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Chapter 22
Augmented Reality in Lower Secondary 
Science Teaching: Teachers and Students 
as Producers

Birgitte Lund Nielsen and Harald Brandt

22.1  Introduction

The research on the use of ICT in education shows that technology alone cannot be 
seen as a catalyst for change (Higgins et al., 2012). The question about the peda-
gogical approach and teaching and learning practices with technology should come 
before the question about effects from using a specific technology (Hennessy et al., 
2007). In the field of science education, it is, in particular, discussed how students 
could learn from using digital artifacts in inquiry-based projects in real-life contexts 
(Krajcik & Mun, 2014). The importance of their high-level use of ICT in modeling, 
animating, and communicating about science phenomena are highlighted. Research 
and science curricula across national contexts refer to students’ representational 
competence (Waldrip & Prain, 2012) and the importance of their meta-modeling 
knowledge (Schwarz et al., 2009; Oh & Oh, 2011). The digital artifacts must be 
included in the process of generating, testing, and revising explanatory models if 
students are expected to develop these competencies.

Furthermore, contemporary research emphasizes student-teacher and student- 
student exploratory dialogues when working with digital artifacts to help students 
make sense of science phenomena (Mercer et al., 2019). Hence, the teachers’ role in 
scaffolding (Hammond & Gibbons, 2005)  student dialogues and demonstrating 
strategies for handling the problems involved is crucial in inquiry-based approaches, 
i.e., model-based inquiry (Kind et al., 2011; Windschitl et al., 2008). The present 
paper discusses the scaffolding and mediation of students’ inquiries and modeling 
activities in science with the use of Augmented Reality (AR).
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22.2  AR in Educational Settings

AR is defined by the combination of real and virtual objects in a real environment, 
running interactively, and in real-time (Radu, 2014). AR can enhance the user’s 
sensory perception of the real world by adding virtual objects and a contextual layer 
of information (Ibáñez & Delgado-Kloos, 2018). Smartphones and tablets are 
equipped with sensors such as cameras, GPS, accelerometer, and gyroscope allow-
ing the smartphone to form a virtual perception of the real world and use this to add 
a layer of augmented content. The AR content is often launched by letting the device 
read a visual marker placed in the real environment. Still, AR can also be marker- 
less using location data, such as GPS, when overlaying information (Cheng & Tsai, 
2013). Affordances by using AR in an educational setting are that students can see 
the content in a 3D perspective and get a sense of presence, immediacy, and immer-
sion. AR can, therefore, help them visualize the invisible, bridging formal and infor-
mal learning. Challenges are mainly about usability difficulties and ineffective 
classroom integration (Radu, 2014; Wu et al., 2013). A systematic review of the 
literature on the use of AR in STEM learning highlight that similar design features 
are used across contexts with students mainly getting information through the inter-
action with AR. They emphasize the need for more than access to information for 
this to be a learning experience. Assistance in selecting and interpreting data from 
AR is crucial and recommended to be included in future initiatives (Ibáñez & 
Delgado-Kloos, 2018). So, though there is a growing knowledge base about affor-
dances related to AR in education, the field is still in its infancy as emphasized by 
Radu (2014). Further research is asked for to expand the knowledge about how 
meaningful learning can be mediated with AR. This point was part of the rationale 
for initiating the European ARsci project running from 2012–2015 (https://ar- sci.
csesga.es). This context, where AR-animated models were developed and tested in 
lower secondary science classrooms in three countries (Denmark, Norway, and 
Spain) provided an opportunity to examine affordances for supporting students’ 
inquiries into micro-processes in science like photosynthesis and combustion and 
for students to model with AR themselves. Some findings from this longitudinal 
project have been published (Nielsen et al., 2016, 2018), but will be summed up to 
discuss how the findings can inform the pedagogical use of AR in a new and some-
what different context, namely students’ work with processes related to the global 
Ocean, focusing on Ocean Literacy (Fauville, 2017). The rationale for pursuing this 
is that findings from the ARsci project (elaborated below) indicated a need to sup-
port students’ model-based inquiry (Windschitl et al., 2008). The global Ocean pro-
vides an excellent context for focusing on models and macro-processes. This context 
can include, as it will be elaborated and exemplified in the literature study, what 
Tran et al. (2010) call a system-thinking approach supporting student capability to 
use models, and more specifically, create, manipulate, and revise models. 
Furthermore, Ocean Literacy accentuates socio-scientific perspectives and contem-
porary global environmental challenges related to the content students are inquiring 
into using AR.  Ocean Literacy refers to the aim of students in particular and 
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citizens, in general, building a civic relationship with the Ocean (Fauville, 2017, 
2018; Tsai, 2018).

22.3  Research Questions

• What do students from lower secondary science emphasize as possibilities, chal-
lenges, and perceived outcomes from the testing activities in the ARsci project?

• How can the experiences from applying AR to support student learning about 
micro-processes in science in the ARsci project inform the continuing work with 
AR to promote students’ Ocean Literacy, referring to macro-processes in science 
and including also socio-scientific perspectives on the science-content?

22.4  Methods

The ARsci project operated with an iterative approach to design, testing, re-design, 
and adaptation: design-based research (DBR) (Barab & Squire, 2004). The main 
focus was on teachers and students as producers. Still, in the first round, showcase 
material developed by the ARsci-team (using software like Blender, Unity, and 
Daqri) was tested. The project team aimed to develop the pedagogical framing for 
the later test-phases where first teachers and then students were producers of 
AR-animation models. The science content used in designing the first AR-animations 
(photosynthesis and combustion) was informed by analyzing science curricula 
across countries and by a survey at the initiation of the project (Nielsen et al., 2016). 
In the second round of testing, teachers were designing AR-animation models, and 
in the third round, students were producers using the same software as the teachers 
(Blippbuilder). The first two rounds of testing included two classes from each coun-
try (n = 73) and their teachers. The third round of testing included students and 
teachers from Denmark and Spain (n = 46). All participating students were from 
lower secondary, 7th, and 8th grade, aged 13–15 years old. Multiple types of data 
were collected, including student questionnaires, interviews with students and 
teachers, and classroom observations using observation schemes and video, both 
full class, and video following dialogues in groups of students. Data from question-
naires were analyzed by frequency analysis and cross-tabulations. Dialogues from 
the video were analyzed, looking into (1) elements of teacher scaffolding, (2) vari-
ous kinds of discussion, e.g., exploratory talk (Mercer et al., 2019), and (3) indica-
tions of students’ representational competence (Waldrip & Prain, 2012).

Following the DBR approach also across project contexts, the findings from the 
ARsci project are at present informing the development in an EU-ERASMUS+ 
project about Ocean Literacy (https://www.ocean- connections.net). The method to 
answer the second research question included a focused state-of-the-art literature 
study (Gough et al., 2017) to discuss the findings from the ARsci project with the 
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particular perspectives on ICT, AR, and Ocean Literacy. The focused review 
included searches in the databases Eric and Teacher Reference Centre using the 
search strings, [(ocean literacy) AND (science education) AND (augmented Reality 
OR AR OR (virtual Reality) OR VR OR ICT] and [(ocean literacy) AND science 
AND (socioscientific)]. Research applying a wide range of quantitative and qualita-
tive methods was included in the narrative synthesis (Gough et  al., 2017; Popay 
et al., 2006). First, a summary of each study was made using a review template. In 
the next step of the analysis, themes related to pedagogical principles for teaching 
about Ocean Literacy with the ICT tools were identified. This approach to narrative 
synthesis was informed by the thematic analysis (Braun & Clarke, 2006). The full 
review will be publicly available: https://www.ocean- connections.net/
project- results/.

22.5  Results

We start by addressing the first research question presenting findings from the ARsci 
project, before the conclusions of the literature study about Ocean Literacy. This 
order of sections mirrors the DBR approach, also followed across studies.

22.5.1  Findings from the ARsci Project

In the first round, the teachers and students from Norway, Spain, and Denmark were 
using two examples of pre-produced AR-materials “Lost in the woods” and 
“Catalytic converter” focusing on photosynthesis and combustion, e.g. adding an 
augmented layer to leaves from a real tree and exploring the chemical reactions in a 
car’s catalytic converter (Nielsen et  al., 2018) (an example in Fig.  22.1, the full 
description can be found in the ARsci user guide).

Detailed analyses of the dialogues from students’ inquiries are presented in 
Nielsen et al. (2018), revealing the first phase with questions like: What can this app 
do? What happens, if…? When interviewed, the students emphasized the affordance 
of visualizing what is inside – the invisible – as immediately catching their interest. 
In later phases, the teachers were supporting students in using science concepts to 
communicate about their models and name the different molecules. The teachers 
were asking questions, e.g., to stimulate reflections about substance conservation in 
the processes in the catalytic converter. After their initial work in class with the 
models from ‘lost in the woods,’ the students moved outdoors, where they physi-
cally placed the AR-markers on different parts of a tree. Later they presented their 
results in class. Most of the students found this to be a motivating and engaging 
task. One student said: “You see it more like it is for real – it is meaningful, and you 
get a sense of how it is happening.” When asked to elaborate on the specific task of 
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finding out what processes the models represented, another student said: “I think it 
is fun […] it would have been too boring and easy if she [the teacher] had explained 
about the models before we started. It is fun to examine it yourself”. But a few stu-
dents experienced it to be a difficult task. One student used the term “confusing” 
about the task. These experiences from the first testing were used in adapting the 
materials, describing in the user-guide possibilities for using ‘Lost in the woods’ in 
differentiated ways with various degrees of teacher guiding.

In the second round, four AR-animation models were produced by the teachers 
using the software Blippbuilder. It was tried in their classes with students using the 
app Blippar. Teachers in all three countries produced AR models closely connected 
to the science content in the curricula, e.g., modeling a magnetic field, rocks and 
plate tectonics, and processes related to carbohydrates (more about these 
AR-animation models in the ARsci user guide). The students in all three countries 
reported a high level of perceived outcomes. For example, did around 80% of the 
students report that the inquiries with AR to a high or a very high degree helped 
them acquire new knowledge about the science content? A particular issue was that 
some of the students at this point were a little disappointed that the resources 
designed by the teachers were not of the same high technical quality as the ones 
from the first testing.

In the third round, students were working with the Blippbuilder software with 
teachers’ scaffolding (Hammond & Gibbons, 2005) informed by the first findings, 
e.g., with a variation in the level of openness and teacher guiding. Danish 8th-grade 
students, for example, designed an augmented world map as a first task where they 
at the same time learned to use the software. Later they collaboratively developed 
AR-models showing various elements of the global water cycle. In the project with 

Fig. 22.1 This example from the resource ‘Lost in the woods’ shows a student in the forest inves-
tigating an AR-animation with her smartphone. The second photo is a screenshot showing the digi-
tal layer on top of the real leaf, as seen through the smartphone. This case is part of a range of 
AR-animations illustrating models related to photosynthesis, water transport in roots and xylem, 
etc. The task for the students was to examine these animation models and connect them to a real, 
physical tree in the outside area
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the global water cycle, students worked in groups to produce AR-animations model-
ing the various complex processes invisible to the naked eye. Those processes must 
be put together to understand how water is transported between the reservoirs. The 
aim was that students could explore, understand, and explain the processes and 
phenomena by creating their own AR-animation models. The 7th-grade students 
were involved in a more structured task of illustrating electric circuits in the home 
and connecting it to the ones from the science lab. The students reported about some 
challenges with the Blippbuilder software being slow, but they anyway across tasks 
reported a high level of perceived learning outcomes: “It is worth the effort.” For 
example, 90% reported the activities to be very or mostly useful for the purpose. 
Compared to test 2, they referred to the possibility to be creative designing them-
selves. Many groups included a reference to environmental issues related to the 
global water cycle, e.g., chemical pollution. This particular focus was new com-
pared to the micro-processes in science in most of the materials from the ARsci 
project until then. Another interesting issue was that the students emphasized a new 
respect for the teachers’ design in test 2, after being AR-producers themselves, real-
izing that someone designs all the ICT they use in their everyday life. When inter-
viewed about perceived outcomes, students used terms like “meaningful” and “get 
a sense of what happens,” and they referred like in test 1 very positively to the pos-
sibility of seeing the invisible. The students furthermore valued the degrees of free-
dom, the possibility to make their own decisions, and creativity. Still, they also 
highlighted learning outcomes from the first more structured tasks, e.g., the task of 
working collaboratively by augmenting the world map.

Summing up, the students across the phases of testing referred positively to 
learning outcomes, and there was based on the multiple data evidence that many 
students over the testing period developed a level of representational competencies 
(Waldrip & Prain, 2012). They, for example, began to emphasize signifiers in the 
AR-animation models. Neither students nor teachers did, however, refer to 
AR-animations as a model, and there were some student utterances like: “I did not 
think it looked like this,” indicating a naïve understanding of the nature of models 
(Nielsen et al., 2018). So this (pedagogical) approach did not seem to contribute 
sufficiently with what can be called meta-modeling knowledge: knowledge about 
the nature of models and the purpose of using models (Schwarz et al., 2009). Hence, 
throughout the project, the research team developed a renewed interest in how stu-
dents are engaged more deeply with the content and epistemic characteristics of 
scientific knowledge. The students can realize that the ideas represented in the mod-
els are testable, revisable, explanatory, conjectural, and generative (Windschitl 
et al., 2008).

Together with inspiration from the students’ choices to work with environmental 
issues in the third phase, this was the rationale for exploring further the affordances 
of AR to explore the macro-processes that can be exemplified in the Ocean globally.
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22.5.2  State-of-the-Art Related to Ocean Literacy and Science 
Teaching with ICT/AR

While various concepts related to environmental literacy can be traced back to the 
sixties, Ocean Literacy emerged as a specific term at the start of the twenty-first 
century (Cava, 2002). Multiple goals and benefits of using the Ocean as a context 
are referred to, e.g., to help to teach complex topics in a way that captures students’ 
imagination and to provide a portal for introduction of cutting-edge science and 
technology into the classroom (Cava, 2002). The focused searches in the literature 
revealed many examples of classroom trials from a U.S. context published in peer- 
reviewed practitioner journals (Plankis & Marrero, 2010). Nearly all studies refer to 
7 key principles of Ocean Literacy described by UNESCO (Santoro et al., 2017). 
Many of these studies include inquiry-based activities for the students with, e.g., the 
5E model (Eidietis & Rutherford, 2009; Gillan & Raja, 2016). There are several 
examples where students are generating data and instances where they are cooperat-
ing with and/or working with real-time data from scientists (Adams & Matsumoto, 
2009). Finally, there are examples where students work on creating their own mod-
els (Weersing et al., 2010).

The searches also revealed publications from high ranking, international jour-
nals, and dissertations. In Fauville (2018), the teaching context was students’ work 
with ocean acidification, using a virtual lab, and involving online discussions with a 
marine scientist. They conclude that students’ interaction and dialogue with scien-
tists allow them to explore and reason about a wider range of ideas beyond the range 
offered by the school setting. The affordances of the virtual lab of making the invis-
ible visible are also emphasized (Fauville, 2018). About socio-scientific arguing 
that findings are illustrating how the 7th-grade students can apply ocean concepts 
about physical and biological processes to personal and societal decision making 
related to, e.g., pollution and food choice (Marrero & Mensah, 2010). So, though it 
is a new field and most of the literature is practitioner reports, there are more solid 
studies documenting how school science can be combined with citizen science, 
including also a literature review about research on learning and teaching ocean sci-
ences (Tran et al., 2010). In the review, a system-thinking approach to critical con-
cepts and processes, such as the water and carbon cycles, is emphasized as being a 
key to support students’ Ocean Literacy. System-thinking means the cognitive abil-
ity to see and consider the whole system, the parts (sub-systems), the mutual inter-
relationships between them (the dynamics and change intra-impact), and the overall 
mode of operation.

An example is an interplay between understanding how the density of seawater 
is affected by the change in temperature and salinity in one location (micro-system) 
and the thermohaline circulation driving the global ocean currents (macro-system). 
It also involves understanding how ocean currents transport heat influencing 
regional climate patterns and how it can cause upwelling of nutrition at a location 
on the opposite side of the globe boosting biodiversity and production (micro- 
system). Tran et al. (2010) define students’ system-thinking skills as their capability 
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to use models, and more specifically, create, manipulate, and revise models using 
ICT and virtual environments. They emphasize that system-thinking has great 
explanatory and predictive power, but understanding global processes from a sys-
tem perspective requires types of thinking that are challenging for students. 
Strategies that can support system-thinking include ensuring that teachers have 
advanced pedagogical knowledge to scaffold student thinking and for designing 
activities to give students control to create and manipulate models (virtual and phys-
ical). There is a need to provide opportunities for students to be involved in dialogue 
with peers to articulate and share their thinking.

Furthermore, Tran et  al. (2010) suggest to include external learning environ-
ments like aquariums and science centers, as such sites can provide access to 
objects, organisms, and phenomena that create personal connections for learners. 
With AR, in particular, a study by Hsiao, Chang, Lin, and Wang (2016) showed that 
key characteristics of the manipulative AR, such as the simultaneity of virtual and 
real objects, high interactivity, and hands-on experience lead to a greater positive 
impact on the students’ academic achievement and motivation. A study by Chen and 
Wang (2018) using a game-type AR to construct a mixed-reality environment facili-
tating conceptual learning among 5th and 6th graders report about a relationship 
between presence and learning achievement. Low presence in an AR-mediated 
learning environment is correlated with low learning achievement. The study sug-
gests that enhancing interactive experience could increase learner presence in 
AR-mediated environments.

22.6  Discussion & Conclusions

The findings from the ARsci project highlighted the importance of students as pro-
ducers. They exemplified the role of teacher questioning in scaffolding students’ 
exploratory dialogues and learning activities with AR – a focus asked for by Ibáñez 
and Delgado-Kloos (2018). The students emphasized across the phases of testing, in 
particular the possibility for seeing the invisible and the experience of presence in 
phenomena, issues highlighted by Chen and Wang (2018), and Wu et al. (2013) as a 
determent for this to be a genuine learning experience. The possibilities for students 
to work collaboratively modeling the complex processes and phenomena in science 
were exploited in the third round. The students themselves were producing and 
modeling with AR. Students’ work in this phase also revealed their interest in envi-
ronmental issues related to macro-processes connected to the global water cycle. 
The new project Ocean Connections is exploring the affordances of using AR in 
modeling the large-scale partly invisible processes related to the Ocean. The posi-
tive experiences with students as producers and with teacher scaffolding of dia-
logues to support their representational competence (Waldrip & Prain, 2012) can 
also be used when working with the global Ocean. But the findings from the ARsci 
project also revealed some challenges about helping teachers and students to discuss 
models more profoundly as representations that are testable, revisable, explanatory, 
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conjectural, and generative (Windschitl et  al., 2008). The state-of-the-art review 
provided insights from both practitioner reports and more solid research about the 
development of Ocean Literacy through technology-supported, inquiry-based, and 
data-driven science – findings that can further inform how to approach this peda-
gogical challenge. The fact that the Earth has one big Ocean with many features, the 
first of seven principles of Ocean Literacy (Santoro et al., 2017), can provide an 
excellent context for challenging students to consider both micro and macro- 
processes and the interplay between them (Tran et al., 2010).

A systems approach to critical concepts and processes related to the global water 
cycle should include students’ design of their own models with layered information. 
Building on the positive findings from the ARsci project, these models should also 
be used when students test their own ideas, but adding a more explicit focus on the 
whole system and the relation to the sub-systems. The affordances of AR in this 
context are in particular about illustrating the invisible phenomena and processes 
and linking students mediated and situated inquiries to live data streams, e.g. AR 
can be data-driven by add-on sensors as frequently explored, but also from open 
databases (Nielsen et al., 2016), and the literature provides examples where students 
are using real-time data and communication with scientists when working with 
ocean processes (Adams & Matsumoto, 2009). Tran et al. (2010) furthermore point 
to the need for support for teachers as their advanced pedagogical knowledge is a 
critical aspect in supporting students’ system-thinking, and they also suggest the 
cooperation with external partners like aquaria. They emphasize aquaria as a con-
text for working with the ocean processes. But it might be that working closely 
together across groups of stakeholders like educational researchers, educators at 
aquaria, natural scientists, and teachers can contribute to both supporting teachers 
and scaffolding students’ modeling practices? System-thinking is known to be chal-
lenging for many students. Still, meeting stakeholders like scientists in the situated 
practice at aquaria might support the combination of perspectives and meta- thinking 
about AR-animation models. The research from the rather new field of Ocean 
Literacy suggests the potential of cross-sectorial cooperation. Hence, the findings 
from the ARsci project, where students highlight both the experiences from produc-
ing AR-animation models themselves, and the teacher-guided work to use the mod-
els to ‘see’ and feel a presence in the invisible science processes, can inform the 
ongoing work in the Ocean Connections project. This project can particularly add to 
knowledge about using technology like AR in mediating students’ system-thinking 
and meta-modeling competencies.
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