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Introduction

Scientists use the scientific method, which involves research questions and
hypotheses: probable explanations based on observations. This is followed
by meticulous design and execution of experiments and eventually the vali-
dation, refinement or rejection of the hypotheses (Carrol and Goodstein
2009). New findings are disseminated through publications where scientists
argue the validity of their research among their peers, with the main aim of
persuading their colleagues of the validity of their claims (National Research
Council 2007). Their discourse presents logical arguments that aim to max-
imize the probability that readers will acknowledge the findings (Dyasi
2000). In general, scientific language displays objectivity by using abstract
nouns derived from verbs and the third person passive voice, as well as
numerous technical terms. It is, therefore, semantically dense and imper-
sonal, and like all types of academic discourse, uses ‘power words and gram-
mar’ to package the knowledge of the field (National Research Council
2007; Marshall and Case 2010; Martin 2013). This specialized language is,
however, practically foreign to novices in the field (Marshall and Case 2010;
Ambitious Science Teaching 2015).

Gee (2005) conceptualizes scientific language as one type of discourse,
which he calls ‘little d” discourse — the reading and writing typical of a
certain community. This discourse may be very challenging for science stu-
dents (novices). The second type is described as ‘big D’ Discourse, which
presents the ways and values of a particular group or community, including
reading and writing, but also ‘behaving, interacting, valuing, thinking,
believing and speaking’ (Gee 1996; Marshall and Case 2010). Interestingly,
the ‘little d” discourse echoes the ‘big D’ Discourse thinking and valuing of
the community. In the context of higher education, first-year science stu-
dents are still newcomers, and Marshall and Case (2010) describe them as
‘outsiders’ to the language and practices (‘little d” discourse and ‘big D’
Discourse) of the science disciplines. Their lecturers, on the other hand, are
usually typically experienced scientists and therefore ‘insiders’ to the spe-
cific discipline, with its unique practices and academic d/Discourse
(Marshall and Case 2010). Their role should thus be to induct their
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students to become participants in the d/Discourse of the scientific com-
munity by promoting participation.

Higher education science classrooms are often more lecture orientated.
Such practice may prevent participation, through argumentation, or even
regular conversations about scientific topics. As ‘insiders,” lecturers often
regard the different ways to communicate the ideas in science (e.g. graphs,
tables, representations) as self-evident, while the meanings of these may not
be obvious to students because it is not made explicit in lectures and assess-
ments. Marshall and Case (2010) therefore reason that ‘in not allowing
space for a critical engagement with these values and ways of thinking,
numerous students are implicitly excluded from successful engagement
with the subject.” Furthermore, in considering international practice, Case
and co-workers (2013) argue for the importance of ‘making explicit the
academic literacy practices (d/Discourse) of the discipline’ to advance
learning for all students (here, academic literacy refers to the development
of academic language skills and thinking strategies that are essential for
successful study in the various disciplines). To achieve a more desirable
outcome, therefore, educators need to make an effort to model scientific
d/Discourse, and offer students opportunities to practice this specialized
language. This includes actions such as scientific argumentation, using evi-
dence to support knowledge claims, hypothesizing about scientific phe-
nomena, writing up experiments and referring to data and patterns in data.
When educators involve students in scientific writing, for example, the stu-
dents engage in a metacognitive activity where they not only contemplate
the correct wording to communicate their thinking but also reflect and
clarify their thoughts in the process (Institute for Inquiry 2015). Such prac-
tice allows them to develop their discourse (scientific language) while fos-
tering their scientific reasoning.

Various studies have looked at ways in which students’ scientific argumen-
tation and language can be developed. Engle and Conant (2002) proposed
‘productive disciplinary engagement,” where connections are made between
students’ learning activities and the ways of scientific discourse (National
Research Council 2007). Lee and Fradd (2002) argue for ‘instructional con-
gruence’ where educators use students’ language and cultural experiences to
make science relatable, accessible and also meaningful (National Research
Council 2007). This can be facilitated by providing students with opportu-
nities to contemplate on and grasp new ways of thinking, with a balance
between being challenged, yet feeling safe to experiment (ensuring that their
norms and practices are valued). Other studies showed that the use of scien-
tific language depends on students’ everyday language established in their
past or established over time (McNeill ez al. 2005). Also, when science stu-
dents must purposefully use language functions to articulate science, their
content knowledge, as well as their language and mathematical proficiency,
have been shown to improve (Dyasi 2006). This is due to its role as a key
cognitive tool in the development of problem-solving and higher-order
thinking. Kelly-Laubscher and co-workers (2014, 2017) highlighted the
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importance of exposing students to examples of the level of scientific writing
they are expected to produce and assisting them in deconstructing these
texts to better understand what is expected of them. Thus, educators need to
draw on the present strengths of students, raise their awareness of the various
types of discourse and make connections between them, and also make
explicit what is expected from them. This way, science students will learn the
‘rules of the game’ and that scientific discourse is distinct for the purpose of
building theories, interpreting data and logically communicating new find-
ings. And also, that explanations and claims in science always need to be
supported by rigorous scientific evidence (McNeill ez /. 2005).

Scientific writing is demanding for the majority of students, including
English-speaking students writing in their home language (McNeill ez al.
2005). Chimbganda (2000) showed the various strategies that first-year
Biology students, with English as a second language, use to compensate for
their limited writing proficiency. And Clarke (2015) reported on the influ-
ence of first-year students’ prior writing experiences at the school level on
their word and grammar choices. Moreover, it was found that students
require more skills to communicate their scientific thinking in written form
than in verbal form due to a higher level of language skill needed for writing
than for speaking (McNeill ez al. 2005; Institute for Inquiry 2015). This
implies that students’ language proficiency will have an impact on the devel-
opment of their scientific discourse. In South African schools, the language
of instruction (mostly English), is often different to the learners’ spoken
home language, which further impacts the development of their scientific
discourse. According to Boughey (2002), problems arise because students
struggle to ‘manipulate the forms of the [language of instruction] in a way
that would allow them to receive and pass on the thoughts developed in the
disciplines.” Some authors consequently argue for a pedagogy that will rec-
ognize that students oftentimes may not have the necessary language skills
required to succeed in some disciplines, such as the sciences (Hurst 2010;
Kirby 2010). Moreover, Maton (2013) showed that there is often a discon-
nection between complex disciplinary reading or ‘high-stakes reading,” and
the production of appropriate discourse or ‘high-stakes writing.” To address
some of these issues, many institutions of higher education have imple-
mented independent (add-on) academic literacy courses and modules
(Boughey 2002; Jacobs 2007). However, a host of studies have shown that
academic literacy is taught more effectively when combined with disciplinary
content or ‘literacy across the curriculum,’ compared to the non-integrated
approaches (Boughey 2002; Jacobs 2007; Case ez al. 2013). Jacobs (2007)
argues that disciplinary discourse should be made explicit to students by
their lecturers, while simultancously introducing them to the forms of
inquiry and knowledge production of the specific discipline. Kirk (2019)
corroborates this by stating that academic literacies curricula are not neutral
for the communication of academic knowledge and that language studies
should not be presented separately from discipline content to advance learn-
ing for all students.
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In this study, we focus on first-year Biology students’ scientific discourse
skills, and we explore ways to develop this fundamental skill. Here, discourse
refers mostly to ‘little d” discourse but also implicitly to ‘big D’ Discourse.
Key goals were to help students’ bridge the gap between reading complex
discipline content and writing scientifically (‘little d” discourse), and equally
important, to make the ways of inquiry and knowledge production in
Biology explicit to the students (‘big D’ Discourse). To develop students’
discourse skills, we followed the scholarly approach of ‘collaborative peda-
gogy’ (Jacobs 2007) by cooperating with our colleagues, the academic liter-
acy lecturers. The idea was for these lecturers to help our students gain
mastery over textual choices for, in this case, Biology knowledge practices.
Together, we designed a collaborative project to provide the first-year
Biology students with an opportunity to develop their scientific language
skills, through an introduction to the forms of inquiry and knowledge pro-
duction of the specific discipline of Biology. Thereafter, we evaluated their
use of scientific discourse from the following summative assessment. Also,
we investigated the level of scientific discourse found in their prescribed
first-year Biology textbook compared to the level of discourse found in the
current high school textbook.

Theoretical framework: Semantics dimension of Legitimation
Code Theory

To formulate and design the project as well as analyze the data, we drew on
the Legitimation Code Theory (LCT) concept of semantic density, which
explores the degree of complexity of meaning (Maton 2013,20144a,2014b).
LCT is a realist framework that considers knowledge practices. It is a multi-
dimensional toolkit that offers different dimensions to analyze particular sets
of organizing principles which underlie practices. LCT conceptualizes the
complexity of meaning as semantic density, which can be weaker or stronger
along a continuum and can also be weakened and strengthened in practice.

Scientific language is generally complex and therefore represents stronger
semantic density. However, complexity is a relative term, and often simply
refers to the cognitive demand of the assignment. In contrast, semantic den-
sity affords greater specificity, conceptualizing complexity in terms of the
condensation of meaning within practices, where condensation refers to add-
ing meaning to a term or practice. In this chapter, we worked with epistemic—
semantic density (ESD), which deals with epistemological condensation of
formal disciplinary definitions and descriptions (Maton and Doran 2017).
Epistemic—semantic density further explores the relationality of meanings.
Thus, the greater the number of relations to other meanings of terms or
concepts, referred to as a comstellation of meanings, the stronger the epis-
temic—semantic density (Maton 2013; Maton and Doran 2017).

Several studies have investigated teaching and learning in Biology using
Semantics. Kelly-Laubscher and Luckett (2016) showed clear differences in
curriculum structure between high school and university Biology. Others
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showed how this gap can be managed by using LCT tools to plan and exe-
cute various interventions (Mouton and Archer 2018; Mouton 2019). Other
studies have shown that shifts between more complex and simpler meanings
(stronger and weaker epistemic—semantic density) are crucial to support
cumulative knowledge-building (Maton 2013, 2014a, 2014b). Martin
(2013) further showed that complex language choices are associated with
these semantic shifts.

In practice, we expect students to express their subject knowledge using
discourse (‘little d’ discourse). However, they often struggle to formulate
their responses scientifically, using both simpler and complex meanings.
Therefore, the rationale of this chapter is to explore ways of teaching stu-
dents the ‘rules of the game’ in scientific writing, using the concept of
semantic density, before their summative assessments in which appropriate
scientific discourse is expected. In classroom activities, we often use terms
such as ‘power language’ to communicate to students how to formulate sci-
entific discourse. Thus, this study aimed to help students build their Biology
knowledge and power language by participating in classroom activities that
would facilitate the use of strengthening and weakening semantic density.
This approach may assist students to connect the two types of language,
mundane and scientific talk, through formulation practice and recontextual-
ization (Skovholt 2016).

Methodology

In this chapter, we explored ways to develop the scientific discourse of
first-year Biology students, for both their reading and writing, and there-
after we studied their use of this fundamental skill in a summative assess-
ment. The Biology lecturer, therefore, identified a section in the first-year
curriculum where students have struggled with articulating their concep-
tual understanding using appropriate scientific discourse, especially during
written assessments. To develop the students’ scientific writing skills, a
project was designed using collaborative pedagogy, thus cooperation
between the disciplinary lecturer (Biology) and the academic literacies lec-
turers, who also teach the same group of students’ general scientific com-
munication skills in a separate module. During the project, students
worked in groups of three, researching specific structures found in eukar-
yotic cells. To practice scientific writing, they had to compile a written
report about the structure and function of the organelles and systems
found in these cells. The next step was to submit the report to the aca-
demic literacies’ lecturers for feedback on the language and grammar of
their writing. After revising their reports, they then submitted the final
version to the Biology lecturer who assessed the scientific content, argu-
mentation and discourse.

To analyze individual students’ use of scientific discourse after the devel-
opmental opportunity, the final written assessment of the semester was used.
Six students were selected, representative of the cohort, considering their



Advancing students’ discourse through collaborative pedagogy 153

achievements, their Biology background, as well as their language profi-
ciency. The summative assessment covered most of the semester’s content
and also included the content of the project and written report. The dis-
course that we analyzed for this chapter focused on the nucleus and nuclear
envelope, a section of the prescribed first-year Biology curriculum. To fur-
ther contextualize our study, we also analyzed the corresponding content
from the school and first-year Biology textbooks.

Participants

Students enrolled in the Extended Degree Programme (EDP) Biology mod-
ule (Biology 146; instructed in English) at a South African University, par-
ticipated in the project. The EDP had been implemented for students from
previously disadvantaged backgrounds who fall just short of the university’s
programme entry requirements for mainstream offerings. The summative
assessments of six students, representing various levels of academic profi-
ciency were selected for the semantic analysis. An aspect that has to be taken
into account is the fact that not all of the students in this group took Biology
as a school subject. Moreover, a significant number of these students received
secondary education in languages other than English. English, which is the
language of instruction in this module, was often their second language.

Developing a translation device for semantic density analysis

Maton and Doran (2017) proposed a ‘generic translation device’ for analyz-
ing how epistemic—semantic density (ESD) realizes in English discourse.
They ofter different tools for individual words, word-grouping, clausing and
sequencing. Here we have related the translation device for wording to sci-
entific discourse as Figure 8.1. This device can be used to analyze the com-
plexity of meaning expressed by words in the discourse and how meaning is
added or increased through combining words with additional words. For
this study, we used both the wording and word-grouping tools (Biology
examples have been included in Table 8.1).

Wording tool

The wording tool is divided into two broad categories or types — namely,
technical words and everyday words. The meanings of technical words are
often ‘assumed within their specialized domain unless located in pedagogic
settings’ where their technical character may have to be emphasized.
Moreover, technical words carry significance to specialists in the field,
whereas they may appear foreign or dense to non-specialist readers. They are
often nouns, longer words, names or place names with clearly defined mean-
ings and strictly defined relations to specific contexts (Maton and Doran
2017). As a result, technical words are placed at the more complex, stronger
end of the epistemic—semantic density continuum (ESD+).
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Table 8.1 Epistemic—semantic density categories of Maton and Doran (2017) with

descriptions and examples from students’ discourse

ESD category Sub-subtype Description and examples from
cateqgory student discourse
ESD+ Technical; 8 This group typically includes actions
Conglomerate; and processes with multiple
Properties distinct parts each with its
technical meaning. E.g. ‘assisted
exchange’ and ‘protein synthesis.’
Technical; 7 This group also contains concepts
Conglomerate; with multiple distinct parts but
Elements does not include processes or
actions. E.g. ‘nuclear envelope’
and ‘eukaryotic chromosome.’
Technical; 6 This group typically includes actions
Compact; and processes but with a single
Properties meaning. E.g. ‘shuttling’ (cargo)
and ‘expression’ (gene).
Technical; 5 This group includes concepts
Compact; with a single technical
Elements meaning. E.g. ‘nucleus’ and
‘membrane.’
Everyday; 4 This group contains concepts that
Consolidated; are used in everyday language but
Specialist in this context is dominated by
specific technical meaning. E.g.
‘hereditary information” and
‘genetic material.’
Everyday; 3 This group contains concepts that
Consolidated; are used in everyday language but
Generalist in this case has a more general
technical meaning. E.g. ‘signal’
(noun) and ‘molecule.’
Everyday; 2 This group includes concepts that
Common; are used in everyday language and
Nuanced represent single happenings or
qualities. E.g. ‘reinforced’ and
ESD- ‘embedded.’
Everyday; 1 This group contains concepts that
Common; are used in everyday language
Plain with relatively general meaning.

E.g. ‘separate’ and ‘line.’

On the other end, everyday words represent simpler meanings and there-
fore weaker epistemic—semantic density (ESD-). The meaning of everyday
words is not set in specialized fields and they are generally judged based on
their usage in more common contexts. They are often shorter words in
comparison to technical words and can be any word type (nouns, verbs,
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Figure 8.1 Wording tool for epistemic—semantic density in English discourse (Maton
and Doran 2017).

adjectives, etc.). Everyday words can be related to a wide range of words
without losing meaning, creating more fluid relations to various contexts.

At the next level of the wording tool, the two types are further subdivided
to create four subtypes, which are then further subdivided to end up with
cight sub-sub-types, as shown in Figure 8.1.

Subtypes of technical wovds

Technical words comprise conglomerate words and compact words.
Conglomerates, as the term suggests, are words containing more than one
part or concept, each one having a technical meaning. In contrast, compacts
are single units with a single technical meaning. Conglomerates are there-
fore considered to be more complex (have stronger ESD) compared to
compacts, as they contain more meaningful parts. The sub-sub types of both
conglomerates and compacts provide an even finer level of ESD analysis.
Elements refer to ‘an item, entity or thing of some kind,” whereas properties
refer to ‘an action or quality of an item, entity or thing.” Conglomerate
properties are therefore seen to be more complex (stronger ESD) than con-
glomerate elements.
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Subtypes of everyday wovds

The sub-categories for everyday words are consolidated words and common
words. Consolidateds encode ‘happenings or qualities as things’ (e.g. invade
and invasion) while commons remain as they are, ‘happenings’ or ‘qualities.’
The term ‘happening’ refers to processes or events normally presented by
verbs. Similarly, ‘things’ refer to items or elements represented by nouns.
The finer level introduced for consolidateds distinguishes between specialist
words and generalist words. Specialist words are comsolidateds set in text
dominated by technical words. In contrast, generalist words are consolidateds
found in text dominated by everyday words. Two subtypes of common
words can also be distinguished: nuanced and plain words. The former refers
to words that exhibit more differentiated meanings whereas the latter are
relatively general and simpler in meaning, e.g. ‘embedded’ (nuanced) vs

‘lying in’ (plain).

Proxy words

These are stand-in or replacement words used in text, such as ‘nucleus’ and
‘it,” where ‘it’ refers to the nucleus in this case, or the term that was used
carlier in the text. In terms of complexity (ESD), proxies are not as strong as
the original word but not much weaker either. This is due to proxies not
exhibiting the same perception of complexity, even though they represent
the original word.

Word-grouping tool

Where the wording tool of Maton and Doran (2017) allows one to rate
individual words in terms of epistemic—semantic density, the word-
grouping tool considers the effect of combining or grouping words on
ESD (Table 8.2). When words are grouped, they can often strengthen
ESD. Maton and Doran’s (2017) word-grouping tool describes three
types of word groupings, called modifications, that increase the strength
of'a word’s ESD:

Table 8.2 An adjusted version of the word-grouping tool for epistemic—semantic
density (Maton and Doran 2017)

Type ESD as proposed by Maton How it was used in this chapter;
and Doran (2017) our translation device

located ESD1 ESD?1

categorized ESD11 ESD?t

embedded ESD111 ESD1t

defined not included ESD?
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e Located modifications (ESD1T) increase meaning by specifying a specific
location in time or space, e.g. ‘structures form around the genes.” This
allows for further differentiation.

e Categorized modifications (ESD11) increase meaning by specifying a
distinct type of word, e.g. ‘Free-floating nucleotides,” ‘unwound DNA.’
This allows for further differentiation by indicating the specific type and
subtype.

e Embedded modifications (ESD111) increase meaning by showing that
the word is active in an event or process, e.g. ‘genes that are responsible
for storing the hereditary information.” Thus, this type of modification
specifies a specific type of secretion plus a specific type of activity.

Modifications can also be combined. The more modifications that are added
in the text for a specific word, the stronger the ESD.

Results and discussion

Biology, like all other academic discourse, uses ‘power words and power
grammar’ to elucidate the knowledge of the field. Martin (2013) describes
‘power words’ as technical terms with a ‘greater strength of semantic density’
and ‘power grammar’ as the ‘knowledge construing power of grammatical
metaphor’ (which is one way of strengthening ESD). Thus, a discipline’s
knowledge gets packaged into text that stores the descriptions of the knowl-
edge field. Each discipline is characterized by a unique genre, and students
need to master the unique power composition of each discipline to know
how to scaffold and organize these genres for the particular discourse, espe-
cially in written assessments. According to Martin (2013), power composi-
tion incorporates both power words and power grammar to organize writing
that regularly shifts between complex meaning (ESD+) and simpler meaning
(ESD-). This leads to academic writing that is precise, critical and objective,
composed of complex meaning that is based on concrete evidence.

The textbooks

We examined the discourse of the two textbooks familiar to our students: the
prescribed first-year textbook used in this module and the prescribed school
textbook from their previous learning. Students must be able to access the
knowledge in these sources by reading, and these textbooks would also serve
as models for students to scaffold and organize the genres for their Biology
discourse. We reasoned that understanding the discourse profiles of these
texts in terms of power composition would serve as a baseline for comparing
the students’ discourse. Our analyses showed that the scientific discourse
used in these two textbooks differed significantly with regard to complexity,
density and volume (Figure 8.2). In Figure 8.2, complexity of meaning is
weakest at the bottom of each bar and becomes stronger towards the top
(Sub-subtype categories 1 to 8). Thus, the bottom band is weakest and the
band second from the top representing the most complex meaning. The
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Figure 8.2 Bar graph indicating proportion of simpler to more complex meaning in
the respective descriptions of the nucleus of a eukaryotic cell from the
first-year and the school textbooks.

band on the top of each bar represents terms that strengthened the complex-
ity of the descriptions (word-grouping tool). Although a difference between
these two resources seems obvious and was therefore anticipated, we com-
pletely underestimated the magnitude of the variance, both quantitative and
qualitatively. Firstly, the volume of text in the first-year textbook is significantly
greater than that of the school textbook. Moreover, the first-year textbook uses
a wide range of words and terms, with many coming from the two high-end,
more complex meaning categories 6 and 7 (Technical; Conglomerate; Elements
and Technical; Compact; Properties). Terms from these two categories (6 and
7) are completely absent from the school textbook. Thus, the first-year text-
book uses far more words (quantitative) and significantly more power words
and compositions (stronger ESD; qualitatively) than the school textbook,
which is very elementary in comparison. Moreover, there is significant episte-
mological condensation from the school to the first-year textbook and curric-
ula. Condensation refers to the process of adding meaning, in this case to
biological terms (Maton and Doran 2017), where substantial meaning is
added to terms they have learnt in school. Thus, when first-year students
engage with their new curriculum and textbook, they are suddenly confronted
with an exceptionally steep increase in volume, as well as complexity and den-
sity in meaning, which includes an increase in the number of power words and
added meaning to known terms. Many newcomers are underprepared for this
steep learning curve. Valencia (2014) found a similar situation with high
school learners struggling with textbook reading and argues that these texts
are ‘not structured like any other authentic reading.” The students who read
these textbooks already have to deal with learning many new concepts and
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data. Moreover, they are also confronted with new ways of thinking and rea-
soning that are important to the subject matter. Many of the students have not
developed the necessary comprehension skills for learning from such text.
Valencia (2014) therefore argues that ‘not only do [the students] need to
learn the content, they also need to learn how to learn from complex subject-
matter texts.” Our study revealed a similar situation in this first-year cohort.

Students’ scientific vocabulary

We found that the scientific vocabulary and use of power words varied con-
siderably among the students in the summative assessment. Figure 8.3 shows
that three of the six students (Students 4 to 6) displayed a proficient com-
mand of the Biology vocabulary (power words with stronger ESD) and
grammar needed to describe the structure and functions of the nucleus of the
cukaryotic cell. The remaining three students (Students 1 to 3) struggled to
cffectively portray this biological structure and all its components using writ-
ten discourse. In Figure 8.3, complexity of meaning is weakest at the bottom
of each bar and becomes stronger towards the top (Sub-subtype categories 1
to 8). Thus, the bottom band is weakest and the band second from the top
representing the most complex meaning. The band on the top of each bar
represents terms that strengthened the complexity of the descriptions (word-
grouping tool). When comparing the students’ descriptive accounts to the
first-year textbook, it was encouraging to see that Student 4 managed to use
most of the terms from the textbook, and further demonstrated a sound
understanding of how these components fit together and relate to one another
(power composition), as shown by the concept map in Figure 8.4a (a tick

ESD+

HNW&WU’!\IN%

o E & O

ESD-

Student1 Student2 Student3 Student4 Student5 Student6

Figure 8.3 Bar graph indicating proportion of simpler to more complex meaning in
the respective descriptions of the nucleus of a eukaryotic cell from the
students’ (1 to 6) final summative assessments.
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mark represents a concept being used and an ‘X’ indicates that the student
omitted the specific term. Nu = Nucleus; NE = Nuclear Envelope; Cy =
Cytoplasm; DM = Double Membrane; In = Inner Membrane; Out = Outer
Membrane; La = Lamin; Ri = Ribosome; PNS = Perinuclear Space; NPC =
Nuclear Pore Complex; NPo = Nuclear Pore; NPorin = Nuclear Porins; Exc
= Exchange; Chr = Chromatin/Chromosome). Student 5 applied fewer of
the relevant terms to depict this cellular structure (Figure 8.4b), although his
understanding and expression of the relations between the concepts was skil-
ful and sound. In contrast, Students 1, 2 and 3 used a limited number of
terms (some of which appeared in the question) and demonstrated signifi-
cantly less comprehension of the concepts, despite the earlier developmental
opportunity. Their understanding of how the concepts and components fit
together and relate to each other, using power grammar, was also impeded
(Figures 8.4c—d). These three students struggled to access the complex
discipline-specific knowledge, or as Boughey (2002) argues, had problems
with ‘manipulating the forms of the additional language in a way that would
allow them to receive and pass on the thoughts developed in the disciplines.’
Valencia (2014) reasons that many students struggle to use their textbooks
because ‘the chapters are long and packed with specialized vocabulary;
assumed background knowledge that students often don’t have.” In contrast
to Students 1 to 3, Student 6 was able to use many of the more complex
terms (power words) as shown in Figure 8.5. Interestingly, this student is
English-speaking (home language) but did not take Biology at school. So,
although we witnessed her working hard to obtain the necessary power
words (Biology vocabulary), her insight into how these concepts fit together
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Figure 8.5 Concept map of Student 6’s biology vocabulary describing the nucleus of
a eukaryotic cell.
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and relate to one another, needed more time for development (Figure 8.5),
which restricted her ability to exhibit power composition. The aspect of
discipline-specific scientific vocabulary, therefore, affects conceptual under-
standing, as well as the ability to communicate that understanding using pro-
ficient scientific discourse and power grammar. When students face science
assignments or assessments, they need words, ranging in complexity, to firstly
think about and process questions, ideas, possibilities and possible answers.
Thereafter, they need a discipline-specific vocabulary (power words) to com-
municate their answers and ideas, either through verbal or written discourse.
Dyasi (2006) therefore contends that ‘words represent intelligence; acquir-
ing the precise vocabulary and the associated meanings are key to successful
scientific thinking and communication.” Our observations and analyses cor-
roborate these arguments, which seems to be particularly true for students
who were not instructed in English at school. It, therefore, appears that stu-
dents who were instructed in English at school, despite having a different
home language, have an advantage when it comes to navigating the gap
between the school and first-year curricula and textbooks. These students
have developed more skills to manipulate the forms of their additional lan-
guage to express themselves and share their knowledge.

Unpacking’ of complex concepts

Another interesting finding was that the discourse of the students varied
considerably with regards to the degree of explaining or ‘unpacking’ of
complex concepts. In Figures 8.2 and 8.3, the complexity of meaning is
represented by the respective segments of the stacked bars with the more
complex meaning towards the top of the bars and simpler meaning towards
the bottom of the bars. When one considers sections 6 and 7 on these
stacked bars, these segments represent terms with relatively stronger com-
plexity of meaning, which should be mastered by the students in this curric-
ulum. Our results showed that the students were all able to use terms from
both these desired categories. However, some students (Students 4, 5 and
6) excelled in using these terms with greater complexity appropriately.
Students 4 and 5 further demonstrated a deep understanding of how these
concepts relate to one another. An example from Student 4’s discourse
demonstrates that this student was able to use her Biology vocabulary
(power words and grammar) to write a detailed description of the nuclear
envelope of a eukaryotic cell:

The membrane surrounding the nucleus is called the nuclear envelope.
The nuclear envelope has two membranes. It has an inner membrane
and an outer membrane and it contains an inner membrane space
between the two membranes. The nuclear envelope also separates the
nucleus from the cytoplasm and serves as a type of protection as it con-
tains the delicate genetic information.

(Student 4)
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This student displayed excellent understanding and mastery of both the
knowledge and scientific vocabulary using power words and grammar to
describe this cell structure from various perspectives, and we regard this as an
example of power composition. Even though she repeats herself to some
extent, her detailed description would allow even a novice in the field to
form a mental image of this structure. In contrast, despite Students 1, 2 and
3’s discourse including some terms from these two high-end categories, they
displayed significantly less understanding in their descriptions. For example:

...that will pass through the nuclear envelope (a membrane that covers
the nucleus and allows for specific substances passage...).
(Student 1)

It [the nucleus] has a membrane called the nuclear envelope that encloses
the nucleus’ substances and structures as well as allows substances to
pass through.

(Student 3)

It was also thought-provoking to notice how the students’ descriptions of
certain structures differed from the same descriptions in the school and first-
year Biology textbooks. Even the less proficient students showed some
development in their knowledge when compared to the school textbook,
which described the nuclear envelope by saying:

The nucleus is surrounded by a double nuclear membrane with pores.
The pores form the passage between the nucleus and cytoplasm of the
cell.

(School Textbook)

Despite the school textbook being moderately dense in meaning, it is rela-
tively low in volume and not very complex. The section we analyzed did not
contain any words from the stronger categories, 6 and 7 (Technical; Compact;
Properties and Technical; Conglomerate; Elements). We calculated that the
text comprised approximately the same number of words from category 5
(Technical; Compact; Elements) as the first-year textbook, however, the text
never reached the strongest levels of complexity in meaning in its descrip-
tions of these concepts.

In contrast, the first-year textbook presented both complex and very dense
meaning (ESD+). Moreover, there is significant epistemological condensa-
tion from the school to the first-year textbook. Condensation refers to the
process of adding meaning, in this case to biological terms. Moreover, the
descriptions of these terms in the first-year textbook were very concise, com-
pared to the discourse of the proficient students. The students used complex
words from both these desired categories (6 and 7), and some students
(Students 4, 5 and 6) excelled in using words with strong complexity. The
difference between the discourse of these three students and the first-year
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textbook can be ascribed to the extent of explaining and ‘unpacking’ done
by them when describing the relevant structures. Student 4 used a similar
number of complex words as the first-year textbook. However, she repeat-
cdly used specific terms (e.g. ‘nuclear envelope’), each time linking the term
to a different aspect, information or point of view, revealing different per-
spectives. In contrast, the first-year Biology textbook uses such a term only
once in its description of the same concept. Thus, the way Student 4 elabo-
rated on and constructed the text made her discourse less dense and com-
pact, and therefore more accessible, especially to novices, as she was
‘unpacking’ the condensed meaning gradually and systematically, shifting
regularly between complex and simpler meaning. Referring back to the
wording tool and our fourth category (Table 8.2), it is evident that this
student often used phrases such as ‘called the’ and just like the,” which
makes her written descriptions less compact, and in our opinion more acces-
sible to novice readers. We, therefore, argue that Student 4 models the role
of the lecturer in the teaching and learning process by ‘unpacking’ and
‘repacking’ the concepts in much detail, using a fair amount of repetition
and pointing out various perspectives of the same concept (Figure 8.6; % =
‘nuclear envelope’). This discourse is a perfect example of Maton’s (2013)
semantic waves where regular shifts can be seen between more complex and
simpler meanings. Figure 8.6 shows how the discourse in the first-year text-
book compares to that of Student 4 for the description of a specific cellular
structure. Despite the textbook description displaying semantic waves, it is
much more dense and compact. We, therefore, argue that the first-year text-
book is semantically very dense, thereby failing to facilitate epistemological
access for many students to this powerful knowledge. Lecturers, therefore,
need to make an explicit effort to make this written discourse more accessible
to students by ‘unpacking’ the complex meaning of concepts gradually and
systematically (Mouton and Archer 2018) in the way Student 4 modelled.
Throughout our analysis, using the word-grouping tool, we found that
proficient students often repeated themselves and frequently used phrases

ESD+

ES D_ 0 5 10 15 20 25
- & -First-year Textbook  --@--School Textbook —e—Student4

Figure 8.6 Semantic density profile of concept 1 component 2 from first-year and
school textbooks, and from final summative assessment of student 4.
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such as ‘called the” and ‘just like the,’ that helps to ‘unpack’ meaning but also
enacts accessibility to novice readers. For this study, we, therefore, used an
adjusted version of the word-grouping tool with a fourth modification for
our analysis that we named ‘Defining/Relating’ (Table 8.2). This is not the
type of phrasing that is typically found in more formal texts such as text-
books. However, in the students’ written text, these modifications tended to
make the text less dense by being more specific (defining), or by relating
preceding words to other concepts. Examples of such modifications would
be ‘membrane called the nuclear envelope,” or ‘just like the plasma mem-
brane, the nuclear envelope prevents...’

Going forward

After reflecting on the results of this study, as well as studying literature
showing that ‘science talk’ is cognitively less demanding than ‘science writ-
ing’ (Institute for Inquiry 2015), the project part of this study was amended
for future cycles in three ways: Firstly, within their groups, the students will
be given time to work through a given portion of the first-year textbook,
discuss the content and make a list of the Biology vocabulary (power words)
found in the text. Secondly, they will have to construct a concept map of the
given cellular structure to include the Biology vocabulary. The concept maps
are meant to promote the processing and synthesis of concept knowledge
and to reduce the cognitive load, but also help students discover how each
term relates to others in the bigger constellation of meaning. The concept
maps will then be used as a basis for the structuring of the written discourse
for the project. Thus, students will have time and opportunity to first
‘unpack’ the complex, dense meaning verbally and collaboratively, and there-
after in a visual concrete manner by constructing a concept map, before
having to formulate ‘high-stakes’ scientific writing. Lastly, an online Biology
dictionary has been compiled to help students understand and ‘unpack’
complex and compact terms by being able to quickly check the meaning of a
term before using it in their discourse. In future studies, we plan to investi-
gate the impact of these interventions.

Conclusion

This collaborative project was intended to make the literacy practices and
‘genre’ of Biology explicit to the first-year students through collaborative
reading and writing activities (Jacobs 2007; Kirk 2019). Another objective
was to provide students with an opportunity to engage in ‘high-stakes read-
ing’ by using their Biology textbook and other literature, develop their
Biology vocabulary and knowledge, followed by engaging in scientific writ-
ing by compiling a report, thus producing ‘high-stakes writing.” The project
was followed by a summative assessment, which presented another opportu-
nity to showcase their mastery of the content, but also provided material for
analyses of their writing skills. We believe that these activities brought some
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aspects to light: Firstly, the startling and underestimated difference between
the school and first-year Biology textbooks in terms of volume, complexity
and condensation of meaning, which would explain why so many students
struggle to use the first-year textbook eftectively. The gap between these
two resources is substantial, and lecturers need to be made aware of this to
assist students with this transition. Secondly, the variation in the profi-
ciency and command of the students in terms of scientific vocabulary is
noteworthy. Some students manage to gain and use a substantial volume of
new scientific vocabulary (power words and grammar), while many others
struggle to master the much higher volumes and accompanying complex
meaning. These students need more time and opportunities to engage in
using scientific discourse. Lecturers need to be aware of the wide variation
in skills between students and attempt to support them by developing and
sharpening these skills. Finally, the variation in skills among the students to
manipulate the forms of their additional language in a way that would
allow them to receive and pass on the knowledge they have developed in
Biology, nceds to be acknowledged. This study revealed how proficient
students skilfully elucidate complex meaning by gradually ‘unpacking and
repacking’ compact meaning from the textbook. We believe that this is also
the role of the lecturer, to unpack and repack the complex, compact mean-
ing for all students.

We believe that learning activities such as the one featured in this study, as
well as the ones that will be included in future cycles as a result of these
findings (e.g. the construction of concept maps), implicitly ‘include’ stu-
dents to successfully engage with the discipline of Biology, and its values and
ways of thinking. It contributes to the development of vital skills such as
students’ scientific discourse but also their identities as future scientists.
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