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Questions as indicators of ocean literacy: students’ online
asynchronous discussion with a marine scientist
Géraldine Fauville

Department of Education, Communication and Learning, University of Gothenburg, Gothenburg, Sweden

ABSTRACT
In this article, 61 high-school students learned about ocean
acidification through a virtual laboratory followed by a virtual
lecture and an asynchronous discussion with a marine scientist on
an online platform: VoiceThread. This study focuses on the
students’ development of ocean literacy when prompted to ask
questions to the scientist. The students’ questions were
thematically analysed to assess (1) the kind of reasoning that can
be discerned as premises of the students’ questions and (2) what
possibilities for enhancing ocean literacy emerge in this
instructional activity. The results show how interacting with a
scientist gives the students an entry point to the world of natural
sciences with its complexity, uncertainty and choices that go
beyond the idealised form in which natural sciences often are
presented in school. This activity offers an affordable way of
bringing marine science to school by providing extensive
expertise from a marine scientist. Students get a chance to
mobilise their pre-existing knowledge in the field of marine
science. The holistic expertise of the marine scientist allows
students to explore and reason around a very wide range of ideas
and aspect of natural sciences that goes beyond the range
offered by the school settings.
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Background

Learning about the ocean

The Ocean, covering more than 70% of our planet, is essential to sustainability of human-
kind by providing economic, social and environmental benefits (e.g. food, jobs, medical
compounds and by regulating the climate). Despite its tremendous value, the ocean cur-
rently shows significant signs of change as a result of human activities (e.g. change in
temperature, increased acidity, decreased oxygen level, habitat destruction). By destroying
the ocean – a system, humans are so dependent upon for their survival – our actions are
putting us, along with all the other life forms, at risk.

Many threats to the marine environment are rooted in individual behaviours, and edu-
cation has a crucial role to play in enhancing young people’s awareness of the impact their
behaviours have on the ocean and the ocean’s impact on them (Cava, Schoedinger, Strang,
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& Tuddenham, 2005). Promoting this kind of knowledge and awareness can be referred to
as attempts to increase people’s ocean literacy.

An ocean literate person (1) understands the fundamental concepts about the function-
ing of the ocean, (2) can communicate about the ocean in a meaningful way and (3) is able
to make informed and responsible decisions regarding the ocean and its resources (Cava
et al., 2005, p. 5). In order to be ocean literate, a person needs to be acquainted with knowl-
edge at the crossroads of science and environmental education (Payne & Zimmerman,
2010; Strang, DeCharon, & Schoedinger, 2007). For instance, to be considered ocean lit-
erate, one needs to understand the nature of scientific inquiry (one of the key outcomes of
scientific literacy according to Miller, 1983) in order to be able to evaluate the validity of
the knowledge and claims regarding current threats to the ocean. In order to be willing to
take responsible action towards the ocean, a person needs to have the motive and skills to
cope with the environmental needs (one of the components of environmental literacy
according to the UNESCO/UNEP, 1989). Moreover, the marine environmental issues pre-
suppose that people are able to engage in what in the literature is referred to as systems
thinking in order to comprehend the complexity of marine issues and in order to be
able to reason about how to mitigate threats. As worded by Sterman (1994, p. 291),
systems thinking implies

the ability to see the world as a complex system, in which we understand that ‘you can’t just
do one thing,’ that ‘everything is connected to everything else.’ If people had a holistic world-
view, it is argued, they would then act in consonance with the long-term best interests of the
system as a whole. Indeed, for some, the development of systems thinking is crucial for the
survival of humanity.

Systems thinking is a challenge when it comes to understanding the world, since it requires
the ability to connect a range of separate types of knowledge concerning a system and
understand how they interact with each other (Ben-zvi-Assarf & Orion, 2005a; Hmelo,
Holton, & Kolodner, 2000). As argued by Ben-zvi-Assarf and Orion (2005b, p. 519),
this ‘understanding is actually what science is all about’. In that respect, natural science
education has an essential role to play in supporting students to develop their capacities
for systems thinking. Several scholars have investigated how to promote systems thinking,
for example, by the use of computer-simulated scenario (Evagorou, Korfiatis, Nicolaou, &
Constantinou, 2009; Riess & Mischo, 2010) along with trying to understand how systems
thinking skills develop (Ben-zvi-Assarf & Orion, 2005b).

Ocean acidification (OA) is a good example of a marine environmental issue that
requires systems thinking as it refers to the on-going increase in acidity and perturbation
of the carbonate system in the ocean due to the intake of carbon dioxide (CO2) from the
atmosphere. This change in acidity in the ocean causes complex modifications among the
marine species. All these modifications due to OA and other marine environmental
changes currently threaten the marine environments.

The importance of ocean literacy has been highlighted at the policy level both in the
U.S.A. and in Europe. The U.S. Commission on Ocean Policy (2004) noted that ‘school
curricula, starting in Kindergarten, should expose students to ocean issues, preparing
the next generation of ocean scientists, managers, educators, and leaders through
diverse educational opportunities’ (p. 122). Ten years later, the European Marine Board
(2013) elaborated on the concept of ocean literacy:
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Ocean literacy is also a prerequisite for Europe’s quest for a more marine-oriented society
and economy. In fact, preparing an entire community for a closer relationship with the sea
is rewarding for the marine research community and science policy-makers as a more
informed public will better understand and support investments in ocean science and
be better aware of the need to sustainably manage vitally important marine ecosystems.
(p. 179)

Despite the recognised importance of an ocean literate citizenry, schools often fail to
address marine science, and instead the curricula generally focus on terrestrial natural
science (Gotensparre et al., 2017; Schoedinger, Francesca, & Jewell, 2006). A letter from
the US National Marine Science Educators Association in response to the first draft of
the new science standards in the US (Next Generation Science Standards; NGSS Lead
States, 2013) objects to this lack of marine topics in the curriculum:

the science curriculum presents a strong terrestrial bias that takes the form of referring to
living things as plants and animals, presenting plants as the only photosynthetic organisms
on Earth, stating that animals need ‘air’ to survive, describing decomposition as a process that
takes place only in the soil, referring to photosynthesis as the only mechanism of primary
productivity (ignoring chemosynthesis), etc. These oversights actually are factual errors,
and result in incomplete or inaccurate treatment of many fundamentally important concepts.
They also, if allowed to stand, unintentionally ensure that students will never be allowed
opportunities to learn about the unique and ecologically important organisms that occupy
the vast majority of the living space on Earth – in the ocean.1

A similar terrestrial focus in formal science education was reported during a series of con-
sultations with education stakeholders conducted in eight European countries (Goten-
sparre et al., 2017). Thus, even though the importance of a healthy marine environment
for sustainability is acknowledged by different stakeholders, marine science is often left
out of the classrooms in Europe and in the U.S. Consequently, the need for an ocean lit-
erate population and the lack of marine content in school require research attention. This
study focuses on students’ development of ocean literacy, when prompted to ask questions
to a marine scientist on an online collaborative platform called VoiceThread (www.
voicethread.com). This asynchronous discussion took place in the context of an instruc-
tional practice, where students were learning about OA by first running a virtual labora-
tory then listening to an online lecture from the aforementioned marine scientist. The
learning activity was developed within the Inquiry to Student Environmental Action
project (I2SEA; a collaboration between the University of Gothenburg and Stanford Uni-
versity; i2sea.stanford.edu) that offers interactive digital learning tools relating to climate
change and OA.

VoiceThread as a learning tool

The online platform used in the studied activity is called VoiceThread (www.voicethread.-
com), which is a platform that enables users to upload images, video or documents, to
record and save audio, video or text comments and to collaborate around these artefacts.
A VoiceThread presentation resembles a PowerPoint presentation, with each slide con-
taining an original media artefact (a document, an image, an audio file, a video file or a
mixture of these) that serves as a prompt for discussion. The users can navigate
through the slides, stop at any point and record their own audio- or text-based comments.
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This feature gives the users the opportunity to discuss or explain information pertinent to
the content of the particular slide or presentation.

The use of VoiceThread in instructional practices has been studied in a large variety of
settings from early childhood education (e.g. Gillis, Luthin, Parette, & Blum, 2012) to pro-
fessional education (e.g. Fox, 2017). A wide range of methods has been used to investigate
the use of VoiceThread in instructional settings. Researchers have analysed the activity
logs (Beach & O’Brien, 2015; Dugartsyrenova & Sardegna, 2017; Oh & Kim, 2016) and
field notes (Dugartsyrenova & Sardegna, 2017), they have run focus group (Beach &
O’Brien, 2015) and conducted semi-structured interviews (Dugartsyrenova & Sardegna,
2017; Oh & Kim, 2016) and analysing online questionnaire (Dugartsyrenova & Sardegna,
2017; Fox, 2017).

Results from these studies highlight positive outcomes of the use of VoiceThread for
instruction, such as promoting students’ engagement, enhancing students’ motivation
and improving their understanding (Gillis et al., 2012). Beach and O’Brien (2015)
studied the use of VoiceThread by sixth graders as part of a science inquiry project on
photosynthesis and carbon dioxide (CO2) emission. The students reported that the
setting enhanced the sharing of alternative perspectives, and the analysis of the students’
annotations indicated that they engaged in causal reasoning regarding the relationship
between photosynthesis and CO2 emission. Often, the benefits are argued to stem from
the audio-based environment that seems to improve the sense of social presence, remind-
ing the students that they are interacting with real people and, thus, adding a human
dimension to these instructional activities (Fox, 2017; Oh & Kim, 2016). As stated by
Ching and Hsu (2013), VoiceThread supports social interaction and provides an environ-
ment in which students collaborate in knowledge construction through situated
participation.

Talking science

This study is rooted in the vision that discourse should be a key element of science and
environmental instructional practices. Language, both written and spoken, is at the core
of scientific activities allowing scientists to formulate research questions, engage in
research and negotiate and communicate their findings with peers and with wider audi-
ences (McGinn & Roth, 1999). In order to provide the coming generations with skills
that enable them to understand and take active part in the societal scientific discussions,
‘talking science’ (Gyllenpalm, Wickman, & Holmgren, 2010; Lemke, 1990) needs to be a
central activity in school as well. As noted by Osborne (2002, p. 208), a central goal of
science education is to ‘help students to use the languages of science to construct and inter-
pret meaning’. But engaging in scientific discourse is challenging for students as it requires
not only an understanding of how claims, definitions and explanatory models are devel-
oped and expressed in science (Gyllenpalm et al., 2010). In addition, talking science
requires an ability to apply concepts in a relevant way in discourses and in their thematic
patterns (Lemke, 1990). In that respect, a key focus of science education is to support stu-
dents in the attempts to develop arguments and explanations and, in addition, to formu-
late relevant questions (Wellington & Osborne, 2001).

The importance of promoting students’ abilities to ask relevant and interesting ques-
tions has been advocated by UNESCO (1981) by arguing that ‘[t]rue learning is
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characterized not so much by the answering of questions as by the asking of them’ (p. 31,
my translation). The activity of asking questions offers an opportunity for students to
develop their understanding and their ability to properly use concepts related to specific
domains. The act of formulating questions is a very complex process, which presupposes
that students take an active stand in relation to the ideas that have been presented and try
to combine them with their pre-existing knowledge (Chin & Osborne, 2008). If these ideas
do not match, and cannot be reconciled, raising questions around the discrepancy
becomes an efficient strategy to solve the issue (Wickman, 2004). When a student struggles
with various ideas that do not fit together and formulates questions to address this gap, he
or she engages in an inquiry process. Inquiry, in Dewey’s terms (1938, pp. 104–105),
implies ‘the controlled or directed transformation of an indeterminate situation into
one that is so determinate in its constituent distinctions and relations as to convert the
elements of the original situation into a unified whole’. Formulating questions also
offers a unique opportunity to summarise ideas by providing a brief account of the
context in which the questions emerged and need to be understood. This way of summar-
ising information through questions has been argued to be an efficient learning tool (Koch
& Eckstein, 1991). Along with the other advantages cited above, previous research has
shown that questions may introduce students to the process of creating hypothesis and
prediction (Chin & Brown, 2002). Finally, questions have also been proven to be an impor-
tant resource for formative assessment (Bell & Cowie, 2001). For teachers, questions offer
a unique insight into students’ understanding, and knowledge of the concepts discussed
(Chin & Osborne, 2008), and for the students, questions can help direct their own learning
and monitor their understanding (Osborne & Wittrock, 1983, 1985).

Research aim

The aim of this study is to explore how an instructional activity organised around an asyn-
chronous discussion between a marine scientist and students could serve as a means of
promoting ocean literacy in an instructional setting. The focus has been on the questions
the students raise after having used a virtual lab and having participated in an online
lecture with a marine scientist on issue of (OA). The following research questions have
guided the research to be reported:

. What kinds of reasoning can be discerned as premises in the students’ question?

. What possibilities for enhancing students’ ocean literacy are made possible by using this
kind of tool-mediated activities in instruction?

Theoretical framing of the study

This study is underpinned by a sociocultural perspective where learning, is seen as emer-
ging from social interaction with other people and with the cultural tools that are available
in a specific context (Vygotsky, 1978). From such a perspective, communication and col-
laboration are regarded as essential components in the learning processes situated in the
cultural and social practices (Lave & Wenger, 1991; Säljö, 2005). The situated nature of
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knowledge suggests that learning cannot be isolated from the environments in which it
happens and as argued by Sadler (2009):

knowing and learning are not processes that transpire independent of context and, therefore,
cannot be considered as isolated events that occur in the minds of individuals. As individuals
participate in environments and engage with the communities that form these environments,
they begin knowing and learning. (p. 2)

For this study, this means that we, when analysing the students questions, include the
context and the cultural tools used in the activity and consider how they mediate under-
standing. As described by Säljö (2010)

why these technologies are so significant is that they affect the manners in which society
builds up and provides access to social memory, that is, the pool of insights and experiences
that people are expected to know about and to make use of. (p. 56)

In other words, the cultural tools are an externalisation of human knowledge and
expressions of the collective learning, inviting specific ways of thinking and working.

A central idea in the sociocultural perspective is that people develop through partici-
pation in cultural activities with more knowledgeable participants. For example, students
are able to perform a certain range of tasks on their own, but they are able to manage more
complicated tasks when collaborating with more knowledgeable peers, such as illustrated
by the students’ interaction with a researcher in this study. The concept zone of proximal
development formulated by Vygotsky (1978) articulates such a view of learner’s compe-
tences when engaging in independent problem solving, on the one hand, and, on the
other hand the potential development that may appear when supported by and/or colla-
borating with more skilled peers.

An added central assumption of this study is the emphasis on language that serves as a
system of resources for making meaning in a given context (Lemke, 1990). Furthermore,
our behaviours interact with our understanding of the situation as it is mediated by
language. In this context this means that learners need to master a specialised language
to make informed meanings in the context of science. Natural sciences (as all sciences)
have developed a specific discourse that is central to master in order to accurately partici-
pate in discussions in scientific contexts. Being familiar with the semantics of a term in a
scientific context is crucial for becoming a participant in the activity in question. In this
perspective, practices of questioning, as studied here, can be regarded as significant
elements of promoting reasoning, since such activities are situated at the intersection
between previous experiences and the newly acquired information and insights encoun-
tered in instructional practice.

Research context

In order to understand the context of this study, a brief presentation of the complete
instructional activity will be provided.

The learning activity, developed as part of the I2SEA project, included two steps. First,
the students were introduced to the marine environmental issue of OA through a virtual
laboratory (http://i2sea.stanford.edu/AcidOcean/AcidOcean.htm). They followed a pre-
designed experiment protocol to virtually grow sea urchin larvae in water with two
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different levels of acidity, and they measured the growth rate of the larvae in these two
conditions. The first activity implied that students observed how the larvae raised in
higher acidity water grew slower. The virtual laboratory (Figure 1) is a simplified
version of an experiment that was run at the Sven Lovén Centre for Marine Infrastructure
- Kristineberg, at the University of Gothenburg.

In the second activity, the students watched an online lecture, hosted on the VoiceTh-
read, by the lead scientist of the experiment mentioned above (Figure 2). The scientist
uploaded a PowerPoint slideshow onto VoiceThread and added his audio comments on
each slide. He created multiple copies of this presentation so that each class would
receive its own link to a private copy of his online lecture.

In the lecture the scientist makes connections with the virtual experiment the students
conducted in the previous step and the original experiment, which the virtual experiment
is based on. He also placed the results of the experiment (sea urchin larvae growing slower
in water with higher acidity) in a social and economic context. This presentation covers
the following topics:

. The different steps of the scientific methods are presented

. Reminding students of the experiment they had just run virtually

. Presentation of a similar scientific experiment conducted by his team

. Making explicit direct and indirect economic impacts of OA

. Explaining various impacts of OA on diverse marine species

. Raising questions about what citizens can do to mitigate ocean acidification

. Explaining the impact of carbon dioxide emissions caused by human activities

. Reflection on our own responsibility in the context of this environmental issue

The students were prompted by their teachers to watch the VoiceThread presentation
and to record their questions to the scientist in the presentation. Voicethread includes a

Figure 1. Screenshots of the virtual lab. Screenshot A (left side) presents the virtual lab bench where
students conduct their experiment of growing sea urchin larvae in sea water with different level of
acidity. Screenshot B (right side) presents a later step when students slide a virtual ruler next to the
arm of the larvae in order to measure and compare the growth rate in different conditions of acidity.
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function where users can embed their comments directly in a chosen slide. The students
can thus go to the slide, address the topic they have a question about, and add their ques-
tion either by typing a comment or by recording their voice. The questions then become
embedded chronologically in the slide and visible to all users (Figure 3). Later on, the tea-
chers informed the scientist that the students had posted their questions. The scientist
would then go back to his VoiceThread and could easily see the slides on which the stu-
dents had added their questions. The scientist could listen to or read the students’ ques-
tions and record his replies. The teachers would let the students know that the answers to
their questions were available on their copy of the VoiceThread. In this way, the students
and the scientist engaged in an asynchronous discussion through the VoiceThread
platform.

Figure 2. Screenshot of a slide from the VoiceThread presentation.

Figure 3. Screenshot presenting a slide from the interactive presentation with the icons corresponding
of the users leaving a questions or a comment.
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Data analysis

Three highs school classes in two U.S. schools, in total 61 students, participated in this
instructional activity as part of their regular class practices (Table 1) in October 2013.
The activity lasted for about two weeks in each class.

After completion of the learning activities in the three classes, the initial talk of the
scientist from each slide, as well as the students’ questions and the scientist replies,
were logged on a Word document, making it easier for the researcher to navigate
between the different questions and replies from all participants. The students’ questions
were numbered according to their position in the VoiceThread.

The analysis of the questions was based on thematic analysis, a method identifying and
reporting patterns or themes salient in a data corpus (Attride-Stirling, 2001; Braun &
Clarke, 2006). In this study, the themes of interest were based on how students related
to OA, that is, what premises they used for their reasoning, and how they negotiated
their understanding of the marine environmental issue in relation to their pre-existing
familiarity with the topic and to new information provided by this instruction activity.

The analysis focused on the data corpus including 74 questions formulated by the stu-
dents (17 questions from the classes in Illinois and 57 questions from the class in Califor-
nia). The data corpus was transcribed in a Word document to facilitate the manipulation
and navigation through the data. As described by Attride-Stirling (2001), the thematic
analysis begins with an immersion in the data corpus by repeated reading while looking
for patterns related to how students conceive OA in relation to their pre-existing knowl-
edge and the information provided in this activity. After becoming familiar with the data,
each question was annotated with a couple of words capturing the main topic addressed.
This process helped the researcher to discover recurrent patterns. As the annotating step
unfolded, questions revealing similar topics were gathered and labelled under the same
code. For examples the two following questions, ‘Why did you choose to use sea
urchin?’ and ‘Did your team develop this type of program to
measure, or it is widely used in the scientific community?’ were cate-
gorised under the code Research method. The next step in the process implied gathering
codes under overarching themes. Table 2 presents the 16 codes that were grouped into 5
themes, 4 of which were kept as the focus of this study.

Finally, the questions were analysed and interpreted in accordance with the emerging
themes. For example, for a question placed under the theme ‘Systems thinking’ the analy-
sis focused on how the student was able to address the issue of OA in relation to a network
of cause and consequences. The excerpts presented below illustrate each central theme and
analyse some of the students’ questions in relation to these themes. Finally, to ensure that
relevant interpretations of the data have been made, the thematic analysis was discussed
and critiqued in different research group settings.

Table 1. Number of students participating in the study.
Location Subject No. of students No. of females No. of males Age range

Class A California AP Environmental Science 24 9 15 16–18
Class B Illinois AP Environmental Science 25 14 11 16–18
Class C Illinois AP Biology 12 10 2 16–18
Total 61 33 28
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The research adheres to the ethics code of the Swedish Research Council. It is also con-
ducted in accordance with guidelines established by the Association of Internet Research-
ers (Markham & Buchanan, 2012). The teachers were informed about the nature of the
study and that the data collected would only be used for the purpose of research. The tea-
chers then informed the students about the aim of the study and made them aware that
participation was voluntary, and that they could discontinue their participation in this
study at any moment. All the names used in the excerpts have been changed.

Results

The thematic analysis showed that the nature of the students’ questions could be cate-
gorised into four qualitatively different themes, illustrating the different kinds of premises
the students invoked in their reasoning made visible through their questions. Thus, the
questions include some of the information received during the online lecture, which is
integrated with the students’ prior knowledge, experiences or ideas. The students relate
to certain information from the scientist as the more experienced peer (Vygotsky,
1978), and they use it to take a stand in their further elaborations. The four different
themes are summarised in Table 3. As mentioned earlier, there were also other questions
dealing with the career of the researcher (e.g. why did you go into marine
biology?, Where did you go to school and for how long?), but they fall

Table 2. The 16 codes emerging from the questions aligned with the five themes.
Codes Themes

. OA info versus personal experience

. Terrestrial knowledge on photosynthesis

. Virtual versus real experiment

Comparison between everyday experience and OA information

. Mitigation

. OA impact on human society

. Adaptation

Environmental concerns

. Impact of OA on marine organisms

. Natural selection

. Impact of OA on water chemistry

Systems thinking

. Research method

. Funding

. Further research

. Analysis results

Details concerning the experiment

. Job opportunities

. Motivation

. Path

Career (not the focus of this study)

Table 3. The four themes emerging from the thematic analysis of the students’ questions.
Themes Description

Comparison between everyday experiences
and OA information

Making use of their everyday experience and comparing it to the
information conveyed by the scientist in order to see how the two sources
fit, or, alternatively, what kind of discrepancies have emerged.

Systems thinking Displaying systems thinking about the information received where students
include an understanding of the chain reaction association with OA.

Environmental concerns Formulating questions that are concerned with the environmental aspect of
OA and solutions that can be deployed.

Details concerning the experiment Asking for further information about the experiment conducted by the
scientist.
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outside the scope of this study. The excerpts below are chosen as illustrative examples of
the different categories of questions formulated by students.

Comparison between everyday experiences and OA information

In the first category of questions, students make a connection between something they
have previously seen, heard or experienced, on the one hand, and, on the other hand,
the information they encountered in the presentation. A sample of four questions is dis-
cussed here to illustrate this category.

Excerpt 1.
Q.70 (oral): Mr. Squamata, I have a question for you about CO2. I was
actually at my cousin’s house over the week and they told me about
how they actually add CO2 to their aquarium to benefit their
fish, but in the ocean, CO2 leads to armful OA. How and why does
this happen?
Q.20 (written): On a real microscope how do you measure the distance? It
does not seem like there is room to slide a real ruler over the
slide.
Q.40 (written): Do you think the marine plants benefitting from ocean
acidification could help actually absorb some of our CO2 emis-
sions, maybe help prevent greater ocean acidification overall?
Sort of like the idea behind planting trees to offset.
Q.72 (written): Is there any way to reduce the amount of carbon dioxide
in ocean? Like on ground, the plants can convert carbon dioxide to
oxygen. But can the sea plants also absorb carbon dioxide?

These questions illustrate how students consider how to coordinate their previous
knowledge or experiences with the new information encountered during the session
they had been involved in. Q.70 is grounded in an observation made by the student in
his everyday life; they told me about how they actually add CO2 to their
aquarium to benefit their fish. This student struggles to reconcile his own
experience of the positive impact of CO2 in an aquarium with of the information about
OA included in the interactive talk and which he had noticed ("but in the ocean,
CO2 leads to armful OA"). By posting this question the student displays how he
engages with understanding some complex and fundamental concepts related to the
ocean, an essential step to developing ocean literacy.

In Q.20, the student is referring to the way they measured the arm length of the sea
urchin larvae in the virtual lab prior to the online lecture. In the virtual laboratory, they
measure the length by sliding a virtual rule over a microscopic image of the larvae (see
Figure 1). The student ends up with a conflict between how the length is measured in
the virtual lab and his experiences of physical microscopes ("It does not seem
like there is room to slide a real ruler over the slide").

In Q.40 and Q.72, the students reveal their prior knowledge about how terrestrial
photosynthesis2 captures CO2 and releases oxygen ("Sort of like the idea
behind planting trees to offset" and "the plants can convert
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carbon dioxide to oxygen"). As the previous questions illustrate, these students
take a step beyond the information provided in the lecture and use their previous knowl-
edge to raise questions that build on a parallel to an environmental phenomenon they are
familiar with: can organisms absorb CO2 emissions in the sea in ways that are reminiscent
of how trees do this on land?

As demonstrated by these four examples, the students make use of personal experiences
and try to reconcile them with some of the new knowledge emerging from the online
lecture. In this sense, the formulation of questions illustrates the ways in which the infor-
mation in the interactive talk has mediated knowledge that becomes the premise for the
students’ further reasoning in their questions (cf., Wellington & Osborne, 2001).

Systems thinking

The second category of questions implies that students consider OA as an element of a
complex system, where a modification in one component will trigger a chain reaction.
The degree to which the students comprehend the complexity of this chain reaction
varies greatly as demonstrated by the following questions.

Excerpt 2.
Q.55 (written): Hi! I’m part of Mr. Fox’s AP biology class in California.
Does ocean acidification also slow down the growth of plants in the
ocean such as kelp and seaweed? If not, does ocean acidification
affect underwater plants in any other way?
Q.67 (written): Since the enchinoderms are weakened by acidification,
has there been any results indicating a growth in their predator’s
population, since weaker prey means easier predation?
Q.50 (written): Hi Mr. Squamata! What exactly are the consequences of
slower sea urchin development on the food chain? Would it increase
the number of predators since they would have more vulnerable
urchins to eat? Thanks!
Q.44 (written): As this slide highlights, zooplankton like these
larval sea echinoderms comprise a fundamental aspect of the food
chain, feeding many larger predators, and the length of these
animals’ larval stage is increasing, do you see their predators
reaping any benefits from this, at least in the short term? Or
would you deduce that this very increase in predation opportunity
would decrease the echinoderm (and therefore plankton) popu-
lations so much to negatively impact the predators?
Q.63 (written): Do you have any ideas why ocean acidification affects
closely related species in such different ways? Does it possibly
benefit the ecosystem as a whole, maybe help the ocean maintain
some of its diversity even under environmental pressure since no
one phylum would go completely extinct?

In the five questions in Excerpt 2, the students engage with similar modes of systems
thinking around OA in an ecosystem perspective. What differs between these questions
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is the degree in which they expose understanding of the complexity of the system and the
interconnectivity between the different elements of the ecosystem.

Q.55 displays an initial systems thinking, where the student wonders about the impact
of the decrease in pH ("ocean acidification") on "the growth of plants in
the ocean such as kelp and seaweed". This student raises a problem about a
simple chain reaction going from the change in pH to the living organisms impacted by
the changed conditions. Thus, his question elaborates on and extends the general line
of argumentation presented by the scientist by asking about other species.

The formulations in Q.67 and Q.50 imply a more developed understanding of the
relations between OA and different species. In these questions, the impact of OA on echi-
noderms is used as a premise ("Since the enchinoderms are weakened by
acidification"). In the continuing reasoning, questions about the next step in the
chain reaction are raised, namely the consequences of weaker echinoderms on their pre-
dators ("on the food chain" and "growth in their predator’s
population").

Q.44 shows yet another aspect of developed understanding in this chain reaction by
engaging with the idea that this "very increase in predation opportunity
would decrease the echinoderm (and therefore plankton) popu-
lations so much to negatively impact the predators".

A further interesting case of systems thinking is presented in Q.63, where the student
not only understands the complexity of the relationship between the elements of this chain
but also considers the possibility that OA could "benefit the ecosystem as a
whole". In this way, the student displays an understanding of the fragile balance
between the different species of an ecosystem, and the fact that a negative impact on
one species could be beneficial to another one. In the questions, students engage in
systems thinking to address OA as they raise the connections between different elements
of OA, and they display a certain degree of understanding that one modification would
have repercussions at other levels of the whole system (Sterman, 1994). This kind of
systems thinking and understanding about how factors interact are essential in developing
ocean literacy (Cava et al., 2005).

Environmental concerns

The interactive talk with the scientist also gives students a unique opportunity to learn and
reflect about the way forward for our society in relation to OA by discussing mitigation or
adaptation to these new environmental conditions. The third category includes questions
that express an opportunity to develop the third tenet of ocean literacy, the ability to make
informed and responsible decision concerning the ocean and its resources.

Excerpt 3.
Q.14 (oral): How would OA affect our life in Woodstock Illinois?
Q.3 (oral): How can how can we stop reverse the acidification of the
ocean?
Q.73 (written): Hi Mr. Squamata, I had a question about whether or not it
is possible to actually take out the carbon that has built up in the
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ocean, and if not, does that mean the best we can hope for in the
future is to merely maintain the current ocean ph level, or can
we actually work to lower it?
Q.59 (written): Is there any possibility of completely reversing the
trend of ocean acidification or are we at a point that we can only
try to lessen the effects? If it is still possible to get rid of
it, what would be the specific actions that everyone would need
to do to help the effort?
Q.35 (written): You mention that natural selection occurs for each
level of pH and changes the urchin genotype. Does this mean that
in the lab you could breed the survivors of the lowest pH trials
and over time create an urchin that can survive extreme levels of
acidity?

The student formulating Q.14 lives inland but still seems to understand that marine
conditions may have an impact even in his surroundings, that is, that the population
will be impacted by OA as this will happen regardless of where we live. The student
wonders "how" OA will affect his community rather than if it will. This indicates that
the student grounds the question on the premise that the impact of OA will not be
limited to coastal regions. Q.73, 3 and 59 engage with the idea of lessening OA. Both
Q.73 and Q.3 reveal tensions in students’ reasoning about the way forward as they
wonder if we can still work to reverse this deterioration of the environment, or if the
best we can hope for is to stop the process of acidification that is already on its way.

The student formulating Q.3 wonders how we can stop OA but decides to reformu-
late his question by using a different verb ("reverse"). The shift from "stop" to
"reverse" may be read as a sign of developed understanding that, since OA has
already changed the acidity of the water, and already has impacts on marine species,
stopping it would not be enough. Reversing the process that is currently underway
should be the focus of action. The same uncertainty about the current state of this
issue is observed in Q.73 inquiring about a potential removal of the carbon to go
back to the earlier level of acidity ("take out the carbon that has built up
in the ocean") versus focusing our efforts on maintaining the current level ("the
best we can hope for in the future is to merely maintain the current
ocean pH level").

The tension linked to the uncertainty about the gravity of this issue is also present in in
Q.59. In this question, the student does not hesitate between decreasing OA versus
working toward maintaining the current level of pH but wonders if it is even still possible
to mitigate OA ("reversing the trend of OA"), or if it is too late for mitigation and
instead our actions should focus on adapting to the new situation ("or are we at a
point that we can only try to lessen the effects"). This illustrates how stu-
dents engage in reasoning about the urgency of OA as being a situation that can still be
mitigated or something that we should adapt to.

Finally, in the last question Q. 35, it is not even considered how to reverse the situation,
but rather the student invokes engineering solutions to adapt the population of living
organisms through selection inspired by what happens naturally in the environment
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("Does this mean that in the lab you could breed the survivors of the
lowest pH trials and over time create an urchin that can survive
extreme levels of acidity").

The questions in Excerpt 3 display an awareness of individual and societal responsibil-
ity toward this issue, and the need for change, which implies a developed understanding
related to ocean literacy (cf., Mckinley & Fletcher, 2010).

Details concerning the experiment

The questions placed in this category probe into the details of the experimentation in
which the students ask for further information to be able to evaluate the validity of the
experiment and the results.

Excerpt 4.
Q.6 (oral): How many trials did you run?
Q.8 (oral): how did you get the funds to pay for all your materials?
Q. 11 (oral): what complications did you run into?
Q. 16 (oral): How did you measure the 15% mortality rate?

Q. 6, 8 and 11 all ask for follow-up details concerning the experiment the scientist
describes in his lecture, and they are anchored in the students’ understanding of the scien-
tific method. Q.6 reveals an understanding of the relevance of the number of trials needed
to run a valid experiment when asking "how many trials" were run. Q. 8 displays an
awareness of some of the reality of scientific work, namely the need to fund the research
and "pay for all your materials". In Q. 11 the student wonders "what compli-
cations" the scientist ran into (instead of wondering if he ran into any) as if it was clear in
his mind that scientific experiments are imperfect human endeavours that always run into
some kind of difficulties. Q. 16 goes into the statistical analysis performed and shared by
the scientist, by requesting more details about how the scientist came up with the findings
he describes. These questions display what students already understand about the nature
of science by asking questions about the importance of replicates, the need for funding and
the potential problems researchers encounter while performing experiments.

Discussion

This aim of this study is to contribute with knowledge in the field of education and ocean
literacy by investigating an instructional activity organised around an asynchronous
online discussion on OA between high-school students and a marine scientist hosted
on the VoiceThread platform. By looking at the questions raised by the students to the
scientist, this study sheds light on (1) what kinds of reasoning can be discerned as premises
in the questions formulated by students and (2) what possibilities for enhancing students’
ocean literacy in school that can be connected to the activity.

Formulating a question is a demanding task where existing experiences and knowledge
have to be transformed in the light of new ideas encountered. It is also at the heart of
‘talking science’ (Gyllenpalm et al., 2010; Lemke, 1990) that is central for learning
science. In other words, prompting students to formulate questions can be seen as a
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fruitful way of organising learning activities (Lave &Wenger, 1991; Säljö, 2005). Since for-
mulating meaningful and scientifically sound questions is rather challenging, the students’
questions can be seen as indicators of their knowledge and reasoning about a certain topic.
In this study, it was shown that the students’ questions provide insights into how they
combine their pre-existing experiences and insights with the information gained during
the online lecture ("I was actually at my cousin’s house over the week
and they told me about how they actually add CO2 to their aquarium
to benefit their fish") while reasoning about OA, and how they were trying to
integrate their previous knowledge ("Like on ground, the plants can
convert carbon dioxide to oxygen") with what they encountered during this
instructional activity. To formulate their questions, students make use of scientific con-
cepts (e.g. photosynthesis, food chain) and display their level of mastery of these concepts
("since weaker prey means easier predation"). These questions thus give
clues to understanding the premises on which the students formulate their questions.

An interesting illustration of what can be seen as a zone of proximal development
(Vygotsky, 1978) in this context relates to their understanding of the process of photosyn-
thesis that is mainly terrestrial ("Like on ground, the plants can convert
carbon dioxide to oxygen"). Here the student obviously is able to point to a poten-
tially relevant process and she/he raises the issue if there is a parallel in the ocean. The
example of photosynthesis also illustrates that in teaching of science the terrestrial per-
spective is primary, and the marine context comes second as already discussed. As demon-
strated in this paper, several science concepts essential to becoming ocean literate are part
of the students’ repertoire of premises. It seems that students need help of a more knowl-
edgeable person to make relevant distinctions related to marine sciences in order to under-
stand the fundamentals of the consequences of ocean acidification. For example, the
students display certain insights into photosynthesis but do not make further distinctions
with respect to photosynthesis in the ocean ("But can the sea plants also
absorb carbon dioxide?"). In that respect, teaching takes the terrestrial perspective
for granted and never reaches (or gets as far as) the ocean.

This instructional activity based on VoiceThread, a tool allowing an asynchronous dis-
cussion between students and a scientist, presents some unique opportunities for students
to develop their ocean literacy. What possibilities the students have to develop their under-
standing of OA, thus, are intimately linked to their activities with this particular tool which
invites a specific way of working. First of all, this activity offers an easy and affordable way
to virtually bring valid, up-to-date and cutting edge science to the classroom that is often
missing in the school curriculum and in the expertise held by the teachers. But scientists
do not only come as more knowledgeable peers in the field of science (Vygotsky, 1978),
they also bring an extremely broad range of knowledge and first-hand expertise in their
fields. Scientists have knowledge about the science of their field, but beyond that they
also have a deep understanding of and experience with how their fields emerged and
what kinds of studies lead to the current knowledge. Scientists also have the ability to
take a critical look at science itself and explain what the weaknesses of the studies
forming the body of knowledge are and what areas where more knowledge is needed.
In addition, these experts also understand the implications of their field of research on
a global scale and grasp the societal and political consequences. In other words, even a
teacher with a strong science training would not be able to offer the level of expertise
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that a scientist fully emerged in the OA research culture and social context can offer. As
demonstrated in this study, the students are aware of the expertise of the marine scientist,
and they do not hesitate to tap into the very broad source of knowledge. This brings about
students to ask questions on a very broad range of aspects going from the genesis of the
science of OA itself (see theme ‘Details concerning the experiment’) to the mitigating sol-
utions and even to how science could help our society to adapt to these negative changes
(see theme ‘Environmental concerns’.

As discussed earlier, the scientific discourse is an essential component of any scientific
endeavour, such as science education. A recent study (Macpherson, 2016) demonstrates
how scientists (in this case ecologists) rely on a different argumentative discourse than
the one used in school. Scientists based their arguments on causal claims (presenting
underlying causes for phenomena), while instructional practices focus more on descriptive
(description of phenomena) and prescriptive, that is, claims about what humans should
do. Moreover, the critical aspect of the discourse is more salient in the scientists discourse
than what is present in the school setting. In this respect, putting students into contact
with scientists, regardless of the expertise of the teachers, gives them an opportunity to
be in contact with the current scientific discourse and culture. This instructional activity
not only brings the students into contact with the causal discourse of the scientist, but it
triggers their attempts to engage in this kind of discourse by integrating claims about the
underlying cause of a phenomenon in their questioning ("Or would you deduce that
this very increase in predation opportunity would decrease the
echinoderm (and therefore plankton) populations so much to nega-
tively impact the predators?"). This finding is supported by previous research
on the use of VoiceThread in science inquiry project, where the same benefit for triggering
a more causal-based discourse among students was found (Beach & O’Brien, 2015).

In schools, natural sciences are often presented either as a series of facts or in an ideal-
ised form. The complexities and uncertainties of science and scientific practices often
remain hidden. Interacting with a scientist gives the students another entry point to the
world of natural sciences with its culture, complexity, uncertainty and choices. This
gives students a chance to investigate and question the challenges a scientist run into
(such as "what complications did you run into?").

In other words, this instructional activity organised around asking questions to a scien-
tist on the VoiceThread platform mediates the students’ reasoning by giving students a
unique opportunity to learn about OA from the point of view of a researcher who is socia-
lised and enculturated into the social practice (Gee, 2008) of research in OA.

While the benefit of school–scientist interaction is described above, one should not
forget to recognise that scientists do not always have time to visit school and spend
time discussing with students (Falloon & Trewern, 2013). VoiceThread offers a potential
solution as the scientist only needs to prepare and record one online lecture that could be
reused and distributed widely. The scientist can answer the students’ questions when time
is available and can even require members of her/his research team to help with this task.
This online lecture also has the advantage of providing more time for the students to get
acquainted with the topic and reflect on their questions.

Environmental issues such as OA are complex by nature and encompass several aspects
that go beyond the science itself. It will be difficult for the students to grasp all the concepts
involved by attending to the talk only once (as it is the case in real-time presentation). In
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this case, students can take time to watch at their own pace, navigate through the presen-
tation, and re-watch problematic parts and reflect on the topic in order to formulate their
questions.

In conclusion, this instructional activity offers an affordable way of bringing marine
science to the classroom by providing in-depth expertise from a marine scientist. Students
get a chance to contextualise and mobilise their pre-existing knowledge that they could
apply to the field of marine science. The holistic expertise of the marine scientist in his
domain allows students to explore and reason around a very wide range of ideas and
aspect of natural sciences that goes beyond the range offered by the school settings.

Notes

1. Taken from a letter written by Craig Strang on behalf of the National Marine Educators
Association to NGSS. The letter was never published, but I have had access to it through
my engagement in the ocean literacy community.

2. Photosynthesis is a process in which energy from the sunlight is used to convert carbon
dioxide (CO2) and water into glucose and oxygen.
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