Andersen, M. F.,, and Munksby, N. (2018). Didactical Design Principles to Apply When
Introducing Student-generated Digital Multimodal Representations in the Science
Classroom. Designs for Learning, 10(1),112-122. DOI: https://doi.org/10.16993/df1.100

DFL

RESEARCH
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This project studies designs for learning in the multimodal science classroom in primary and lower-
secondary schools in Denmark. The aim of the study is to work with teachers to develop a start-up
didactic design that raises student awareness of the affordances provided by different representational
modes and thus enhances student production of digital multimodal representations as an expression of
learning and science culture. The project takes a design-based research (DBR) approach and uses a social-
semiotic theoretical framework. Research in using representations for teaching and learning in science
reveals that students’ potential for learning concepts can be strengthened through the transformation
of representations and the production of multimodal representations. The first design principle is to
organize activities and dialogues among the students that will enhance awareness of the affordances
provided by the different modes of representations. The second design principle is that students, through
their own thorough practical experiments and dialogues, learn to use representations that show data.
The third design principle is that students produce digital multimodal representations as expressions of
their learning and reflect on and evaluate these on the basis of known assessment criteria for multimodal
representations in science.

Keywords: Science education and learning; Multimodal representations; Student-generated digital
representations; Writing to learn; Didactical design

Introduction

In Denmark, primary and lower-secondary schools are
generally focusing a great deal of attention on integrating
digital technologies in their teaching. One feature of such
new technologies is that they enable the creation of digital
representations. As such, the current digitization in pro-
gress at these schools is allowing teachers to present their
material in new ways and, similarly, students to produce
new representations of academic concepts and contexts.
In science teaching, however, the use of such technologies
remains limited, as a gap currently exists between teach-
ers' understanding of how school students learn sci-
ence and the digital options that teachers have and are
expected to use in their teaching (Sendergaard & Hasse,
2012). What is more, according to an Australian study, sci-
ence teachers tend to choose representational modalities
primarily with a view to accommodating their students’
differing learning styles rather than as a way of conveying
science content in itself (Prain & Waldrip, 2006). Striving
to close the gap between the ways students learn science
and the digital options available for them to produce digi-
tal multimodal representations, this study proposes three
initial design principles for teachers to apply.
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As a field of discourse, science relies on a mix of mul-
timodal forms of representation (Tytler et al., 2007). For
example, scientific concepts are represented through
verbal language, formulae, models, graphs, diagrams
and other visual representations (Prain & Waldrip, 2006).
One can therefore argue that working with multimodal
representations in science classes plays an essential role
in involving students in scientific culture, and that such
representations are thus an especially apt way of working
with the subject itself (Murcia, 2010).

Over the past fifteen years the research on student
engagement with representational modes and on the
development of representational competencies has pri-
marily been conducted from three perspectives. The first
perspective involves a research interest in analysing and
clarifying what parameters might affect students’ learning
when they interact with the various representations used
in science subjects, as well as in how the fact that the vast
majority of these representations are digital might impact
their learning (Waldrip & Prain, 2012). The second per-
spective, which has mostly been studied in tertiary level
education, focuses on discipline knowledge and its repre-
sentation. For example, researchers have studied the disci-
pline-related affordances of representations, the role such
affordances play in the representation of discipline knowl-
edge and the pedagogical affordances of representations,
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as well as explored the role these affordances play in the
teaching and learning of discipline knowledge (Airey &
Linder, 2017). The third perspective has focused on stu-
dent-generated representations as a means of increasing
scientific literacy, as there is a distinction between learn-
ing from representations and learning with them.

These three research perspectives are interrelated, as
students’ scientific literacy depends on their ability both
to analyse and conceptualize scientific representations
and to produce such representations themselves (Waldrip,
& Prain, 2012). However, less research has been done from
the third perspective concerning student-generated rep-
resentations (Waldrip & Prain, 2012), even though the
possibilities of student-generated digital representations
continue to grow in step with ever-developing digital
technologies. For this reason, research concerning stu-
dent engagement with and production of representations
in science subjects is a rapidly expanding field of science
education research — especially as regards digital rep-
resentations and their potential. As Murci (2010) put it:
“greater understanding of the impact of digital tools on
learning and teaching is required as they have the poten-
tial to change the way knowledge is represented and
re-represented.”

Research also offers a basis for considering a multi-
modal avenue that embraces digital technologies as hold-
ing a learning potential for students: “This exponential
growth in personal digital technologies coincides with
a growing body of research which suggests that getting
students to create a multimodal representation of a sci-
ence concept is a good way to enhance learning” (Hoban
& Nielsen, 2010). As such, the literature on multimodal
representations becomes a useful lens through which to
examine how digital representations born of the growing
prevalence of digital technologies can work to support
learning. This line of research could provide guidelines
for designing such teaching at the macro level, but a
framework to describe learner-constructed representa-
tions as a way of meaning-making in science has yet to
be fully developed (Tippett, 2016). According to Tippett
(2016), more research is required into how students con-
struct representations in a variety of contexts and what
is possible in real-life learning environments. Thus, many
questions remain unanswered at the micro-level (Prain &
Hand, 2016). Consequently, this research project aimed
to team up with teachers to develop designs for learning
that raise student awareness of the various affordances
provided by different representations in general but that
also specifically support students in generating digital
representations of scientific content as an expression of
their learning and of science culture. The didactic design
developed for this project is informed by existing research
and has been further developed in the context of concrete
practices, for which reason this article is intended to dis-
cuss the potentials and challenges experienced with rela-
tion to implementing this design.

Theoretical framework

The theoretical framework of this study is a social-
semiotic view of representation and learning. In terms of
learning theory, social semiotics sees learning as ‘a sign-
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generating activity” of meaning-making that takes place
within the framework of a didactic design (Kress & Van
Leeuwen 2006). Representation can be defined as a type
of information obtained through the conceptualization or
visualization of an item in a certain mode. In science, rep-
resentations are integral to its language (Tang et al., 2014)
and are thus devices used to symbolize a scientific idea or
concept. These representations have an array of modali-
ties, for example, taking the form of text, a mathematical
formula, a diagram, a graph or a simulation (Lemke 1990),
and multimodal representations thus involve integrating
more than one of these modalities in order to commu-
nicate a given idea or concept (Airey & Linder 2009). In
social-semiotic thinking, a representation of any form of
meaning is criteria-based (Kress & Van Leeuwen 2006).
Consequently, a number of “authorized” representations
have been developed for communication (and thus learn-
ing) in the individual science disciplines, as students need
to understand the modal representations of scientific con-
cepts and be able to transfer them in order to think and
behave scientifically. According to Jens Dolin (2005):

“Mastering a subject area requires the ability to
express it in all its representational forms and to
switch freely between them — this is a great demand
to put on students and something only learned if it
is the explicit objective of the teaching.”

In other words, to conceptualize scientific concepts or con-
tent, one has to have a solid understanding of the semiotic
systems used to perform and transform science (Lemke,
1998). Thus, science teaching must focus on developing
students’ representational competencies. According to
diSessa (2004) and Kozma and Russel (2005), learners
have representational competency when they understand
the appropriate types and uses of multiple modes of rep-
resentations, the transformation or transduction between
representations and the creation of new representations.

For this study, Vaughan Prain’'s and Bruce Waldrip's
comprehensive work in the field of scientific representa-
tion has informed our work (Prain & Waldrip, 2012). In
essence, they argue that students’ transformations and
transductions across different representations as well as
their construction of multimodal representations can give
them a deeper understanding of scientific concepts and
contexts. Furthermore, student work with multimodal
representations in science learning can be considered
as an expanded writing-to-learn activity, (Wallace et al.,
2004). Writing allows students to formulate meaning and
re-represent science-based ideas, and since multimodal
representation is an integrated part of science, science
teaching can include multimodal representation in its
writing-to-learn activities. What is more the re-represen-
tations produced by students also give the teacher insight
into their understanding of the content.

According to Prain and Tytler (2012), representational
construction affordances (RCA) can be used to explain
how work with representations strengthens learning.
The RCA model that focuses on learning with represen-
tations includes three dimensions of meaning-making.
These are:
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- knowing about the functions of various symbolic rep-
resentations,

- knowing when and how to use a range of symbolic
representations that are specific to science,

- understanding that knowing and reasoning can be
enhanced by the construction and interpretation of
representations.

This is in line with Hubber et al. (2010), who emphasize
that representations must be introduced and used as
thinking tools and not merely as self-contained units to be
learned. The work with representations must be continu-
ally coupled to practical activities and objects, and suffi-
cient class time must be allocated to exploring the explicit
meaning of the various representations. This coupling of
practical work and the specific modes of representation in
science has been a source of influence for this study.

Carolan et al., (2008) have developed another framework
related to classroom use of representations — the Identify-
Focus-Sequence-Ongoing Assessment (IF-SO). According
to this framework, the teacher must identify key concepts
in the planning phase and focus on the form and func-
tion of relevant representations in the teaching phase.
Through a sequence of activities, students must work to
represent the concepts presented, refine their own repre-
sentations and evaluate these themselves. This process of
identifying key concepts and associated representations
and students’ work of re-representing and evaluating their
own representations have also inspired this study.

In Hand, MacDermott and Prain (2016), contributors
agree that students learn multimodal representation
by participating in guided meaning-making practices.
Learning increases when students:

- are motivated to represent and justify causal claims
about topics;

- have multiple opportunities to re-represent, translate,
justify and refine understandings through processes
of experimentation, collaborative peer learning, con-
sultation and teacher-guided consensus around rep-
resentational adequacy;

- come to understand the form and function of differ-
ent visual, verbal and mathematical scientific repre-
sentations; and

- can integrate these modes to interpret and create con-
vincing textual claims in the subject of science.

Science education researchers have classified representa-
tions in a wide array of ways, (Gunel & Yesildag-Hasancebi,
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2016), with Wu and Puntambekar’s (2012) classification
demonstrating the true breadth of external represen-
tations in science, as they distinguish between verbal-
textual, symbolic-mathematical, visual-graphical and
actional-operational. These are the categories used in this
study.

Methods

This research project is a qualitative study that takes a
design-based approach, as the project both tries to under-
stand and improve practice. The following describes the
research phases, the timescale, participants, data sources,
procedure and data analysis.

The study was conducted in four phases. In the first
phase the researchers identified problems posed by the
existing research as well as some problems occurring in
current practice, for example, that school science teachers
appear to have very limited awareness of representational
modes. This brought us to the following research ques-
tion: How can designs for learning in science teaching be
constructed to help students become more aware of the con-
ceptual affordances inherent in representational modes by
generating digital representations as an expression of learn-
ing and science culture.

In phase two, researchers involved the participating
teachers in validating the problems identified and devel-
oped proposals for solutions based on the theoretical
framework. The designs for learning proposed in this
study thus partly build on existing research on represen-
tations in science education, but also on ideas that came
up in the joint work of the researchers and teachers to
create a design for learning. In phase three, the design was
tested and re-tested in practice in three iterations, and the
researchers observed the associated teaching sessions in
order to determine the viability of the design. The design
principles were applied in all three iterations, but gradu-
ally modified based on the results from the previous itera-
tion. In the fourth phase, the researchers reflected on the
robustness of the empirically founded design principles in
terms of their ability to transcend the local context.

The overall research period ran from 2014-2016/17 and
involved teachers and students from two different schools
in Copenhagen, Denmark, Table 1.

School and teachers

The study was conducted in two different schools in
Copenhagen, Denmark, with students from similar socio-
economic backgrounds. Three biology teachers were
selected based on their willingness to participate in the

Table 1: Overview of numbers of participants, grades, schools, teachers and science subjects.

School Number of Grade Teachers Subject and period
students (n) involved
Trial (2015)  School 1T N=60 8th 2 Microbiology
6 weeks
Trial (2016)  School2  N=27 7th 1 Photosynthesis and respiration
6 weeks
Trial (2016)  School2 N =26 7th 1 (same as Photosynthesis and respiration

second trial) 6 weeks
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project. The first iteration of the design involved two
biology teachers at the first school, whereas the second
and third iterations were conducted with a single biology
teacher at the second school. All three teachers had four to
five years' experience teaching science subjects. However,
none had any specific previous experience with teaching
about digital multimodal representations in biology.

Students

Sixty eighth-grade students participated in the first itera-
tion of the design, 27 seventh-grade students in the sec-
ond iteration, and 26 seventh-grade students in the third.
In Denmark students start having biology from the begin-
ning of the seventh grade. The average age of the students
was 14-15.

Biology courses

The first iteration was tested at the first school during a
biology course based on a previous unit concerning pro-
tein synthesis and basic genetics. This led to another course
on microbiology, which entailed some related laboratory
work during which students studied microbial growth and
hygiene and designed their own experiments. The students
used various digital products to represent their results and
the process leading to them, and were also tasked with jus-
tifying their choices of representational forms. The transi-
tion between the two courses as well as the subsequent
practical laboratory work and generation of digital mul-
timodal products was planned in collaboration between
teachers and researchers and followed preliminary design
principles inspired by the theoretical framework. The sec-
ond and third iterations focused on basic concepts of pho-
tosynthesis and respiration, including a micro-container
experiment and graphing as well as the photographing
of chloroplasts and stomata openings on plant leaves by
means of microscopes and mobile-phone cameras. The
setup was planned in collaboration between the teacher
and the researchers and based on the experience gained
from the previous iterations. Thus, the content of all three
iterations was based on the already planned curriculum,
while the actual design and implementation took place in
dialogue between teachers and researchers.

Data collection

For this study, data were collected during classroom
observations and subsequent interviews with students
and teachers. The researchers were participant observ-
ers throughout the research period, which amounted
to a total of 64 hours divided over 16 days. The classes
were video recorded, and individual students were audio-
recorded during classwork as a basis for subsequent analy-
sis. After each iteration, students’ digital multimodal rep-
resentations were collected for analysis.

The following data were used:

- Field notes were made for every single classroom visit.
These included descriptive notes about the activities
in the classroom and reflective notes about the design
and special contextual factors. Video recordings and
sound recordings were used as backup and to further
elaborate field notes.
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- Formal and informal interviews were conducted with
students and teachers. After each teaching session,
the researchers interviewed the teachers about the
design’s viability and legitimacy. After the completion
of the education process, eight students from each
of the three classes were interviewed. These 24 inter-
views followed predesigned protocols and were based
on artefacts used in teaching as well as the specific
representations that the students had engaged with.

- Student products and student digital multimodal rep-
resentations were collected.

Data analysis
Data analysis focused on the correlation between contex-
tual factors and the use of the concrete design. During the
three iterations, the analysis aimed to generate knowl-
edge that could help reduce the variations between the
intended, implemented and realized design. Therefore,
the design was tested in practice in every iteration, then
evaluated, analysed and redesigned. This enabled us to see
what did and did not work, what could be improved and
whether the design could be applied in other contexts.
The interviews with the students were transcribed and
coded in relation to their understanding of the scientific
concepts they had encountered, their awareness of the
affordances of the different representations and their reflec-
tions on the use of digital multimodal representations.
Ultimately, the students’ digital products were analysed
and evaluated with regard to the efficacy of the design.
This analysis was based on diSessa’s assessment criteria for
representations in science: adequacy, relevance, compre-
hensibility, clear connection between the various compo-
nents of the representations and link to overall concepts
and accepted convention (diSessa, 2004).

Results and discussion
The findings of this study are three design principles that
appear to enhance student awareness of the affordances
of different representations. The design principles are
aimed to apply beyond the local context of this study as
a part of a natural science culture. The study additionally
uncovered some challenges associated with the design
principles, which will also be discussed.

The three overall design principles are shown in
Figure 1 below. The next sections describe how the

Introduction to representational forms
that are contextualized regarding topic:
Introductory meta-exercise

Practical and scaffolded work including
students reflections on which
representational forms to include

Digital multimodal product and
presentation of results regarding the

topic at hand

Figure 1: Design principles.
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design principles were tested and modified through the
three iterations, and the design principles are discussed in
relation to the theoretical framework.

First design principle

The first design principle is to organize student activi-
ties and dialogues that will enhance awareness of the
affordances provided by the different forms of representa-
tions. Thus, the first activity conducted focused on what
the different forms of representation have to offer.

For all the iterations, various representational forms
regarding the given topic were distributed to groups
of students. In the part of the first iteration concerning
protein synthesis the representational forms were a text,
a visual representation and an animation about protein
synthesis. During this teaching session, the class was
divided into eight groups, with each group being given
only one specific representational form. Representatives
from the individual groups then met with representa-
tives from the other groups and collectively attempted to
describe how their representational mode contributed to
their understanding of the biological process and made an
effort to combine all the representations into a coherent
hole. This resembles the critical constellations approach
suggested by Airey and Linder (2009). At the end of this
activity, all participants in the session followed up with a
plenary meta-discussion about the affordances inherent
in the various representations, with the students’ personal
reflections and recognitions forming the basis for the talk.

The result of this initial exercise is supported by data
from the first iteration, where the subject on which this
activity was based was protein synthesis. In the collective
dialogue, students commented on and compared the pos-
sibilities and limitations of the various representations as
follows:

If you had the video, it might be a little hard to see
why something really is happening, but you just
see that something happens in the video. But if you
have this text, it may be that it justifies some of the
differences...

The text can describe things specifically and give
details, provide some academic concepts, describe
precisely what happens.

However, a student also said:

It was a little difficult to understand everything
that was written, because sometimes it can be dif-
ficult to visualize ... That's maybe the disadvantage
of the text.

With regard to the visual representations, the students
expressed the following sentiments, among others:

Illustrations can do things with colours, sequences
and what is highlighted and stuff like that.

The disadvantage is that if | hadn't known it was
about protein synthesis, I wouldn't have known
what it depicted other than something about
DNA."
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As for the animations, the students noted, for instance:

The animation is easy to understand; it showed
exactly what was happening and when.

However, another student said:

The animation is good if you are very visual, that
is, if you need to see the things visually ... I think
the animation really needed some text, because
if it hadn't said that the ‘Pac-Man’ there was an
enzyme, [ certainly wouldn't have grasped that that
was what was happening.

In the subsequent plenary discussion, the students and
teachers concluded that it was precisely the combination
of the various representational modes and their respective
affordances that generated a true understanding of the
academic topic — protein synthesis — in the best possible
way. To a high degree, the exercise proved to heighten the
students’ awareness of the affordances provided by the
individual representational modes. Moreover, each repre-
sentation was categorized and the affordances were dis-
cussed on the basis of our classroom observations as well
as our individual interviews with students. Here we were
interested in how the discussion itself could raise aware-
ness of the affordance of each representation. However,
some of the students experienced this activity conducted
under the first design principle as rather complex, and
despite gaining a greater understanding of the differences
between the affordances of the chosen representations,
the students had a less firm grasp of the scientific content.
Furthermore, the activity connected with the microbiol-
ogy unit failed to guide the students into the new content
area, and they paid only limited attention to the complex-
ity of each representation in their final products.

Since the above-described activity helped to sharpen
the students’ awareness of the affordances of the various
forms of representations, the activity remained part of the
design for the second and third iterations, where the sci-
entific content was photosynthesis — the topic on which
the representations presented in the introductory activity
were based. At the same time, however, a greater focus
was put on mathematical representations since these
were absent during the first iteration. Thus, the activity of
building understanding from multiple forms of represen-
tation gave students an understanding of the affordances
of the various modalities, but proved a difficult way into
the scientific content.

Second design principle
The second design principle consolidated through the
study is that students learn to use representations that
show data for meaning making, such as graphs and charts,
through their own thorough practical exercises and dia-
logues. This activity was included in all three iterations,
although with an increasing focus on scaffolding the stu-
dents’ practical work and their choices of representations.
The analysis of the student products from the first itera-
tion working with microbiology revealed that the stu-
dents almost exclusively used visual representations, text



Andersen and Munksby: Didactical Design Principles to Apply When Introducing Student-generated

Digital Multimodal Representations in the Science Classroom

and film clips in their digital representations. Only a single
group out of 14 used a chart to document their work, see
Figure 2.

Although using schemes and diagrams to represent
data from practical work might seem obvious, only a sin-
gle group did this. Typical scientific representations like
graphs and charts were thus absent and therefore not
among the students’ representational competencies. This
could be because graphs and charts were not included in
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the introductory activity of the first iteration, so the stu-
dents did not have these representations fresh in their
memories and had not explicitly expressed their personal
strengths and weaknesses. Consequently, a graph was
included in the initial activity of the second and third
iterations. During these iterations, students measured
carbon-dioxide levels produced and absorbed by a plant
in a closed container exposed to various light intensities,
and then used the measured data to produce their own

Bakterier

En bakterie bestédr af en enkelt celle.
Bakteriecellen er meget lille sammenlignet

med en planter- og dyreceller, og kan ikke ses
med det blotte oje. Bakterierne kan dele sig hele
tiden, til man kan se det med det blotte gje.
Bakterier, der kan ses med det blotte gje kaldes
en bakteriekoloni. Bakterier findes alle vegne-
de lever pa huden, ijorden og i radioaktivt
affald. Det siges at bakterier var det forste pa
vores klode. Den dag i dag er faktisk over
halvdelen af alt levende her pd jorden bakterier.
Bakterier er ogsd specialiserede til at leve et
hazarderet liv, altsé et liv med meget sveere kér.
Andre bakterier kan leve af sollys eller af
kemiske stoffer. Det fleste bakterier er
nedbrydere, de ader f.eks. dode organismer,
visne blade og kolort. Nogle bakterier nojes
med angribe dbne sdr eller andre steder pa
kroppen. Mange farlige sygedomme skyldes af
bakterier f.eks. kendte sygedomme tuberkulose,
klamydia og spedalskhed. Vi mennesker har
altid haft en opfattelse af, at ndr man gér i bad
eller vasker heender bliver man ren, men det er
faktisk ikke helt rigtigt. For nar man vasker
heender, renser man kun bakteriens
affaldsstoffer dvs. ikke selve bakterien, og
derfor bliver vi faktisk ikke renere af at vaske
sig- man bliver i hvertfald ikke mindre

bakteriefyldt

Resultat

vi havde ret i vores hypotese.

De skjulte bakterier

Formal

Der skulle underseges hvilke og hvor mange bakterier, som
forekommer pé iPads, og hvilke og hvormange, der
forekommer pa haender. Derefter vil det kunne sammenlignes
om det er de samme bakterier, som forekommer. Vi vil ogsa
kunne sammenligne om det er de samme bakterier, som er pa
vores iPads, som der er pa vores haender, da det jo er vores
heander, der rerer ved iPadsene.

Hypotese

Vi tror at der vil vaere en stor forekomst af bakterier bade pa
vores haender og iPads. Dog tror vi at der vil veere flest
bakterier p vores haender, da vores haender er beraring med
rigtig mange bakterie fyldte bakterier i lebet af dagen. Nar
der vaskes hander forekommer der jo ogsa flere bakterier,
end for haenderne var vasket, men affaldsstoffer fra
bakterierne bliver fiernet. Derfor tror vi at der vil veere den
storste veekst af bakterier pa forsegene med vores haender.

Fremgangsmaden

Bordet gores rent, sd arbejdsomradet er sterilt, at arbejde i.

Substratet var blevet varmet op, s& det var flydende og klart til brug,.

Der teendes for bunsenbraenderen, som skulle vaere en komponent til

at holde substratvaesken steril. Der foreberedes fem petriskale til

henholdvis to forskellige iPads, to forskellige haender og en kontrol.
Kontrollen er en skél, som der ikke gares noget ved, s& man kan

sammenligne bakterierne, med naturligt forekommende bakterier. Der haeldes flydende substrat i alle fem petriskile.
Derefter keres en vatpind henover overfladen af iPaden, for at kunne samle bakterierne, hvorefter vatpinden keres over
substratet, og lukkes. Det samme gares med hander, der presser vi dog derimod haenderne direkte ned i substratet. Alle
petriskdlene lukkes og forsegles, si andrebakterier ikke forekommer.

Vi kom frem til at der var flere bakterier pa vores haender end der var pd vores iPads, grunden til at der er

flere bakterier pa vores haender kan vere fordi at det er vores haender som overferer bakterier til iPaden ved
beraring. En anden grund kan veere at der vokser flere bakterier frem nr man vasker haender, fordi at det er
bakteriernes affaldstoffer som bliver fiernet, og ikke selve bakterierne der fjernes ved vask af haender. Derfor
kan vi altsd sammenkoble vores teori om er at nar man vasker heender, forekommer der flere bakterier, altsa

/

Antal bakteriekolonier pa handen: 11
Antal bakteriekolonier pa iPaden: 3

@® hand @ iPad

Figure 2: Students’ multimodal digital product from the first iteration, which employed various modes, including a pie

chart to illustrate the distribution of bacteria on a hand and on the surface of an iPad.
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representations of the data. However, only one group
included a graph among other representations in the
second iteration as shown in Figure 3, while the other 6
groups only used, verbal, text and a few pictures to sup-
port their work.

The graphs show how exposure to high light intensities
lowers the carbon-dioxide content and increases the oxy-
gen content of the container due to the photosynthetic
activity of the plant.

Because only one group in the second iteration had
included a graph, the work with the graph was scaffolded
to a greater extent in the third iteration. In the initial
dialogue about the affordance of the graph, clear paral-
lels were drawn to students’ knowledge of graphs from
their maths instruction. During these plenum discussions,
students were able to explain what a graph was and to
state, e.g.:

A graph can show how things develop over time.

However, they found it difficult to transfer this knowledge
from maths and use it in the field of science, for which
reason the teacher was in close dialogue with the students
during the practical work. Nevertheless, only two groups
out of eight used the graph as a digital representation in
their digital representation in the third iteration.

During the interviews after each iteration, students
clearly stated that it was difficult to comprehend and use
the graphs in their final digital representations. All the dif-
ferent representations were available for the students to
look at during the interviews, and they were challenged to
explain the meaning of each representation in a sequence
of their choice. They tended to choose the least com-
plex representations first, i.e., those that were relatively
concrete, like the visual representation, and only when
encouraged did they make an effort to explain the more
abstract ones, such as the formula and the graph. Only
one student pointed at the graph and explained:
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Initially, it increases [the carbon-dioxide level], so
the plants are doing more respiration than pho-
tosynthesis, then it begins to decrease rapidly,
because, it takes it in, and then begins to produce
more oxygen.

In summary, it requires very close scaffolding and repeti-
tive exercises for students to learn to represent data from
practical research in science by using representations like
graphs and charts. This confirms the findings of Airey and
Linder (2009), who have described how students need to
first become fluent in using each of the representations of
a critical constellation before they can represent scientific
meanings across a suitable range of modes.

Third design principle

The third design principle is that students produce digi-
tal multimodal representations as expressions of their
learning and provide reasoning for and evaluate such
representations by using known assessment criteria for
multimodal representations in science. Thus, after prepar-
ing the digital multimodal representations, the students
presented their products to each other and reflected on
their choices of representations. During the first itera-
tion, students’ considerations about and reasons for their
choices were very sparse. In the second iteration, the stu-
dents became more aware of the different representations
used in science, as they were presented with di Sessa’s
assessment criteria for scientific representations before
beginning to develop their own digital multimodal rep-
resentations. These criteria, which include adequacy, rel-
evance, comprehensibility, clear connection between the
various components of the representations and a link to
overall concepts and accepted convention, were carefully
described to the students and exemplified. The criteria
have since functioned as analysis parameters for assessing
students’ digital multimodal representations as expres-
sions of learning and thus for determining the validity
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Figure 3: Graph from one of the multimodal digital products generated by students during the second iteration and illus-
trating the CO, concentrations over time in a closed container containing a plant exposed to varying light intensities.
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of the design. Moreover, the students subsequently used
the assessment criteria as a basis for feedback and self-
assessment in relation to their products. This led to a few
more explicit considerations, but the reflections remained
consistently quite limited.

Based on the results from the second iteration, a story-
board was developed to increase the scaffolding for the
students and to enable the students to plan their digital
multimodal representations and then reflect on and jus-
tify their choice of representations, see Figure 4 below.

The results described below refer to students’ digital
multimodal representations from the third iteration,
which include eight products, all of which are screen
recordings. In terms of diSessa’s first assessment criterion,
“adequacy”, overall students’ digital multimodal represen-
tations show a sufficient understanding of the basic con-
cepts of photosynthesis and, to some extent, respiration
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when compared to curriculum goals; see Figure 5. Thus,
the students’ expression of learning legitimizes the
design, and is also triangulated by the subsequent student
interviews, where the majority of the students were able
to account for the processes taking place by using the
concepts at a reasonable level. The student interviews also
revealed that the students themselves had learned from
the representations:

I feel like you're getting a better understanding of
what happened during respiration and photosyn-
thesis than if you only read about it. When you had
to explain yourself with a project.

The content of students’ digital multimodal represen-
tations is generally relevant, and most of it is explained
and represented comprehensively, as can be seen in the

Storyboard for making a screencast:
Requirements and plans for digital product on photosynthesis and respiration

1. At a minimum, the following terms must be displayed and explained in the product:
Photosynthesis, respiration, organic matter, carbon dioxide, glucose, root, stem,
leaves, green grain, slit opening, oxygen, water.

- Start refreshing your understanding of what the concepts mean. Consider which
concepts are closely related and can then be explained in the appropriate context.

2. Discuss how the different concepts can be represented and explained by means of the
relevant representational modes.

- Consider the affordances in using visual representations and how fo attain them. Take,
for example, photos, drawings, models. Visual representations are good at showing
shape, size and context, which are difficult to explain with words alone. Simple
illustrations are often very effective because they only show the most important aspects.

- Consider the affordances of using animation or a movie clip if you can get them.
Animation is a film technique where series of pictures are linked. It is a good way of
communicating processes. The best animations are simple and not too fast. Otherwise,
they are difficult for the viewer to follow.

- Consider whether there should be a graph or chart.

- Consider whether to include text.

3. Discuss the order in which the various representations should come. Make a sketch of
the different screens in the fields on the back of this paper.

4. Discuss your idea with a teacher before moving on.

5. You must write a speech that explains the concepts and contexts that you see in each
screen. You may not copy text from the web. Make sure everything is well connected.

6. Show your presentation to a teacher and get it approved before moving on.

7. Consider whether you have enough to show and explain photosynthesis and respiration.
Is your presentation relevant and understandable? In the form, explain why you have
chosen fto do this in this way.

8. Make your screencast on the computer.

9. Remember to account for the following criteria when choosing specific representations:
adequacy,
relevance,
comprehensibility,
clear connection between the various components of the representations and
link to overall concepts and accepted convention

Figure 4: Storyboard provided to the students to increase scaffolding in their process of making a digital multimodal
representation.
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“A plant can survive in a
closed container if there is
sunlight. How is this

the day. And only respiration at night.

“It can do so by means of photosynthesis and respiration during

Photosynthesis works by the uptake of water through the root. [A

“Photosynthesis takes place in the
chloroplasts, which make the leaves green.
Therefore, it is in the green parts of the

Fotosyntesen

+ 6C0, + 6 H,0 shysenergi C.H,,0, + 60,

of respiration
600, +6H,0 renergi

+

* G0, +60,

possible?” red line is drawn from the passage of water from the ground and plant that photosynthesis takes place.
through the plant], which passes through the stem and up to the [Mark with red a collection of
leaf that has absorbed carbon dioxide from the atmosphere [a red | chloroplasts].
circle is drawn around the sun]. And as the plant is of organic matter, it,
And using light energy from the sun turns it into glucose and like all other living organisms, needs
oxygen. [Marks with red reactants and products linked to energy. It forganic matter] can acquire
photosynthesis]. itself and it can build up new organic
The glucose can be used in two ways. Either as energy or matter.”
building blocks. Oxygen is secreted as a waste material through
the stoma. The respiration works in such a way that the plant
uses the oxygen and glucose to form carbon dioxide, water and
energy. Energy is the plant's main survival opportunity.”

D E

“Photosynthesis. 6 CO: plus
6 H,O plus light energy
gives CeH 1205 plus 6 O:.
That is, the CO> and the
water and energy, produce
glucose and oxygen.

Respiration: CgH ;04 plus 6
O, gives 6 CO, plus 6 H,O
plus energy. That is, glucose
and oxygen becomes CO;,
water and energy.” [Mark
with red for each equation
being reviewed].

“Therefore, if you measure a plant in a closed container and the
CO; concentration, you can see that it fluctuates a lot.
Photosynthesis and respiration are thereby proven and are taking
place because they affect the CO; concentration.”

[Indicates in the figure the trend in CO> concentration.]

“The stoma are under the blade and are
where oxygen is excreted. And CO; is
being absorbed. They act like a kind of
door that controls which substances may
come in and oul.”

Figure 5: An example of a student screencast about photosynthesis and respiration. Here reproduced with screen

dumps and transcriptions of the associated speech.

example below, where students use relevant representa-
tions, such as photos, a model, a formula and a graph. The
students explain the content with relevant concepts.

In summary, on the basis of the assessment of digital
multimodal representations and of the student interviews,
it was determined that the students received a reasonable
academic benefit with regard to the photosynthesis and
respiration requirements set out in their curriculum and
to their ability to correctly use the concepts.

As regards the students’ representational competency,
all groups had a clear connection between their speech
and other representations in their screencasts. In the
above example the students make red marks during the
relevant parts of the speech in reference to the screencast.

However, the logical coherence when it came to how the
students ordered the screencast representations varied,
as did the cohesion of the the overall concepts of photo-
synthesis and respiration presented. In the above exam-
ple, the students succeed in creating an overall coherent
whole by asking an initial question that they then tried to
explain and answer during the screencast. From 5 B-5 D
the students provide a coherent speech based on the pho-
tosynthesis and respiration content. However, the picture
in 5 F is out of place, as the uptake and excretion of CO,
and O, take place in figure 5 B. The cohesion from 5D to 5
E is supported by the use the word “therefore”.

Apart from a single group, all students worked within
accepted conventions with authorized models and
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concepts in their digital multimodal representations as
expressions of science content. When presenting the mul-
timodal digital products in the third iteration, the students
were able to justify their choices of digital multimodal
representations. Their reasoning concerned not only their
choices of representations but also how they were medi-
ated. Representation relates to the sign-maker's intention,
but communication concerns the sign recipient's interest.
Despite focusing on the representation of content during
the course, many students also motivated their choices
with reference to the recipients. For example, recipients
find visual representations easier to understand.

The fact that the students had few reflections on their
choice of representations could also be interpreted as
indicating that they were experiencing a cognitive over-
load. Photosynthesis and respiration as content are diffi-
cult and abstract in themselves, which perhaps also made
it more difficult to meta-communicate about representa-
tions. The subsequent student interviews conducted two
months after the third iteration substantiate the difficulty
of reflecting on different representations. However, some
students did become aware of representations:

So, I think that when you work with these different
representations, you begin to think more about
what they could do, these forms of representation,
why we should choose this one specifically... it's so
much about what it can do.

In summary, when one analyses how correctly students
use concepts in their digital multimodal products, as well
as the meaning they make of them, the activity of pro-
ducing digital multimodal re-representation related to
biological processes and concepts appears to strengthen
the students’ learning. In addition, highlighting specific
assessment criteria and exemplifying them helped stu-
dents to understand and complete their work. The com-
munication perspective must also be taken into account
when one assesses student reflections on their choice of
representation. Finally, representational competency is
not achieved during six weeks.

Conclusion
Research in using representations for teaching and
learning in science reveals that transforming represen-
tations and producing multimodal representations can
strengthen students’ potential for learning concepts.
Digital media provide new and easily accessible options
for re-representing content. However, work with such
media is only sporadic in Danish primary and lower-sec-
ondary schools. Against this background this study has
sought to develop a didactic design that can introduce
and start to increase students’ awareness of the concep-
tual affordances provided by representations and thus
enhance their production of digital multimodal represen-
tations as an expression of learning.

Throughout the project, a sketch for such a didactic
design was tested in three iterations and further devel-
oped into three design principles:
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- The first design principle is to organize activities
and dialogues among the students that will enhance
awareness of the affordances provided by the differ-
ent modes of representations.

- The second design principle consolidated through the
study is that students, through their own thorough
practical exercises and dialogues, learn to use repre-
sentations that show data, e.g. graphs and charts.

- The third design principle is that students produce
digital multimodal representations as expressions of
their learning and reflect on and evaluate these on
the basis of known assessment criteria for multimodal
representations in science.

Regardless of context, the initial activity strengthened the
students’ awareness of the affordances of representations.
However, the activity constituted an abstract approach
to the content, for which reason more easily accessible
content should be considered as an alternative when the
design is tested in new contexts. The design could also
facilitate the students in acquiring scientific knowledge,
while also enabling them to meta-reflect on representa-
tions. Students that are not used to representing data
from their own practical work need thorough scaffolding
and gradual training in working with representations like
graphs and charts.

The study has provided three design principles for
introducing multimodal representation as part of science
culture. However, for students to develop their represen-
tational competency, they must work continuously with
representations in science. To this end, repetition can
serve as a means of developing both fluency in the indi-
vidual representations and in transforming and transduct-
ing information between representations (Airey & Linder
2009, 2017).
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