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Abstract

This paper investigates popular science articles written by Swedish high school students as part of a project aimed at
building their knowledge of the content of their natural science curriculum by integrating it with their Swedish language
studies. This work, an effort to promote content-area literacy and knowledge-building, was undertaken during their
project time. By analyzing the students” texts, the purpose of the study was to access their value as knowledge-building
tools. The analysis of the texts was carried out utilizing Maton’s (2013 ) theoretical concepts of waves of semantic density
and semantic gravity, which are seen as a prerequisite for cumulative knowledge-building. The investigation extends
previous studies on semantic waves since it incorporates into the analyses both linguistic features and visual elements.
The students were writing in pairs and a total of six texts were analyzed. The text analyses showed three different types
of semantic profiles, with four of the texts including features that served as means of cumulative knowledge-building.
In a concluding section, some pedagogical implications of the study are considered.
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1. Introduction

This study explores content area literacy and how writing is used as a knowledge-building tool
by a secondary school teaching team, at a high school located on the West Coast of Sweden, here
referred to as the T-unit. At the T-unit, subject-integration between language study and the natural
sciences during so-called project time (4 hours/week) was carried out. The natural science cur-
riculum provided the content and the language activities were used as a means of communica-
tion and a learning tool. At Swedish high schools, the natural science program is considered the
most difficult, and project time was launched as a way of counteracting the increasing number of
students dropping out of the program. The instructional design was based upon the premise that
students drop out of the natural sciences program not only because of the complexity of the sci-
entific content, but also because of the complexity of the language through which that content is
conveyed: highly condensed sentences, replete with technical terminology and abstractions, em-
bedded in clause structures that are rare in normal, everyday conversations and prose (Halliday
1998; Schleppegrell 2004; Veel 1997). As we will see in section 4, the T-unit teachers decided to
implement a program guided by four, partially overlapping, pedagogical principles: (1) student-
centered learning with multiple collaborative activities; (2) the bridging of in and out of school
experiences; (3) the view of communication as a social act, and (4) as a means of learning. The
model proved a success: more students succeeded in getting through the natural science program
and, in addition, a higher number of students passed the national language test with distinction.
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2.  Purpose

The aim of this study is to examine how effective the texts produced by the T-unit students are as
knowledge-building devices, a purpose often neglected in the research on content area literacy
(Martinez et al. 2015; Newell 2006). To this end, | examine six texts using Maton’s (2013) con-
cept of semantic waves (including waves of semantic density and semantic gravity), however, ex-
tended to incorporate not only verbal, but also visual elements.

3.  Theoretical background
Below, I will focus on previous linguistic research, which is of value to my study.

3.1. Writing to learn

The effectiveness of writing as a learning tool has been demonstrated in numerous studies on con-
tent area literacy (e.g. Applebee 1996; Dyson 1997; Gallas 1994; Langer 1992; Langer/Applebee
1987; Newell 2006; Nystrand/Duffy 2003; Ulusoy/Dedeoglu 2011; Troia/Graham 2003; Vacca/
Vacca 2000). However, writing studies have also shown that different writing tasks lead to diffe-
rent types of learning. Writing answers to questions or summarizing various sections of a text may
give the students a certain, although somewhat superficial, understanding of a topic. The type of
writing assignments that stimulate the greatest in-depth learning are those that require the students
to analyze, interpret or synthetize information from multiple sources. This should be seen in light
of the various complex cognitive challenges that the manipulation, synthesis and modulation of
various compositional strategies place on the writer. Thus, writing an essay is a complex activity
which challenges the student’s cognition in far more profound ways than, for example, the wri-
ting of a description, which is more likely to lead to superficial learning. Also, an essay is a text
that requires synthesis, i.e. the comprehension and incorporation of information from multiple
sources, and requires as well the alternation between reading and writing activities. In addition,
a synthesis text incorporates information from multiple sources, and requires the student to alter-
nate between reading and writing activities. Such a hybrid task has been shown to be an effective
learning tool since it involves students in recursive processes of selecting and organizing content
and connecting it with their prior knowledge (Applebee 1996; Martinez et al. 2015; Newell 2006).

3.2. Knowledge-building and specialized language

Legitimation Code Theory (LCT) is a theoretical framework and a tool for the analysis of know-
ledge construction in various cultural fields, particularly education. It builds on the work of Bern-
stein (1996) and Morais et al. (2001), who distinguish between three fields within any academic
discourse. One field is production of new knowledge, which takes place at universities and re-
search labs. A second field is reproduction, which occurs in schools where novices are tasked
with acquiring the knowledge produced within the aforementioned academic contexts in order
to prepare themselves for a professional career. A third field is that of recontextualization, which
is implemented by the National Boards of Education and by text-book writers. Here, knowledge
produced in the first field (at universities and research laboratories) is subjected to review and se-
lection regarding what should be included in school curricula (the second field) and thus will be
retained and reproduced.

Systemic functional linguistics is a highly effective tool in demonstrating how language use
varies according to subject area (Christie/Drewianka 2008; Coffin 2006; Fang et al. 2006). In
systemic functional linguistics, written language development is viewed as a movement from a
congruent grammar and everyday lexis, displaying commonsense knowledge, to an increasingly
more non-congruent grammar with an abstract and technical vocabulary, expressing un-common-
sense knowledge (e.g. Christie/Derewianka 2008; Colombi 2006; Halliday 1998; Martin/Rose
2008; Schleppegrell 2004; Veel 1997). Halliday (1993: 103-122) has defined the use of grammat-
ical metaphors as the single most important phenomenon in non-congruent language use, accom-
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plishing both a linguistic condensation and an objectification of the content. According to Hal-
liday (1998), nominalization is central in the construction of grammatical metaphors, whereby,
for example, a process (which is congruently realized by a verb) comes to be encoded in a noun
instead (e.g. remove — removal). Thus, the use of grammatical metaphor involves a metaphori-
cal shift in the grammatical class. Nominalization is a common linguistic feature of the academic
register, and not least so in the registers governing the natural science discourse (Halliday 1998:
196f.).

Combining the two theoretical frameworks, Legitimation Code Theory (Bernstein 1996; Mo-
rais et al. 2001), and systemic functional linguistics, Maton (2009, 2011, 2013) and Macnaught et
al. (2013) have analyzed the underlying principles of knowledge-building in various disciplines
and in student writing. In this study, I will apply Maton’s theoretical concepts of semantic density
(SD), semantic gravity (SG), and sematic waves, which have already been used in several stud-
ies focusing on learning constraints and possibilities in educational settings (see e.g. Christie/
Macken-Horarik 2011; Kilpert/Shay 2013). Semantic density refers to the presentation of mean-
ing in highly condensed form. Maton (2013) visualizes the degree of condensation as a continu-
um ranging from stronger semantic density (SD+), which is most often accomplished through the
use of grammatical metaphors, to weaker semantic density (SD-). Research articles exhibit strong
semantic density, with a concentration of highly technical words and grammatical metaphors,
whereas school text books have a lower degree of semantic density, with fewer abstractions and
nominalizations. The theoretical concept of semantic gravity refers to the degree to which mean-
ing is context-dependent. In general, meaning relates to a context, but, in academic registers, the
high degree of specialization provides a weaker semantic gravity (SG-). Conversely, classroom
discourse, in which technical concepts are often contextualized, gives evidence of a stronger se-
mantic gravity (SG+).

As a way of demonstrating how all practices incorporate a dynamicity of semantic density and
semantic gravity, Maton (2013) introduces the concept semantic waves, illustrating upward and
downward movements in a text. A downward shift represents ways of unpacking and contextual-
izing technical concepts (SD-; SG+), whereas an upward movement represents ways of repack-
ing and decontextualizing more commonsense knowledge, a shift that is accompanied by a non-
congruent language use (SD+; SG-). In classroom discourse, both movements play an important
role. The downward move builds a bridge between the often highly condensed and abstract mean-
ing of a text and the students” everyday language and commonsense experiences. But of equal
importance is the repacking of meaning, that is, the upward shift, which enables the students to
meet what Macnaught et al. (2013) refer to as power words (technical concepts) and power gram-
mar (non-congruent language/grammatical metaphors). According to Maton (2009, 2013), this
repacking is a prerequisite for the students” engagement in cumulative knowledge-building, that
is, a learning process in which new knowledge is integrated with old knowledge. This, in turn, is
a prerequisite for students” successful participation in higher education and their ability to pur-
sue lifelong learning, a skill that is crucial in today’s ever-changing information and technology
society. In contrast, and as a consequence of the students not unpacking the information, seg-
mented learning occurs. This implies that isolated units of knowledge are simply added to each
other. This mere accumulation of knowledge masks its interrelatedness, thus preventing the stu-
dents from making any connections between what they already know and new information (Ma-
ton 2013).

As for communication within the natural science, it takes place not only in verbal language.
Rather, natural science texts are semiotic hybrids (Lemke 1998: 87), consisting of a blend of ver-
bal texts, mathematical expressions, and various visual-graphical representations (such as tables,
graphs, diagrams, drawings, and photos). Overall, multimodality plays a significant role in the
ways we construe meaning of contemporary society (Lemke 2003; Kress/van Leeuwen 1996;
Macken-Horarik 2004; O"Halloran 2005; Whittaker et al. 2007). In education, there is a con-
tinuous need to enable the students to understand both the affordances and constraints of semi-
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otic resources as well as how they interact in various texts (Bezemer/Kress 2008; Maun/Myhill
2008). Over the past decades, a large body of research studies on multimodality in school-based
settings has been produced. In these studies, both multimodal textbooks and the students” use of
semiotic resources in their text production (such as images and videos) has been examined (Jones
2007; Kress et al. 2001; O Halloran 2007; Unsworth 2001). Several of these investigations target
younger students. However, none of them consider the ways in which semiotic resources are used
in combination with verbal texts in a way that underpins knowledge-building activities in content
area literacy at the high school level. This will be a secondary aim of the current study.

3.3. Learning as a socially situated activity

Language activities, including writing, do not occur in a vacuum, but are influenced by a number
of contextual variables (e.g., writing assignment, instruction, view of learning and language de-
velopment, type of feedback and assessment, and the interaction between students and between
teacher and student). This study is grounded in a cognitive and social constructivist perspective,
which, while acknowledging how the learner gradually appropriate knowledge in more refined
ways, also views learning as taking place through participation in social activities (Barton et al.
2000; Crawford et al. 2000; Richardson 2003). One aspect of this approach is Rogoft’s (1990) co-
gnitive apprenticeship theory, which postulates how a teacher or a more knowledgeable peer may
support the learner’s development through various mediating tools (e.g., writing and speaking).
This is, in part, influenced by Vygotsky's (1978) zone of proximal development metaphor in which
social interaction and collaborative processes (between students and between teacher and studen-
ts) are a prerequisite for students” continual advancement.

In the constructivist framework, higher-order intellectual activities and authentic-like situa-
tions for learning are favored. In this way, the students become participants in what Lave/Wen-
ger (1991) and Wenger (1998) refer to as communities of practice. This participation may foster
a collective competence (Wenger 1998), including similar ways of solving problems, speaking,
writing, and acting. Thus, learning is considered socially situated, and the texts produced in these
contexts are seen as part of discourses that are made up of “distinctive ways of using language,
other symbols, thinking, believing, acting, interacting, gesturing, and dressing” (Gee 1992: 160).
Student-centred learning involves a dialogical classroom where the voices of the students play
a crucial role and where students’ texts are looked upon as important knowledge resources (Ny-
strand 1997). The ambition of the T-unit’s teachers is thus to establish a community of practice
that, through the students’ collaboration and sharing of learning strategies, including the practice
of writing to learn, will enable the students to master the natural science curriculum.

4. Communication as a social act and learning tool

All T-unit teachers agree that, in order for students to become skilled writers, they need to under-
stand that writing is a social act of communication and, thus, in their text production, they need to
incorporate an awareness of their readers” age, educational level, culture, and so forth. This com-
bined emphasis on communication and reader awareness is no doubt the single most important
aspect of writing (and speech) instruction in the project classroom. Writing as a social activity is
extensively practiced in many classroom situations, and with guiding questions such as:

1. Who am I as a writer?

2. To whom do I write?

3. What knowledge and experience do the readers have of this topic?
4. What is the purpose of the text?
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Through these questions the students are repeatedly reminded to take into consideration both a
writer/speaker and reader/listener perspective in their writings/discussions. Through such instruc-
tion the students are acquiring a meta-language which enables classroom discussion about wri-
ting and speaking. Further, the assignments often include a set of role-playing situations during
which the students are asked to position themselves in the role of a particular writer/speaker or,
in the words of Ivanic (1998: 17-21), “assume discoursal identities”, for example, as a politician
discussing environmental issues or as an investigative journalist reporting on scientific investi-
gations. As a further means of practicing writing as a social act of communication, the students”
texts are frequently read/listened to by an authentic audience. For instance, the students have ser-
ved as guides to younger school children visiting a natural science park. The students have also
positioned themselves as (a) textbook authors who were writing a chapter in a natural science
textbook for year 8 students, including the writing of a lab/experiment procedural text, and (b)
teachers for the same school year (grade 8 students) and their teachers. The above-mentioned ex-
amples illustrate how authentic situations are used to practice students” ability to communicate.

Thus, an essential pedagogical principle guiding the T-unit’s attempts to increase students’

content-area literacy was the conviction that, in order to comprehend scientific texts, studen-
ts must first learn how to deconstruct complex, scientific language into their own — simpler,
everyday — language. It should be pointed out that the teachers in the T-unit were not aware of
Maton’s (2013) concept of semantic waves, and built their understanding of content-area literacy
on constructivist theories of learning (see e.g. Lave/Wenger 1991; Wenger 1998). Therefore, lan-
guage activities, such as writing and discussing, play an important role. Writing and speaking are
viewed as important mediating tools not only for understanding disciplinary knowledge, but also
for communicating through the use of adequate language to classmates as well as other readers/
listeners outside the classroom. Writing and speaking, thus, enable the students to appropriate
knowledge through a process which includes explaining information to themselves and to others
in their own words.

5.  Data, participants and text analysis

In this section, I will describe the data that are used in my study and the methods employed for
the analysis of the data. The section also includes a brief presentation of the students that partici-
pated in the study.

5.1. Data

Since I was interested in seeing what kind of natural science texts the students were able to pro-
duce after having studied under the T-unit for nearly two years, the data included here were ga-
thered during the spring semester, when the students were involved in a project that focused on
researcher(s)’ investigations. Project time was scheduled twice per week for a total of four hours.
The scientific investigation project lasted six weeks. During this time, I conducted field observa-
tions six times (i.e. once a week). Using an ethnographic method (Emerson et al. 2001), my field
observations included notes on the language activities, the communication the students had with
the researcher(s) behind the scientific investigation in question, and the conversations the studen-
ts had with their Swedish teacher.

This scientific investigation project challenged the students in several ways. For their writing
assignment, the students were required to produce a popular science article on one recent scienti-
fic investigation. The students’ research for these articles involved the reading of a variety of texts
about the topic as well as an interview with one of the researchers (either face-to-face, by mail, or
by telephone). The articles were then intended for presentation to their classmates during a semi-
nar. The students were encouraged to use features typical of the popular science article, such as il-
lustrations, explanations, and descriptions of research processes. As in the case of other language
activities conducted during project time, writing for the scientific investigation project is viewed
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as a mediating, knowledge-building tool for understanding the disciplinary knowledge involved
and for communicating this understanding to classmates and other readers/listeners. Writing (and
speaking) were thus viewed as a process in which the students transformed abstract knowledge
and language into “an accessible form”, while simultaneously appropriating the technical con-
cepts and vocabulary of the natural science discourse.

The scientific investigation project was the most demanding project so far for the students in
the T-unit, since it challenged both their reading and writing skills. The science texts they would
need to read contain many technical terms and the information is presented in a lexically dense
way. When writing, the students most likely would have to synthetize information from various
sources (Mateos et al. 2008; Martinez et al. 2015; Newell 20006).

Importantly, the language activities during project time occurred in a steady progression. Thus,
the writing of the popular science article was preceded by two assignments, the first of which was
reading a popular science article and orally summarizing it to a group of peers, and the second
was visiting a local paper, where the students met with journalists who discussed the details of
writing articles and creating textual layout, and who then also engaged the students in minor wri-
ting activities.

5.2. Participants and texts
The natural science class consisted of twenty-two students. A total of fourteen students participa-
ted in study. Four pairs of students wrote their projects in English and, hence, due to second-lan-
guage acquisition considerations, were not included in this study.

Table 1 lists the respective lengths of the students” popular science articles, and provides the
number and type of visual elements considered here as well.

text visual elements length
1. Astonishing research proves the existence of electrons photo (3) 957
2. High blood sugar may weaken memory photo (1), drawing (1) 722
3. Biosensors — an aid for diabetics photo (1) 927
4. Omega-3 may protect from blindness photo (2), text box (1) 1205
5. What is killing the slugs? photo (2), drawing (2),
table (2) 948
6. Attractive partners shortens the lifespan photo (1) 358

Table 1. Text title, visual elements, and length of the student texts

As seen from Table 1, the texts treat a diverse range of topics within the natural sciences and also
diverge significantly in length from 358 words (text 6) to 1205 words (text 4). The texts also dem-
onstrate a variation in the number and type of visual elements used. It should be pointed out that
while the students’ texts were originally written in Swedish, the excerpts used here as examples
were translated into English.

5.3. Text analysis

This study was designed primarily as a linguistic analysis of written student texts. Using Maton's
(2009, 2013) ideas of cumulative knowledge-building and his concept of semantic waves, the lin-
guistic analysis consisted of an examination of the degree of semantic density and semantic gra-
vity in the students” texts. This analysis was conducted in several phases. In the first phase, a tabu-
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lation of technical terms, including nominalizations/grammatical metaphors and elaborated noun
phrases (Halliday 1998) was carried out. The second phase consisted of investigating the extent to
which these terms/abstractions were anchored in explanations pertaining to more commonsense
knowledge domains, including the use of a less specialized vocabulary. In the third phase, the
overall textual structure (e.g. topic sentences, bold words), in combination with the students” use
of visual resources, was examined. The visual elements were coded for (a) number and type (e.g.
photo, drawing, table, etc.) and (b) degree of abstraction (e.g. a drawing of an object rather than a
photo renders a generic, as opposed to a specific, representation of reality, and thus may involve a
higher degree of abstraction). In addition, the visual elements were coded for (c) their correlation
with the verbal text (e.g. the visual element may represent a contextualization of the verbal text or
maintain the strong semantic density of the verbal text) (Guo 2004; Jones 2007; Rowley-Jolivet
2002). The final fourth phase of text analysis consisted of drawing figures of the semantic waves
regarding both verbal text and visual elements.

6.  Findings

The six texts that were analyzed in this study focus on diverse natural science fields, ranging from
atomic physics to general medicine. In text 1, the students describe how a research team was able
to photograph electron motion for the first time. Text 2 reports on a study which suggests that a
raised level of blood glucose may result in impaired memory function. In text 3, the students ex-
plain a method for monitoring blood glucose level with a biosensor. In text 4, the students present
a study aimed to assess the efficacy of retinopathy of prematurity (ROP) in premature infants.
Text 5 deals with an investigation of how various types of fungi can be used in the biological con-
trol of nematodes. The focus of text 6 is a study that investigates the longevity and reproduction
history in a Gotlandic population of collared flycatchers.

The text analysis revealed that each of the six texts presented a distinct semantic profile with
regard to, on the one hand, the verbal construction of waves of semantic density and gravity, and,
on the other hand, its utilization of visual elements. However, based on the number of different
aspects like nominalizations, technical terms and unpacking of abstractions, it was also possible
to discern certain commonalities that allowed for the categorization of the texts into three groups:

Group A: High semantic density with waves of contextualization and with a rather high pro-
portion of visual elements playing an important role in the meaning-making processes. The texts
in group A are all highly effective as knowledge-building devices.

Group B: Medium to high semantic density with waves of contextualization. Visual elements
play a subordinated role in the meaning-making processes. The texts in group B are to a certain
degree effective as knowledge-building devices.

Group C: Low semantic density with no need for waves of contextualizing. Visual elements play
a subordinated role in the meaning-making processes. The texts in group C are not effective as
knowledge-building devices.

6.1. Group A (texts 1, 4 and 5)

In general, it may be said that texts 1, 4 and 5 represent a high degree of semantic density given
their many clauses involving taxonomic structures of classification and defining and explanatory
descriptions with technical terms, all typical of the natural science discourse. As effective know-
ledge-building tools, texts 1, 4 and 5 also contain downward shifts of unpacking the abstractions
through both linguistic features and visual elements.

Text 1 focuses on what would seem the most complex topic of all the students” scientific pre-
sentations, namely the successful filming of an electron. As a means of stimulating interest in the
content and guiding the reader through the complex research processes described, the student wri-
ters employ a number of interpersonal linguistic resources. One example is the introductory sen-
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tences in the first paragraph, where an imperative (italics), an elliptical interrogative (bold), and
comment adjuncts (italics and bold) appear:

Imagine a pulse that it is so short that it is related to a second as a second is related to the age of the
universe. Difficult to imagine, isnt it? To capture something that is so incredibly short is even more
difficult to imagine. But believe it or not somebody has actually succeeded in doing this.

Throughout text 1, explanatory processes with strong semantic density are found, incorporating
nominalizations/grammatical metaphors (italics), elaborated noun phrases (bold) and numeric en-
tries (italics and bold).

It takes about 150 attoseconds to circle the nucleus of an atom. In order to capture these rapid mo-
vements, extremely short flashes of light are necessary /.../ Yet another precondition for obtaining
sharp images is for the process to be repeated in an identical manner which is the case regarding the
movement of an electron in a ray of light.

The technical abstractions (SD+) are then unpacked by means of a commonsense knowledge do-
main (SG+).

We may compare this with capturing a hummingbird flapping its wings. You then take pictures when
the wings are in the same position, such as at the top.

Importantly, note how the shift in knowledge domain is accompanied by a change in language
use: from shifts from an academic register to an informal one that incorporates interpersonal lin-
guistic resources (the personal pronouns /w/e and /y/ou) in the latter sentences. In addition, text 1
includes color photos, one of which illustrates the energy field of an electron and another a hum-
mingbird flapping its wings. These photos are placed near the concluding part of a rather lengthy
section that exhibits a high degree of semantic density. Both photos serve as effective contextu-
alizing elements (SG+), linking together both the un-commonsense knowledge presented (the
filming of an electron) and the representation of this process through an example from an every-
day knowledge domain (a hummingbird flapping its wings).

The next student text to be considered, text 4, begins with a photo, illustrating yellow ome-
ga-3 pills against a blue background. The text that accompanies the photo reads: “A scientific stu-
dy shows that a supplement of omega-3 fatty acids reduces the risk for eye disease.” The intro-
duction with its photo provides strong semantic gravity (SG+). What follows are text chunks of
strong semantic density (SD+) that are linguistically realized not only through technical terms/
grammatical metaphors (bold), but also through elaborated noun phrases (italics and bold), and
acronymizations (underlined), that is, abbreviations of longer words so typical for the natural sci-
ence discourse.

Omega-3 belongs to a family of polyunsaturated fatty acids to which Omega-6 also belongs. /.../ The
fatty acids that are particularly important during pregnancy and breastfeeding are DHA (doxosahera-
xenooc acid) from the Omega-3 family and AA (arachidonic acid) from the Omega-6 family.

Technical terms and abstractions (bold) of the academic register are unpacked through explana-
tions written in a more informal language (italics). Note also how this unpacking is then followed
by an upward shift (SD+) in which a grammatical metaphor is used to define the scientific term
for the process described (bold, last sentence).

Before week 32 the retina is not completely vascularized, which means that there is an area that
lacks blood vessels. At a later stage blood vessels may grow, but chances are that these will be patho-
logical, that is sick blood vessels. This entire process is called neo-vascularization.

Text 4, furthermore, includes a detailed and semantically dense description of the five stages of
the disease retinopathy (SD+), a description that is then unpacked (SG+) through a summary in a
visual element, a text box.

Words highlighted in bold demonstrate that a new aspect of the scientific investigation is being
introduced, and serve as a means of reader support.
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Annually, approximately 1.000 infants are at risk of developing an eye decease called retinopathy of
prematurity (ROP).

Similar to texts 1 and 4, text 5 contains waves of strong semantic density (SD+). Unlike texts 1
and 4, though, text 5 is contextualized through reference to a visit the student writers made to a
researcher’s laboratory, where they were given the opportunity to conduct a minor research ex-
periment involving the scientific investigation they were to present in their article (which focused
on the use of certain fungi in the control of nematodes). The students” experiment (italics) is in-
terwoven in the text with semantically dense information (technical terms in bold) about, for ex-
ample, DNA sequencing and about the various types of fungi, all written with the use of an aca-
demic register typical of the natural science discourse. Because of this textual organization, waves
of both strong semantic density (SD+) and semantic gravity (SG+) are construed.

We were allowed to examine two different kinds of fungi Arthrobotrys oligospora and Dactyllella
candida. /.../ Predatory fungi catch nematodes with the help of different types of capture means, for
example it may be sticky networks, branches, buds or strictly mechanical (sic) means of capture in the
form of rings that close around the nematodes. Arthrobotrys oligospora catches nematodes in 3D
like rings which the nematodes get stuck in and Dactyllella candida catches nematodes with their
buds.

Comparison with texts 1 and 4 reveals that text 5 differs regarding the use of visual elements.
Whereas texts 1 and 4 incorporate three visual elements each, text 5 contains six visual elements.
Some of these semiotic resources also involve a higher degree of abstraction than the visual ele-
ments in texts 1 and 4. For example, text 5 includes two tables with numeric entries, detailing the
results of the students’ research experiment. Numeric entries are generally considered to be a vi-
sual element with strong semantic density (Jones 2007). In text 5, the surrounding verbal text ex-
plains the tables, thus serving to create waves of stronger semantic gravity.

As you see the number of living nematodes have been approximately halved in all four fungi cases,
which illustrates that these fungi serve as good predators for the biological control of nematodes.

Another visual abstraction in text 5 is a microscopic photo of a nematode caught by a fungus. Text
5, moreover, includes a photo of one of the students looking into a microscope, thus showing the
students” actual involvement in a research experiment. By positioning themselves at the centre of
the content, the student writers give their article a strong semantic gravity as well as an interesting
insight into the work of a natural science researcher.

The student writers in Group A all acknowledged that their contact with the researcher had
been very beneficial. For example, the student writers of text 1 corresponded by mail several
times with the researcher who, at some length, explained the various research steps, relying in part
on comparative examples from commonsense knowledge domains; these examples are echoed in
text 1. The student writers of text 4 traveled to meet the researcher for an interview outside her la-
boratory. The student writers of text 5 were invited to the researcher’s university laboratory where
they were given the opportunity, albeit on a minor scale, to repeat the researcher’s experimental
study. During this visit, the researcher also showed the students a film pertaining to the scientific
investigation, and explained in detail the entire research process.

6.2. Group B (text 3)

Similarly to texts 1, 4 and 5, text 3 contains waves of semantic density and gravity. Several expla-
natory descriptions with technical concepts are used to describe both the technique which makes
it possible to construct the biosensor (a device which measures the blood sugar level), and, partly,
to describe how the biosensor is injected into the arm, including the function it serves there. The
knowledge-building strategy in text 3 is to immediately “translate” the commonsense knowledge
(SGH, italics) into an abstraction (SD+, bold) or vice versa.

They studied how the binding strength, the affinity, varied with temperature and different kinds of su-
gars.
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Throughout the text, various research processes are clearly described. Clear logical markers bet-
ween clauses guide the reader through the text (bold and italics).

Fluorescence technique involves that an atom or a molecule is excited. This means that you add a
photon, /ight, to the atom which gives it energy.

However, although it is written in an academic register, text 3 includes fewer peaks of semantic
density (SD+) than the texts in Group A. Moreover, text 3 incorporates only one visual element:
a photo of a traditional blood sugar measure, using a finger prick to draw blood. A photo display-
ing the new technique, which would have increased the text’s knowledge-building capacities, is
not included.

The interview with the researcher was conducted via a telephone conversation where the re-
searcher extensively explained the steps that resulted in the construction of the biosensor.

6.3. Group C (texts 2 and 6)

Due to their low degree of semantic density, texts 2 and 6 are categorized as Group C-texts. Thus,
texts 2 and 6 contain few technical terms. For example, the collared flycatcher, the focus of text 2,
is referenced, not through its Latin name, but with everyday nouns such as male and female and
through pronouns (ke, she, their).

The females who already at birth have a large body size and were less fat became longlived, explained
X X (name of the researcher). She also said that a limited calorie intake at the beginning of life may
have prolonged their lives.

As the example suggests, text 2 is largely built through projected clauses (bold), containing infor-
mation the students obtained during their interview with the researcher. Undoubtedly, the many
projected clauses give the text a non-academic language style. As seen in the extract below, text 6
occasionally includes some technical terms (SD+, bold), which are explained (SG+, italics), alt-
hough not to the extent that the text produces semantic waves of knowledge-building.

Episodic memory is what we call short term memory and these are all personal experiences, what you
had for breakfast or what date you got married for example.

In addition, texts 2 and 6 each incorporate only one visual element, respectively. In text 2, the vi-
sual element is a drawing of the human mind, illustrating the location of hippocampus, thus in-
cluding abstraction, whereas text 6 contains a photo illustrating a collared flycatcher with a white
spot on its forehead. Admittedly, both visual elements heighten the texts” efficacy as learning
tools, and, in particular, the drawing in text 6. It is, however, noteworthy that both texts display
a lack of “logical flow,” which normally helps the reader follow the transition from one sentence
or thought to another.

The interview with the researcher was conducted via telephone conversation. Although the stu-
dents acknowledged that the researchers” explanations had deepened their understanding of the
respective scientific investigation the interview was rather short.

7. Discussion and conclusion

This study examined content-area literacy developed as a part of subject integration between the
Swedish language and the natural science curriculum. More specifically, it targeted the questi-
on of the extent to which the student texts (popular science articles) reporting on scientific inve-
stigations fulfilled their function as knowledge-building tools. The answer to this question was
sought by investigating the waves of semantic density (SD+) and contextualization/semantic gra-
vity (SG+) in accordance with Maton’s (2013) notion of cumulative knowledge-building. This
occurs when students, attempting to master academic knowledge replete with technical terms and
abstractions, simultaneously consolidate this knowledge/language in explanations that rely upon
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less formal language use. In this study, both verbal texts and visual elements were analyzed, he-
reby developing the results of previous studies on semantic waves.

The six texts analyzed were categorized into three groups (A, B and C). The findings revealed
that each text had a distinct semantic profile, but also that four of the texts (Groups A and B) dis-
played significant semantic waves of density and gravity, such that these texts would contribute
to cumulative knowledge-building. This was primarily true of the texts in Group A where the se-
mantic waves exhibited both strong semantic density and gravity. What further distinguished
these three texts from the other texts was the fact that they all incorporated several visual ele-
ments, which, taken together, served as effective knowledge-building devices. Placed at “strate-
gic” points in the articles, these visual elements provided a link to the verbal texts, either reinfor-
cing the strong semantic density of the verbal texts, or serving as contextualization tools, provi-
ding “explanations”/visualization of an abstract content. This finding is a clear indication of the
successful language instruction at the T-unit where the students are continuously engaged in lan-
guage activities that are taught as communicative social acts, and where the students are constant-
ly reminded to take into consideration a reader/listener during their text production (see Barton et
al. 2000). This suggests that the students” participation in the T-unit has shaped a certain collec-
tive competence among them that provides essential guidelines for ways of speaking, writing and
acting. (Gee 1992; Lave/Wenger 1991; Rogoff 1990).

To a certain degree, all of the texts examined served as knowledge-building tools, but as for the
two texts in Group C, their semantic profiles suggest that they only provided superficial oriented
learning with no or little use of technical terminology, and no exploration which would have allo-
wed the reader to shape a holistic understanding of the research processes of the respective scien-
tific investigation. As for the text in Group B text, it had a semantic profile that resembled that of
the Group A texts. However, the waves of semantic density were fewer. Moreover, the Group B
and C texts contained only one or two visual element(s) each, suggesting that the students did not
fully comprehend how visual representations may be used to enhance learning and reader com-
prehension. (see Kress/van Leeuwen 1996; Maton 2009, 2013).

Several variables may have influenced the outcome of the student texts, one of them being the
difference between high-achieving and low-achieving students, which, according to their teacher,
probably was one explanation for textual differences. However, in the context of text production,
another and highly important variable must also be accounted for, and that is the support each
student group received from the researcher. As the results demonstrate, the communication with
the respective researchers ranged from rather short telephone conversations to extensive mail cor-
respondences to an invitation from the researcher to spend an afternoon in her laboratory, where
she, moreover, engaged the students in an on-going scientific investigation. There is, in fact, a stri-
king correspondence between the knowledge-building the students were able to produce in their
texts and to willingness of the researcher to volunteer his/her help to the students. The researchers,
thus, served a crucial role as mediators between their scientific investigations, conducted and pu-
blished in academic contexts, and the students” writing of novice popular science articles within
the framework of the natural science discourse. In this respect, project time at the T-unit with its
bridging of in and out of school activities became a zone of proximal development where the stu-
dents, under proper guidance, were able to engage in cumulative knowledge-building. However,
the findings also show that some of the students (Group C texts) are in need of further guided in-
struction in how to organize effective texts for knowledge-building. The findings also illustrate
the important role that the integration of verbal text and visual elements played in some of the arti-
cles, and how it greatly contributed to enhanced knowledge. An important task for future research
is to examine further how students can use various semiotic resources (such as sound, video and
image) as tools for the enhancement of effective learning processes in educational settings.
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