amino acid”–“mRNA”; “amino acid”–“tRNA’ “DNA”–
“gene”; “DNA”–“mRNA”; “DNA”–“protein”; “gene”–“protein”; 
“mRNA”–“protein”; “mRNA’-tRNA’), whereas the biology text-
books allocate 64% of all relationships to these top eight. The 
remaining relationships can be seen in Supplemental Material 
Table S2 and Figure 4, A and B.

Looking more closely at the relationships between the core 
terms (“DNA”–“gene,” “protein”–“gene,” and “DNA”–“protein”), 
we can see that all three of these relationships occur more 
frequently in biology texts than in chemistry texts. The most 
common relationships in the chemistry textbooks are (in con-
secutive order): “amino acid”–“tRNA”; “mRNA”–“tRNA”; and 
“mRNA”–“protein.” Conversely, the most common relationships 
in the biology texts are (in consecutive order): “amino acid”–
“tRNA”; “DNA”–“gene”; and “gene”–“protein.” As can be seen, 
the biology texts emphasize the linking of the core terms, while 
the chemistry texts place a much stronger emphasis on relating 
the peripheral terms.

The most frequent relationship in both chemistry and biol-
ogy texts is the relationship between “amino acid” and “tRNA.” 
The relationship between “mRNA” and “tRNA” also occurs 
frequently. Notably, the term “mRNA” occurs in more relation-
ships than any other sample term in both chemistry and biology 
texts. In general, the chemistry textbooks contain more rela-
tionships between terms associated with the later parts of pro-
tein synthesis (i.e., those relating to translation), with the term 
“peptide” being an exception.

Finally, the less frequent sample terms relating to RNA matu-
ration—“intron” and “exon”—are weakly related to one another 
and the other sample terms in both contexts. However, “intron” 
and “exon” are involved in more relationships with other sample 
terms in biology textbooks than in chemistry textbooks.

The Conceptual Demography of Protein Synthesis
The conceptual demography of the treatment of protein synthe-
sis in chemistry and biology textbooks can be described by 
simultaneously considering the frequency, distribution, and 
interrelationships of the sample terms. Figure 3, A and B, shows 
their relative distribution, while Figure 4, A and B, shows their 
absolute frequencies (y-axis) and relationships (indicated by 
the thickness of the lines linking the term boxes). The chemistry 
and biology textbooks use the core terms at quite similar rela-
tive frequencies (Figure 2), although the frequencies of the 
terms “DNA” and “protein” are somewhat higher in the biology 
texts. This trend is more readily apparent when considering the 
absolute numbers of occurrences for each core term (see the 
positions of the core terms on the y-axis in Figure 3, A and B).

The distributions and relationships of the sample terms in 
the two contexts seem quite different. To begin with, the use 
of the core terms in the chemistry textbooks is more com-
partmentalized. Notably, the term “gene” predominantly 
occurs in the beginning of the chemistry texts, and the same 
trend exists for the term “DNA.” Additionally, there is a clear 
interruption in the occurrence of the term “protein” in the 
chemistry texts. The relationship data indicate that the core 
terms are much more central in the biology texts, because 
they are more strongly related to each other and the 
peripheral terms than is the case in the chemistry texts (see 
Figure 4, A and B).

The use of the peripheral terms exhibits greater variation. 
The terms “amino acid,” “mRNA,” and “tRNA” are the most fre-
quently used peripheral terms in both contexts and have the 
greatest number of relationships; conversely, the terms “exon,” 
“intron,” and “peptide” are less emphasized in both contexts, 
and the latter is not used at all in the biology texts. The chemis-
try texts focus heavily on peripheral terms associated with the 
final stage of protein synthesis, that is, translation: the terms 
“amino acid,” “peptide,” and “tRNA” are used and related more 
often in the chemistry textbooks. The relationship most strongly 
emphasized in the chemistry texts is that involving “tRNA” and 
“amino acid,” which are both primarily found in the later parts 
of the texts.

The sample term that differs most strongly in the conceptual 
demographies of chemistry and biology is “tRNA.” Chemistry 
textbooks use this term much more frequently than biology 
textbooks, although it is primarily used in the same parts of the 
text in both contexts. Therefore, students reading chemistry 
textbooks encounter the term “tRNA” much more densely than 
those reading biology texts, mostly as a result of a substantial 
contribution of one of the three chemistry textbooks. Despite 
this, there is an overrepresentation of the usage of the technical 
term “tRNA” in chemistry textbooks compared with biology 
textbooks. In both contexts, “tRNA” is most often presented 
together with the sample terms “amino acid,” “protein,” “pep-
tide,” and “mRNA.” However, the relationship between “tRNA” 
and “protein” is weak in both contexts, whereas the relationship 
between “tRNA” and “amino acid” is strongly emphasized in 
both contexts.

The sample term most strongly related to other sample 
terms in both chemistry and biology textbooks is “mRNA.” 
Moreover, it is evenly and repeatedly distributed in the texts. Its 
conceptual demography differs only slightly in the two con-
texts: biology texts use it uniformly along their length, and at a 
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somewhat greater overall density, whereas its use in chemistry 
texts decreases slightly toward the end.

The sample terms associated with the “mRNA” maturation 
system, “intron” and “exon,” are presented in specific text sec-
tions in both contexts, but are more strongly related to each 
other and to other sample terms in biology textbooks than in 
chemistry textbooks. Their usage follows the same pattern in 
both contexts: they exist in isolated, dense, coexisting islands, 
and their overall emphasis is weak.

DISCUSSION
Our results reveal clear differences between the descriptions of 
protein synthesis presented in textbooks for chemistry (where it 
is presented in the context of biochemistry) and biology (where 
it is discussed in the context of molecular biology). From our 
results, we denote the approach used to present protein synthe-
sis in the chemistry textbooks as a “mechanistic” approach, 
whereas the biology textbooks use what we denote as a “con-
ceptual” approach.

As defined by Machamer et al. (2000), a mechanistic descrip-
tion in life sciences comprises a regularity in which the entities 
sequentially participate in spatiotemporally ordered subactivi-
ties with well-defined starting points and endpoints. In our 

analysis of the conceptual demography, we can see that any one 
section of a chemistry text typically uses a couple of technical 
terms (i.e., entities) and relates them to each other, explaining 
their involvement in a particular submechanistic process of pro-
tein synthesis—for example, how amino acids are linked to 
tRNA. The entities represented by these core and peripheral 
terms and their relationships and activities with other entities 
(terms) are outlined and described in defined segments of the 
texts. This can be seen in the distribution patterns, which clearly 
show the repeated use of particular terms in specific sections of 
the text where the density of these technical terms is very high. 
Then, on moving to the next section of the textbook, another 
group of terms is more frequently mentioned and related. This 
approach maintains a focus on the mechanistic molecular pro-
cesses of protein synthesis throughout the chemistry texts 
clearly corresponding to the processes of transcription, splicing, 
and translation, which also was verified after rereading the 
textbooks after analysis. A consequence of this approach is that 
no priorities are given to the core terms, so no sample terms 
other than “mRNA” are used as meaning makers throughout the 
text. Instead, the terms and their conceptual meanings are 
isolated and compartmentalized within the text segments. 
Each technical term (except to some degree the term “gene”) 

FIGURE 4.  The relationships between selected sample terms and the average frequencies with which they occur in chemistry (A) and 
biology (B) textbooks. The numbers in parentheses indicate the average frequencies of the corresponding terms in absolute numbers, and 
the thickness of the lines linking pairs of term boxes reflect the strength of the relationship as a percentage of the total number of 
relationships found in the texts. The core term boxes are highlighted in red, and the peripheral term boxes are highlighted in blue. See also 
Supplemental Material Table S2, a and b.
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represents ontic entities with properties that at a molecular 
level realistically explain subactivities of protein synthesis. 
Hence, to explain each mechanistic activity, only a couple of 
technical terms are needed, and no references are made to over-
arching terms, such as the core terms, that provide a conceptual 
meaning of the phenomenon, that is, protein synthesis, as a 
whole. We refer to this way of presenting protein synthesis and 
molecular life sciences as a “mechanistic approach.”

The biology textbooks also to some degree follow this funda-
mental pattern of regular segmentation of the technical terms 
used. Still, the biology texts focus instead on the core terms of 
“DNA,” “gene,” and “protein,” together with the term “mRNA.” 
These technical terms are used consistently throughout the 
texts and are related to the other technical terms (the periph-
eral terms) that appear compartmentalized in “islands” within 
the text, as shown in the distribution and relationship analysis. 
Moreover, the density of the technical terms is generally lower, 
indicating that the mechanistic process of protein synthesis is 
not presented at the same level of detail as in the chemistry 
texts. Instead, the results show that the biology texts convey a 
more conceptual understanding of protein synthesis, never los-
ing sight of where it starts (DNA, gene) and ends (protein), and 
how the different subprocesses (transcription, splicing, and 
translation) relate to these points of reference. The term “gene” 
was particularly used for this purpose, being a non-ontic entity 
not involved in mechanistic explanations describing how prop-
erties of a molecule lead to a change in the activity (Machamer 
et al., 2000). The results show a focus on the overarching struc-
ture of protein synthesis in the biology textbooks, which was 
confirmed in the postanalysis rereading of the texts. Therefore, 
we describe this explanatory process as a “conceptual approach.”

The chemistry textbooks’ emphasis is primarily on sample 
terms relating to the later stages of protein synthesis. This focus 
is broadly consistent with the most condensed definition of pro-
tein synthesis (Nelson and Cox, 2013; Tymoczko et al., 2013), 
which focuses on the translation process. The biology text-
books, on the other hand, seem to adopt a wider perspective 
that in a higher degree includes the transcription and matura-
tion processes. The descriptions of protein synthesis in the two 
contexts thus seem to have different aims. The biology text-
books that present protein synthesis in a molecular biology con-
text are trying to present the process within the broader setting 
of its importance for gene function, whereas the biochemical 
context adopted in the chemistry textbooks necessitates a nar-
rower focus on mechanistic explanations of how peptides and 
proteins are assembled. This is also shown in the way the biol-
ogy texts do not use the term “peptide,” which is closely linked 
to mechanistic molecular explanations, but stick to the term 
“protein,” which has a wider conceptual meaning. It thus seems 
that the biology books more clearly address gene function, 
which has been identified as something students struggle to 
understand (Venville and Treagust, 1998; Lewis and Kattman, 
2004; Duncan and Reiser, 2007; Gericke and Hagberg, 2007). 
It is important for biology and chemistry teachers to be aware 
of the existence of these two approaches when using these text-
books, which is discussed in the next section.

Implications for Teaching and Learning Protein Synthesis
Depending on the aim of a teaching setting, it may be fruitful to 
use the chemistry textbook’s mechanistic approach as a rich 

source of detailed information on specific aspects of protein 
synthesis. However, as Tibell and Rundgren (2010) stress, there 
is a risk of drowning the students in detail at the expense of 
aiding their understanding of the protein synthesis process as a 
whole. On the other hand, addressing the overarching struc-
tures, as in the conceptual approach, may also impose difficul-
ties on students, because they may miss the benefits of the 
mechanistic explanations relating to the molecular structures. 
Therefore, they may struggle to understand why specific 
reactions take place. We see here a need for future studies inves-
tigating the effects on learning through mechanistic and con-
ceptual text approaches.

Technical Term Usage in Textbooks
We found that chemistry books discuss the term “gene” only at 
the very beginning of their sections on protein synthesis, 
whereas in the biology texts it occurs repeatedly and is evenly 
distributed throughout the text. These are two distinctly differ-
ent ways of addressing a term. As discussed by Halliday et al. 
(2014), terms used to build a text must be arranged in a rele-
vant flow. The biology textbooks never risk losing the important 
connection to the origin of the genetic material (the starting 
point of protein synthesis) as they move toward the construc-
tion of the protein. They may thus provide a more coherent 
level of understanding than the chemistry books.

Because chemistry books focus more on mechanistic details, 
this context may contribute to a deepened knowledge of spe-
cific stages of protein synthesis. Several terms are used many 
times throughout the chemistry texts and are also addressed 
numerous times within more confined sections, one example 
being “tRNA.” We know that repetition makes students aware of 
a term’s importance (Bybee, 1995), so if a term is repeated 
many times in a short section, the student may come to con-
sider that term to be more important than others, which may be 
misleading, because peripheral terms were mentioned as often 
as core terms in many cases. Consequently, the student may risk 
missing central points about the overarching structures of pro-
tein synthesis. On the other hand, repetition fortifies the acqui-
sition of learning.

The way students compartmentalize their understanding of 
protein synthesis may be strongly influenced by the textbooks’ 
choice and usage of terms, which could be concluded based on 
other studies of text comprehension (van den Broek, 2010). 
However, the previous findings that students did not link the 
concepts “mRNA” and “tRNA” (Gericke and Wahlberg, 2013) 
somewhat contradict the results of this study, which shows the 
importance of the relationship between the terms “mRNA” and 
“tRNA” in the studied texts, indicating that current textbooks do 
not support student learning. As can be seen in Supplemental 
Material Table S2 and Figure 4, A and B; the term “tRNA” is not 
related to any other sample terms in the biology texts (except 
“mRNA”), and only to the term “DNA” on some occasions in the 
chemistry texts. This lack of relationships to other technical 
terms might lead to the textbooks’ failure to support what 
Tzeng et al. (2005) denote as coactivation in the mind of the 
readers, that is, that the term in question is connected in a clus-
ter with the other concepts concurrently activated in the text. 
This hypothesis might explain why this relationship is difficult 
for students to grasp, even though it is highlighted in the text-
books and therefore warrants further studies. Given this 
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discrepancy, students risk missing an important link that con-
nects the processes of transcription and translation within a 
broader understanding of protein synthesis.

Chemistry textbooks pay more attention to the mechanistic 
explanations that sequentially relate a couple of peripheral 
terms at a time. Therefore, it would be of interest in future text 
comprehension studies to investigate whether this way of 
portraying a phenomenon really leads to coactivation (Tzeng 
et al., 2005), and thereby coherent conceptual understanding 
for the reader. Based on our findings, it could be questioned 
whether the reader can recall concepts from previous text 
segments and link them to the currently read sentences in 
mechanistically arranged texts, because a longer distance 
between the technical terms makes comprehensibility more 
difficult (Linderholm et al., 2004).

There is a need to scrutinize the labeling of specific struc-
tures, such as the somewhat ambiguous definition of the trans-
lation product in the textbooks, namely, the use of the technical 
terms “protein” and “peptide.” “Peptide” is not used at all in the 
biology books, which implies that the product formed immedi-
ately after completion of the translation process is referred to as 
a “protein,” that is, the focus is on a conceptual rather than a 
mechanistic level. Our findings suggest that textbooks may con-
tribute to students’ struggles in understanding the central role 
of “protein” if there is no clear guidance about when to use the 
terms “protein” or “peptide.” This is consistent with the findings 
of Haskel-Ittah and Yarden (2017), who have shown that stu-
dents are unable to clearly state the role and function of a pro-
tein. Our findings are also in line with the findings of Thörne 
and Gericke (2014), who stress the relationship between stu-
dents’ difficulties and ambiguous use of the “protein” concept in 
biology teaching. This warrants further investigation of the 
associated meaning.

Suggestions for Teaching
On the basis of our findings, we agree with the claim that teach-
ing strategies that present the meaning of the context are 
important for students’ conceptual learning (Gilbert, 2006). We 
therefore suggest, like Shore and Kempe (1999) and Gilbert 
(2006), that students should learn protein synthesis in rich con-
texts including conceptual and mechanistic approaches in com-
bination. Gilbert (2006) claims that the teaching of concepts in 
one context will increase the likelihood that they will be under-
stood in others. In a teaching situation, a teacher might high-
light the differences between the two ways of presenting pro-
tein synthesis. For example, in a biology course, the teacher 
could use a chemistry textbook to highlight a specific subpro-
cess of protein synthesis and enhance students’ mechanistic 
understanding. Conversely, in a chemistry course, a teacher 
could refer to a biology textbook to place protein synthesis in 
the broader setting of its biological role.

Gilbert (2006) argues that the meaning of contexts can be 
used to reduce or simplify a content load. We agree with Gil-
bert’s (2006) recommendation that the best way to facilitate 
learning is to identify the most important concepts within a sub-
ject and focus the learning effort on those concepts. As pro-
posed by Haskel-Ittah and Yarden (2017), students are more 
likely to comprehend the underlying mechanisms if concepts 
are presented as a central entity, as in the case of the protein 
concept in the gene–trait relationship.

We conclude that teachers and textbook authors and editors 
would benefit from recognizing the conceptual demography of 
the subjects they are teaching and writing about and the impact 
of the context as a scaffold that can facilitate students’ learning. 
This could help students to identify and bridge gaps in their 
understanding of protein synthesis.

Limitations and Future Research
We acknowledge that students are not only offered information 
solely through the written material provided by a textbook, but 
through a multitude of sources. Visual representations and arti-
facts are also important for teaching and learning life sciences 
(Treagust and Tsui, 2013), and studies of those teaching 
materials could provide additional insights into the mean-
ing-making capacity of the text as a whole.

Part of this study focuses on relationships between pairs of 
technical terms, because this is the most common term relation-
ship in texts. However, in the future, it would be of interest to 
investigate possible co-occurrence of higher-order relationships, 
including three or more technical terms, that is, to study their 
contribution to the meaning-making capacity of a domain-spe-
cific text.

This study does not address language as a source of meaning 
in terms of the functions of grammar in creating and expressing 
meaning (including nontechnical terms), that is, the way 
semantic relations give functional meaning to the technical 
terms. An example of such a functional view of language is the 
theoretical framework of systemic functional linguistics (SFL) 
(Halliday et al., 2014). An interesting further step would be to 
use SFL to investigate the meaning-making capacity of textbook 
sections on protein synthesis, which would make it possible to 
determine whether the differences regarding the different use of 
technical terms in biology and chemistry textbooks identified in 
this work affect or correlate with the texts’ overall meaning-mak-
ing capacity. Yet another interesting analysis would be a text 
comprehension analysis, as proposed by van den Broek (2010), 
of biology and chemistry texts portraying protein synthesis.
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